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2-1. If0 = 30°and T = 6 kN, determine the magnitude
of the resultant force acting on the eyebolt and its direction
measured clockwise from the positive x axis.

!

HMH

8 kN

The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively.
Applying the law of cosines to Fig. b,
Fg = 6% + 82 — A6)(8)c0s 75°
=8.669kN = 8.67kN Ans.

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

sing  sin75°
— — = 6 _05‘7'
s see9 °°%

Thus, the direction angle ¢ of Fr measured clockwise from the positive x axis is
¢ =a - 60° =63.05°-60° =3.05° Ans,
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Ji<

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

2-2. If 6 = 60° and T = 5 kN, determine the magnitude
of the resultant force acting on the eyebolt and its direction
measured clockwise from the positive x axis.

X

I
|

8 kN

Applying the law of cosines to Fig. b,

Fr = 452+ 8% — 2(5)8)cos 105°
=1047KkN = 10.5kN Ans.

Applying the law of sines to Fig. b and using this result, yields
sing _ sin105°

—— = 47.54°
8 10.47 o =47.54

Thus, the direction angle ¢ of Fg measured clockwise from the positive x axis is
¢ =a -30° =47.54° - 30° =17.5° Ans.
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2-3. If the magnitude of the resultant force is to be 9 kN
directed along the positive x axis, determine the magnitude of
force T acting on the eyebolt and its angle 6.

H\H

Hll,
I

8 kN

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,

T = 482 +92 - 2(8)(9)cos 45°
=6.571 kN = 6.57kN Ans.

Applying the law of sines to Fig. b and using this result, yields
sin(90°~@) _ sin45°
8 6.571

6 = 30.6° Ans.
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F,=1501b

*2—4. Determine the magnitude of the resultant force
acting on the bracket and its direction measured
counterclockwise from the positive u axis.

Fy=2001b
The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively.

Applying the law of cosines to Fig. b,

Fr = 42002 +1502 — 2(200)(150)cos 75°
=216.721b=2171b Ans.

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

sing _ sin75 @ = 63.05°
200 _ 216.72

Thus, the direction angle ¢ of Fg , measured counterclockwise from the positive u axis, is
¢ =a —60° = 63.05° - 60° = 3.05° Ans.

10
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*2-5. Resolve F, into components along the u and v axes, F,=1501b

and determine the magnitudes of these components.

u

F, =2001b

The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively.
I
Applying the law of sines to Fig. b, yields
F, 200

— F, =3861b Ans.
sin105° sin 30° u
E = 200 F, =2831b Ans.

sin45°  sin30°

L\ 109' 200.1b
rv

¢)

11
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2-6. Resolve F, into components along the « and v axes, F,=1501b
and determine the magnitudes of these components.

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

Applying the law of sines to Fig. b,
F 150

—_— = F, =150 1b Ans.
sin30°  sin30°
F, 150

F, =2601b Ans.

sin120° - sin 30°

12
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2-7. If Fz = 2kN and the resultant force acts along the
positive u axis, determine the magnitude of the resultant
force and the angle 6.

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

Applying the law of sines to Fig. b, yields

sing _ sin30° 6 = 48.59°
3 2 o
Thus,
6 = 30°+¢ = 30° +48.59° = 78.59° = 78.6° Ans,

With the result 8 = 78.59°, applying the law of sines to Fig. b again, yields

R _ 2
sin(180° — 78.59°)  sin30°

Fr =3.92kN Ans.

13
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*2-8. If the resultant force is required to act along the
positive u axis and have a magnitude of 5 kN, determine the
required magnitude of F and its direction 6.

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

Applying the law of cosines to Fig. b,

Fg = 3% +52 - 2(3)(5)cos 30°
=2.832KN = 283 kN . Ams.

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

sin _ sin30° 0 = 62.0° Ans.
5 2832

14
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¢2-9. The plate is subjected to the two forces at A and B F,=8kN
as shown. If 6 = 60°, determine the magnitude of the
resultant of these two forces and its direction measured
clockwise from the horizontal.

N @M 0 @0 N @0

Fz=6kN

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

Trigomometry : Using law of cosines [Fig.(b)], we have

Fy = /8 +61-2(8) (6) cos 100°
= 10.80 kN = 10.8 kN Ans

The angle6 can be determined using law of sines[Fig. (b)].

sin @ _ sin 100°
6  10.80
sin 8= 0.5470
6=133.16°

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

¢ =33.16°-30° = 3.16° Ans

15
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2-10. Determine the angle of 6 for connecting member A F,=8kN
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?

M MM @0 @M @0 0

Fz=6kN

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

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

sin (90°-6) _ sin 50°
6 "3
sin (90° - 6) =0.5745

8=54,93°=549° Ans

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

Fy = /82 +63-2(8) (6)cos 94.93°
= 10.4 kN Ans

2-11. If the tension in the cable is 400 N, determine the

magnitude and direction of the resultant force acting on 400N
the pulley. This angle is the same angle 6 of line AB on the
tailboard block.
Fy = /(4007 + (400)* - 2(400)(400) cos 60° = 400N Ans R
Aeonl
sinf _ sin 60°
—=—; 8=60" Ans
400 400 Lo @
200N
16
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*2-12. The device is used for surgical replacement of the

- . ) yo
knee joint. If the force acting along the leg is 360 N,
determine its components along the x and y’ axes. 10°
xl
= / X
60°
360 N

-F, -
$in 20°  sin 100°

i FR = -125N Anms

_FLa....Bi F, = 317N

Sn60°  sim 100° © Ans

17
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¢2-13. The device is used for surgical replacement of the
knee joint. If the force acting along the leg is 360 N,
determine its components along the x” and y axes.

o390 . g <3N Ans
sin70°  sin 80°

10°
] .
: X
/

18
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4001b A

2-14. Determine the design angle 6 (0° =6 = 90°) for
strut AB so that the 400-1b horizontal force has a
component of 500 Ib directed from A towards C. What is the
component of force acting along member AB? Take

b = 40°.

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

% {
&

¥
,I

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

-

”
td

D r
’

sin @ _ sin 40°
500 400 400 b

sin 8= 0.8035 Y 1 a
. \\\ be
"\

0=53.46° = 53.5° Ans N

Thus, = 180° - 40° - 53.46° = 86.54° \
AY

Using law of sines [Fig. (b)) @) "*509:5 h\

F“ = 400 '[
o
sin 86.54° ~ sin 40° Soc bl N
]
| \

Fa=6211 Ans V] \

2-15. Determine the design angle ¢ (0° = ¢ = 90°) 4001b A

between struts AB and AC so that the 400-Ib horizontal
force has a component of 600 1b which acts up to the left, in
the same direction as from B towards A.Take 6 = 30°.

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

Trigomometry : Using law of cosines [Fig. (b)], we have
F, o = /4007 + 6007 — 2(400) (600) cos 30° = 322.97 Ib ‘.\?’\\
The angle ¢ can be determined using law of sines [Fig. (b)]. \‘ : N

sing _ sin 30° 400 {
W00 31297 Tl

sin ¢ =0.6193 @ N\

¢=383° Ans C

19
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*2-16. Resolve F, into components along the u and v axes v
and determine the magnitudes of these components. F = 250N
=
30° u
1
v
Sine law :
A, 250
§in30°  sinl05° fi, =129N Ans
A 250
— e = 108
sind5°  sin105° Fiu=183N Ans |
*2-17. Resolve F, into components along the u and v axes v
and determine the magnitudes of these components. F = 250N
=
30° u

Sine law.: Fae
an'ISGN _—"‘“
B, _ 150 oy
,——-.=-,—'——; F;.,=T?.6N Ans ] u
sin 30°" sin 75 ! 30 | —
1
B 150 .
s = = F. 75
Sn75°  sin75° fr.=150N Ans 2u ~
150N
F:v w
B
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2-18. The truck is to be towed using two ropes. Determine y
the magnitudes of forces F, and Fp acting on each rope in

order to develop a resultant force of 950 N directed along

the positive x axis. Set § = 50°.

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

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

E 95
sin50°  sin 110°
o F, =T14N Ans _
a B
K _ 950 =
sin20°  sin 110° gson
b)
g =346 N Ans (
2-19. The truck is to be towed using two ropes. If the y

resultant force is to be 950 N, directed along the positive x
axis, determine the magnitudes of forces F, and Fj acting
on each rope and the angle 6 of Fy so that the magnitude of
Fp is a minimum.F 4 acts at 20° from the x axis as shown.

Parallelogram Law : In order to produce a minimum force Fy, Fghas £
10 act perpendicular to F, .The parallelogram law of addition is shown in A
Fig. (a).

Trigonometry : Fig.(b).

Fy =950sin 20° = 325N Ans
F, =950503-20"=893N Aﬁs
Theangle @ is 2 5
6=90°-20° = 70.0° Ans gs5o0nN
(b)

21
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*2-20. If ¢ = 45°, F; = S5kN, and the resultant force is
6 kN directed along the positive y axis,determine the required
magnitude of F, and its direction 6.

The parallelogram law of addition and triangular rule are shown in

Figs. a and b, respectively.
Applying the law of cosines to Fig. b,

Fy = 6% +52 - 2(6)(5) cos 45°
=4310kN = 431 kN Aus.

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

sin@ _ sin45 0 = 55.1° Ans.
5 4.310

22
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2-21. If ¢ = 30° and the resultant force is to be 6 kN
directed along the positive y axis, determine the magnitudes of
F, and F, and the angle 6 if F, is required to be a minimum. y

e

For F; to be minimum, it has to be directed perpendicular to F.
The parallelogram law of addition and triangular rule are shown in Figs.a and b, respectively.
By applying simple trigonometry to Fig. b,

K = 600830°=5.20 kN Ans.
F = 6sin30° =3kN Ans.

6 =90°-30° =60° Ans.

23
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2-22. If ¢ = 30°, F; = SkN, and the resultant force is to
be directed along the positive y axis, determine the
magnitude of the resultant force if F, is to be a minimum.
Also, what is F, and the angle 6?

Parallelogram Law and Triangular Rule: The parallelogram law of addition and

triangular rule are shown in Figs.a and b, respectively.

For F5 to be minimum, it must be directed perpendicular to the resultant force. Thus,
g =90° Ans.

By applying simple trigonometry to Fig. b,

F) = 5s5in30° = 2.50 kN Ans.
Fg = 5c0s 30°=4.33kN Ans.

24
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2-23. If 6 = 30° and F, = 6 kN, determine the magnitude
of the resultant force acting on the plate and its direction
measured clockwise from the positive x axis.

Parallelogram Law and Triangular Rule: This problem can be sclved by adding the forces
successively, using the parallelogram law of addition, shown in Fig. a. Two triangular force
diagrams, shown in Figs. b and ¢, can be derived from the parallelogram.
Determination of Unknowns: Referring to Fig. b, F' and & can be determined as follows.

F'=d42+52 = 6.403KN

5
N = = o
o y: o =51.34

Using the results for F” and & and referring to Fig. ¢, Fg and 8 can be determined.

Fr = 46% + 6.4032 — 2(6)(6.403)cos(51.34° +30°)
=8.089kN = 8.09kN Ans.

sinf _ sin(51.34° +30°)
6

=47.16°
8.089 B

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

¢ =+ =5134°+47.16°= 98.5° Ans.

25
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*2-24. If the resultant force Fp is directed along a y
line measured 75° clockwise from the positive x axis and | Fy=5kN
the magnitude of F, is to be a minimum, determine the l ‘
magnitudes of F and F, and the angle 6 = 90°.

Q0 e x
=) =)

This problem can be solved by adding the forces successively, using the parallelogram law of addition,
shown in Fig. a. Two triangular force diagrams, shown in Figs. b and ¢, can be derived from the parallelograms.
For F; to be minimum, it must be perpendicular to the resultant force' s line of action. Thus,

6 =90°-75°=15° Ans.

Referring to Fig. b, F’and & can be determined.

F’=+42+52 = 6.403kN
mna = - a =51.34°
4

Using the results for 0, a,and F’, Fg and F can be determined by referring to Fig. c.

Fy = 6.403cos(15° +51.43°)= 2.57kN Ans.
Fg =6.403sin(15° +51.43°)= 5.86 kN Ans.

26
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*2-25. Two forces F and F, act on the screw eye. If their
lines of action are at an angle 6 apart and the magnitude
of each force is F; = F, = F, determine the magnitude of
the resultant force Fy and the angle between F, and F;.

F F

—

sing sin(8-¢)
sin(6-9) = sing
G-¢ = ]

Ans

-
]
Nig

Py = J(F) + (F)? =~ AF)(F) cos(180° - 6)

Sinnecos(lw‘-ﬂ) = —cos8

Fp = F(/2)/1+ cost

Since m(f) = [ L+ cosb
2 2
Then
-]
R = 7-’503(5) Ans

F,

27
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Fig. (a).

Parallelogram Law : The p

]

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

10

sin15°  sin 135°

F, =3.66kN

]

10

sin30°  sin 135°

£ =T0TkN

2-26. The log is being towed by two tractors A and B.
Determine the magnitudes of the two towing forces F 4, and
Fp if it is required that the resultant force have a magnitude
Fr = 10 kN and be directed along the x axis. Set § = 15°.

arallelogram law of addition is shown in

10 kn
)

situation?

Fig. (a).

The angle @ is

Trigonometry : Fig.(b).

Fp,= 10sin 30° = 5.00 kN
8

F, = 10cos 30° = 8.66 kN

8=90°-30° = 60.0°

2-27. 'The resultant Fy of the two forces acting on the log is
to be directed along the positive x axis and have a magnitude
of 10 kN, determine the angle 6 of the cable, attached to B such
that the magnitude of force Fp in this cable is a minimum.
What is the magnitude of the force in each cable for this

Parallelogram Law : In order to produce a minimum force Fy, Fyhas
to act perpendicular to F, .The parallelogram law of addition is shown in

Ans

Ans

Ans

A
V\
Al
. ‘\\
220 (G KN
] o

28
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*2-28. The beam is to be hoisted using two chains. Deter- y
mine the magnitudes of forces F , and Fj acting on each chain
in order to develop a resultant force of 600 N directed along Fp Fa
the positive y axis. Set 6 = 45°.
30°
6»

/) 600

wmds s 105 Fi=439N Ams
X

F 600

@ e PUMIN A

29
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e2-29. The beam is to be hoisted using two chains. If the y
resultant force is to be 600 N directed along the positive y
axis, determine the magnitudes of forces F , and F acting on
each chain and the angle 6 of F; so that the magnitude of Fj,

is a minimum. F , acts at 30° from the y axis, as shown. o~ 307

Fp Fy

For minimum Fj, require
=60° Ans
Fy=600c0330°= 520N Ans

Fym600sin 30° = 300N Ans

N

(b)

30
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2-30. Three chains act on the bracket such that they create y
a resultant force having a magnitude of 500 Ib. If two of the
chains are subjected to known forces, as shown, determine
the angle 6 of the third chain measured clockwise from the
positive x axis, so that the magnitude of force F in this chain
is a minimum. All forces lie in the x—y plane. What is the
magnitude of F? Hint: First find the resultant of the two
known forces. Force F acts in this direction.

Cosine law :

Fyy = /3002 + 2002 = 2(300)(200)cos60° = 264.6 b
Sine law :

5in(30° +6) _ sin60°
200 m 0=10.9° Ans

When F is directed along Fyy + F will be minimum to creats the resultant force.

B =Fay +F Fé: =264.6 lp

500= 264.6+ F,
F-u:ml;- “ Ans F;-F;lfl‘l

31
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2-31. Three cables pull on the pipe such that they create a y
resultant force having a magnitude of 900 Ib. If two of the
cables are subjected to known forces, as shown in the figure,
determine the angle 6 of the third cable so that the
magnitude of force F in this cable is a minimum. All forces
lie in the x—y plane. What is the magnitude of F? Hint: First
find the resultant of the two known forces.

F' = /(600F + (4007 - 2(600)(300)cos 105° = 802.64 Ib

F =900 - 80264 = 9741b  Ans
=2 ¢ =4622°

8 =4622° - 30° = 162° Ams

(b) F

32
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*2-32. Determine the magnitude of the resultant force

acting on the pin and its direction measured clockwise from
the positive x axis.

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

(F)x = 30c0s45° = 21.211b
(F3), = 40c0s15° = 38.64 1b
(F3), =25sin15°= 6.47 1b

(F)y =30sin45°=21.211b
(Fp)y =40sin15° = 10.35 b
(F3)y =25c0815° = 24.151b

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

—)Z(FR )x

ZF,.; (Fr)y=21.21+38.64+6.47=66321b —
+TE(FR)J, =

IFy; (FR)y =21.21-1035- 24.15=-13.291b=13291b |

The magnitude of the resultant force Fp, is

Fr = (FR):? +(FR)y? = 466322 +13292 = 6761b

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

9=m-1[££‘322-]=m"1(@)= 11.3° Auns,
(FR)x 66.32

%

hj"—_ F=30lb
‘ _4((""‘"
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*2-33. If F,=600N and ¢ = 30°, determine the y
magnitude of the resultant force acting on the eyebolt and
its direction measured clockwise from the positive x axis.

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

(F)x = 60000s30° = 519.62N (Fj)y = 6005in30°= 300N
(F3); = 500005 60°= 250N (F3)y = 500sin60° = 433.0N

B)x =450(33J= 270N By = 450[%]= 360N

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

T E(FR)y =2F;  (FR)e=519.62+250-270=499.62N —
+ TE(FR)y = 2Fy; (Fg)y =300- 433.01-360=~493.0IN = 493.01N |

The magnitude of the resultant force Fp, is

Fr = J(FR )2 +(F)y* = ¥499.622 +493.012 = 701.91 N =702N Ans.

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

—1| (Fr )Z -1f 493.01
= 1 = — | = 2
0 =tan l:(Fh » ] tan ' ) 44.6° Ans,

(F.'e),c=4?%zdx

. ~
Fe), =493.0/N

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

Rectangular Components: By referring to Figs. a and b, the x and y components of Fy, F5, F3,and Fg

can be written as
(R); = F cos¢ (R)y = Fsinp
(£2)x = 500c0s 60°= 250N (Fp)y = 500sin60° = 433.01 N
3 4
(F:s)x=45({g)= 270N (F3),)’=“C{EJ=360N
(FR )x = 600c0s830° = 519.62 N (FR ))’ = 600sin30°= 300 N

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

Y E(Fg)y =XF,; 519.62= F cos ¢ +250 - 270

F cos ¢ = 539.62 [6)]
+ TE(Fp)y = %F,; -300=  sing — 433.01-360
Fj sing = 493.01 @)
Solving Egs. (1) and (2), yields
¢ =424 F=T3IN Ans.
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2-35. The contact point between the femur and tibia y
175 1b

bones of the leg is at A. If a vertical force of 175 1b is applied
at this point, determine the components along the x and y
axes. Note that the y component represents the normal
force on the load-bearing region of the bones. Both the x
and y components of this force cause synovial fluid to be
squeezed out of the bearing space.

K= 115({5) = 67316 Ans

R = -175(-:-:J = ~1621b  Ans
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*2-36. If ¢ = 30° and F, = 3 kN, determine the magnitude
of the resultant force acting on the plate and its direction 6
measured clockwise from the positive x axis.

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

(R)x = 4sin30° = 2kN (F)y = 400s30° = 3.464kN
(F3)x = 3c0830° = 2.598kN (F2)y =3sin30°= 1.5OKN
4 3
= - = = — =3kN
(F3)x :{s] 4kN (B)y {J

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

HE(FR) =EF; (FR)x=-2+2.598+4=4.598kN —
+ TE(RR)y = XFy; (Fr)y =-3.464+1.50 -3 = -4.964 kN = 4964 kN i

The magnitude of the resultant force Fp is

F =‘J(FR )x? +(Fp)y’ = ¥4.5982 +4.964% = 6.77kN Ans.

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

e CBY | - %]= o
6 =t [(Fk)x]_m I[mgs 412 Ans.

Q:ﬁ.,)_,,=4"593 kv

— R GRS R e

Fly
]:R)J 54"?&4 M

Fe.
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e2-37. If the magnitude for the resultant force acting on
the plate is required to be 6 kN and its direction measured
clockwise from the positive x axis is § = 30°, determine the
magnitude of F, and its direction ¢.

Rectangular Components: By referring to Figs. a and b, the x and y components of Fy, F5, F3,and Fp

can be written as
(R)y =4sin30° = 2kN (F)y = 4 cos30° = 3.464kN
(Fy)x = Fy cost (Fa)y = Fy sing
(ba)x=s[f‘;]=4kn )y ={§]=3m
(FR)x = 60c0s30° = 5.196 kN (Fn}y=ﬁsin30°=3kN

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

Y X(Fr)y =EF; 5.196=-2+ Fcos¢ +4

Fz m =3.196 (l)
+ TR )y =EFy; —3=-3.464+ F; sing -3
F, sing = 3.464 (2)
Solving Egs. (1) and (2), yields
¢ =473° F =471kN Ans,
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2-38. If ¢ = 30° and the resultant force acting on the
gusset plate is directed along the positive x axis, determine
the magnitudes of F, and the resultant force.

Rectangular Components: By referring to Fig. @, the.x and y components of Fy, 5, F3, and Fg can be written as

(K)y = 4sin30° = 2kN (F)y = 4 c0s30° = 3.464kN
(Fy)x = F c0s30° = 0.8660F; (Fy)y = Fy sin30° = 0.5F,

4 3
(f%)xz{—s-J=4kN ([*‘3»:{;]:3“
(Fr)x =FR (Fﬂ)y =0

Resultant Force: Summing the force components algebraically along the xand yaxes,
+ TE(FR)y =2Fy; 0=-3.464+0.5F-3

5 =1293kN =129kN Ans,
1 E(Fg)y = EFy; Fg =-2+0.8660(12.93)+4
=13.2kN Ans,

Yan

(b)
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2-39. Determine the magnitude of F; and its direction 0 y
so that the resultant force is directed vertically upward and F,
has a magnitude of 800 N. 600 N 0
400 N
5
3
4 30°
A S
A
) — )

Scalar Notation : Suming the force components algebraically, we have

¥

5 R, =IE; F, =0=F sin 9+400cos w-m(;)
Fsin 0= 1336 (m

+1 B =IE; & =m=ﬁma+mzo°+6oo@)
Ficos 6=240 (21

Solving Eq.[1] and [2] yields

8=29.1° F=215N Ans
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*2-40. Determine the magnitude and direction measured y
counterclockwise from the positive x axis of the resultant
force of the three forces acting on the ring A. Take
F; =500N and 6 = 20°.

Scalar Notation : Suming the force components algebraically, we have

. 4
S R =IE; 5,=sm:mzo-+m30--m(§)
=37.42N -

+T B =ZE; £ =500cos 20°+ 400sin 3a°+ooo(§)
=10298N T

The magnitde of the resultant force F, is

= J!';f +!';': =y37.422+1029.82=1030.5N=1.03kN Ans

The directional angle & measured counterclockwise from positive x axis is

1 X
eam"i =m"(3—?’:;-25)n8?.9" Ans
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*2-41. Determine the magnitude and direction 6 of F so
that the resultant force is directed along the positive y axis
and has a magnitude of 1500 N.

Scalar Notation : Suming the force components algebraically, we have

S K, =ZE; 0=700sin30°~Fycos 8

Fycos 8=1350 (n
+T R =ZF; 1500=700cos 30° + F;sin 6
Fysin 6=893.8 (2
Solving Eq. (1] and (2] yields
6=68.6° F=960N Ans
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2-42. Determine the magnitude and angle measured
counterclockwise from the positive y axis of the resultant
force acting on the bracket if Fz = 600 N and 6 = 20°.

Scalar Notation : Suming the force components algebraically, we have

> R, =IF: F, =700sin 30° - 600cos 20°
==213.8N=2138N +

+T R, =ZIF: F, =700cos 30°+600sin 20°
=8114N T

The magnitude of the resultant force Fy is

= = 82 Al =
A 1/!‘}‘-&-&” V213,82 +811.48 = 839N Ans
The directional angle & measured counterclockwise from positive y axis is

K 138
Ly ~ Ans
¢“"“‘ o al.u) =148
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2-43. If ¢ =30° and F; = 250lb, determine the y
magnitude of the resultant force acting on the bracket and F,
its direction measured clockwise from the positive x axis.

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

(F)z =25000830° = 216.51 1b (Fi), = 250sin30°= 1251b
—300l 42 _ 3
(Fz)x-aoc{—s]-mm (Fz)y_go({g)=1mlb
() =260 = | = 1001 (B)y = 260 12 | = 24016 Fy=3001b
B % 13 g 2

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

HE(Fp)y=%F: (Fg)e=216.51+ 240—-100=356.51 Ib —
+TZ(Fp)y =¥Fy; (Fr)y =125-180-240=-2951b=2951b |

The magnitude of the resultant force Fp, is

FR =J(.-“-,,)x2 +(FR)y” = ¥356.512 + 295% = 463 1b Ans.

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

_1| (Fr) _if 295
e Ry [ —of 295 )_ .o
6 =tan [(Fﬂl)x] tan {35651] 39.6 Ans.

- &/ 1b
Gazsessrh
X

|
|

F‘;)U'.: z295 b
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can be written as

(F)x = F cos¢

(Fy)y = 30({-‘-2-): 2401b
(%) —zw(i]—won:
3= 13 =

(Fr)x = 4001b

*2-44. 1If the magnitude of the resultant force acting on
the bracket is 400 1b directed along the positive x axis,
determine the magnitude of F; and its direction ¢.

F,

Rectangular Components: By referring to Fig. a, the xand y components of Fy, F,, F3, and Fg

(F)y = F sing
3
(Fy)y = mc{-;] =1801b
— 260 12 =
(F3)y= l3)-240|b
(Fr)y =0

Resultant Force: Summing the force components algebraically along the xant_'l yaxes,

1, Z(Fr), = ZF,;; 400= F cos¢ +240-100

F cos ¢ = 260 (1))
+ T Z(Fg)y = ZFy; 0= Fsing - 180~ 240
F sin¢ = 420 )
Solving Egs. (1) and (2), yields
¢ =582° F=4941b Ans.
> X
fe =400 Ib
(b)

F, =300 1b
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e2-4S. If the resultant force acting on the bracket is to be y
directed along the positive x axis and the magnitude of F, is F,
required to be a minimum, determine the magnitudes of the
resultant force and F;.

F,=3001b

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

(F)x = Fj cos¢ (R)y = Fsing
4 3
(B)x = Wi{g)= 2401b Ry = 30({—5-)= 1801b
3 =260/ 42 | =
(F3)x = E)—Iﬂmh (F)y= 13)‘240"’
(Fr)x = Fr (Fr)y =0

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

+TE(Fr)y =F); 0=Fsing -180- 240

420
A= o
Y E(Fg)x=EFy; Fr = Fj cos + 240~ 100 @)

By inspecting Eq. (1), we realize that Fj is minimum when sin¢ = lor ¢ = 90°.Thus,
F=4201b Ans.
Substituting these results into Eq. (2), yields

Fg = 1401b ; Ans.

I

My

(b)
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2-46. The three concurrent forces acting on the screw eye
produce a resultant force Fp = 0. If F, = % Fyand F, is to
be 90° from F, as shown, determine the required magnitude
of F5 expressed in terms of F| and the angle 6.

Cartesian Vector Notation :

F, = F; cos 60° + F; sin 60°)
= 0.50F, i +0.8660F, j

F, = 3£ co0s 30%- 2 sin 3}
=0.5774F1 03333 j

F; =~F sin 6i ~ Fcos 6]

Resultant Force :
Fp=0 "l +F; +E
0 =(0.50F, +0.5774F, - Fsin )i
+(0.8660F -0.3333F, - Fcos 6)

Equating i and j components, we have

0.50F, +0.5774F; - Fsin =0 [
0.8660F, —0.3333F, - Fcos =0 [2]
Solving Eq.[1] and [2] yields
0=637 F =120F, Ans
2-47. Determine the magnitude of F, and its direction 0 Yy

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

Scalar Notation : Suming the force components algebraically, we have

= K, =ZIF; 1250=F,sin 6+800cos 30°

Fsin 0= $57.18 (m
+T R =ZEF; 0=F, cos §~800sin 30°
F,cos 8= 400 [2
Solving Eq.[1] and [2] yields
9=S4.3* F, =686N Ans
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*2-48. Determine the magnitude and direction measured y
counterclockwise from the positive x axis of the resultant
force acting on the ring at O if F4, = 750 N and 6 = 45°.

Scalar Notation : Suming the force components algebraically, we have

S R, =IF: F, =750sin 45°+800cos 30°
= 1223158 >

+T R =ZIE; K =750c0s 45°-800sin 30°
=13033N T

The magnitude of the resultant force Fy is

R=VBR

=41223.152+130.332 = 1230 N = 1.23 kN Ans

gy
i

The directional angle & measured counterclockwise from positive x axis is 4
:"30-5?&,--—-.___..

- x
SRR, Y 130-33)= o 1223154
¢=m 3 @n (1223.15 6.08 Ans
*2-49. Determine the magnitude of the resultant force y

and its direction measured counterclockwise from the
positive x axis.

1 1 o
R = ~ﬁo[—-)l+so[—]1={-42_431+41431} b e
V2 V2 103.0515/ X, i
E, = —70 sin 60°%—70 cos 60°% = {~ 60.621 — 35 j} b’ o ©
Has1lb ©
F = {-50 j} b 5
3 ‘ 2 o

Fr = IF = {-103.05i - 42.57§} b

Fp = ¢(-103.052 + (~42.572 = 111b  Aps

gt 4257 s e
§ =t (103.05)‘22‘4

6 =180°+22.4° = 202° Ans
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2-50. The three forces are applied to the bracket.

800 N
Determine the range of values for the magnitude of force P 3000 N o0°
so that the resultant of the three forces does not exceed Yy
2400 N. 60°

1z

~Fp 2 EF,; Fp = P+ 800cos 60° -3000c0s 30° = P - 2198.08

+TFy = IF,; Fpy = 800sin 60° + 3000 sin 30° = 2192.82

Fa = /(P - 2198.08 + (2192827 s 2400 y'
(P - 2198.08)* + (2192.82)° S (2400)
I(P - 2198.08) s 975.47

~975.47 S P - 219808 S 975.47
12226N S P S 3IT3SN

, 122kN £ P < 3.1TKN Ans
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2-51. If F; = 150N and ¢ = 30°, determine the magnitude
of the resultant force acting on the bracket and its direction
measured clockwise from the positive x axis.

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

(A )x =150sin30° = 75N (H)y =150c0s 30°= 129.90N
(F3)x = 200N (F)y=0

_ S )_ _ 12} _
(Fa)x—za{m]—wow (F)y = EJ‘ 240N

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

LE(FR)x=2F;:  (FR)y=75+200+100=375N —
+ TE(FR)y = TFy; (Fr)y =129.90-240=~110.10N =110.01N |

The magnitude of the resultant force Fp, is

Fr = §Fr)s +(Fg)y? =W375% +110.107 = 391N Ans.

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

-1] (Fr) -1 110.10
= 1'—-4 = i— | = o
6 =tan [(Fx)x] tan '( 375J 16.4 Ans.

Q:')_” F=150N
g_*(;,. -

. R =200N
Yo

13}
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*2-52. 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 ¢.

Rectangular Components: By referring to Fig. a, the xand y components of F, F», F3, and Fg

can be written as
(R)y = Fsing (F)y = F cosp
(Fz)x=200N (Fz)y=0
= i = = —IE = g
(F3)c = 6“(13]—1°0N (Fs),,—zﬁr{ 13} 2401b
(Fg )y = 450c0s30° = 389.71N (FR)y = 450sin 30°= 225 1b

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

+ E(FR), = ZF,; 389.71 = F sing + 200+ 100

F sing = 89.71 ¢))
+ TE(Fg)y = ZFy; 225= F cos¢ —240
F cos ¢ = 465 ()
Solving Egs. (1) and (2), yields
6 =10.9° F = 474N Ans.
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e2-53. If the resultant force acting on the bracket is
required to be a minimum, determine the magnitudes of F;
and the resultant force. Set ¢ = 30°.

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

(H)x = Fsin30° = 05K (R)y = K c0s30° = 0.8660F
(F); = 200N (F)y=0
(B) = 13] 100N (B)y= BJ—M'N

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

S E(Fr)e =EF;  (Fg)x = 0.5K +200+100
= 0.5 +300

+ TE(FR)y =%Fy; (Fg)y = 0.8660K - 240

The magnitude of the resultant force Fp is

Fp= J;Fg > +(Fr)y’

= J(0.55 +300)? + (0.8660F; — 240)°

= JF% - 115.69F + 147600 @

Fr? = F2 — 115.69F + 147 600 @

The first derivative of Eq. (2) is
dFp
ZFRJ"] =2K -115.69 )]
and the second derivative of Eq. (1) is

2

d°F, dFp dF;
Fp——R 4+ —RB_R 4
Rd"lz & &, @

For Fp to be minimum, %’-‘- = 0.Thus, from Eq. (3)
1

ZFRQG.‘R-:ZH-—IIS.@:O

dry

F =5784N = 578N Ans.

Substituting & = 57.84 N and %& = Ointo Eq. (4),
1

d2F;
—%-=0.00263>0

dFy
Thus, § = 57.84 N produces a minimum Fg . From Egq. (1),

Fr = ¥(57.84)% - 115.69(57.84)+ 147600 = 380 N Ans.

o L
i/

isa’ |

) /f'(Ex.
_...,l’;:- a
-@-l- 2= 200N
i‘ 3;(’5)&

1 ° !

{Z" F=260N
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2-54. Three forces act on the bracket. Determine the y
magnitude and direction 6 of F, so that the resultant force is
directed along the positive u axis and has a magnitude of 50 Ib.

F; =801b
> X

Scalar Notation : Suming the force components algebraically, we have

¥
- 5 .
- R =LIF; 50m250=50+52(%)+r;m (25°+8) L.ﬂg 521b
Fcos (25°+ 0) = -54.684 [ ,"’5'5"2'
)R, F=gots x
Fsin (25°+6) = 69.131 (2] LN
A 3
Solving Eq.(1] and [2] yields ¥
25°+0=128.35° @=103° Ans ¥
K =88.1b Ans
Fey F*501b
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2-55. If F,=1501b and 6 = 55° determine the y
magnitude and direction measured clockwise from the
positive x axis of the resultant force of the three forces
acting on the bracket.

F,=801b
} > X

25°

Scalar Notation : Suming the force components algebraically, we have

* s
- ,F"!' =EF; R = m+51(l—3)+ 150cos 80°
=126051b—

+T R/ =3F;, & =52(:—;)- 150sin 80°
=-99.721b=99.721b {

The magniwde of the resultant force Fy is

[ =1F_EE+F}'=¢'126.051+99.ﬁ=1611h Ans

The directional angle § measured clockwise from positive x axis is

L “(ﬂ)= 8.3° Ans :
O pr = | T260s) ™
*2-56. The three concurrent forces acting on the post y

produce a resultant force Fp = 0. If F, = %Fl, and F is to
be 90° from F, as shown, determine the required magnitude
of F; expressed in terms of F| and the angle 0.

R = 0; K cos(0 - 90°) = K
Ky =0 Kan(6-9%) =§

0 - 90 = F = 3 R

6 - 90° = 26.57°

6 =11657° = 117° Ams

K

. |
cos(116.57° — 90°)

K =112 Ans
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e2-57. Determine the magnitude of force F so that the
resultant force of the three forces is as small as possible.
What is the magnitude of this smallest resultant force?

8 kN

SF wIE: Fa, = 8- FoosdS = 14008 30°
== 41244~ F cos 45°

+Th, =EF; Fy, =-Fiind$+143in30°
=7-F sin 45°

Fi = (=4.1244= F cos 45°) + (7~ F sin 45%)} ()

1&%-2(-4.1244-?”43‘){-“ 45%)+2(7 = F 5in 45°)(~sin 45°) = 0

Ful3kN Ans %
FromEq. (1); F=7.87kN Ams | F
=4kN K
Also, from the figure require SF: _____ %
(R)m0mEF:; Feldsinls®=8cosdS =0 i \\\

F=203kN  Ams Ex.l 2:2> E’8m

(Fa)ymLF,:; Faw=ldcos15°-8sinds®

Rel81kN Am
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2-58. Express each of the three forces acting on the
bracket in Cartesian vector form with respect to the x and y
axes. Determine the magnitude and direction 6 of Fy so that
the resultant force is directed along the positive x’ axis and
has a magnitude of Fp = 600 N.

F, = {F cosfi + F sin6j} N Ans

K, = {350i} N

¥

B

F, = {-100j} N
Reguire,

F, = 600 cos30°i + 600-sin30°]
K, = {519.6i + 300§} N _

Fy = ZF

Bquating the i and j componeats yields :
519.6 = F cos + 350

B cos = 1696

300 = F, sin 6 - 100

F, sin® = 400

LT407 |
0= tan [—-—169']-6‘7.0’ Ans
K =434N Ans
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2-59. Determine the coordinate angle y for F, and then
express each force acting on the bracket as a Cartesian

vector.

Fy =600 N

Rectangular Components: Since cosZ o + cos2 B + cos2y 5 =1, then m122=ﬂ1—m245°—ms260° =105,

However, it is required that 5 >90°, thus, 7 = cos ~}(~0.5) = 120°. By resolving F, and F into their x, y, and 3
components, as shown in Figs. a and b, respectively F; and F5 can be expressed in Cartesian vector form as

Fy = 45000s 45°sin30° i)+ 450008 45° 08 30° (+) + 450sin45°(+k)

={-159% + 276j+ 318k}N Ans.
F; = 600c0s45°i + 600 cos 60°j+600c0s120°k
={424i+300j— 300k} N Ans.
&
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*2-60. Determine the magnitude and coordinate direction
angles of the resultant force acting on the bracket.

F,= 600N

Rectangular Components: Since cos? a3 + cos? By + cos2y, =1, then cosy 3, =:I:Jl— c0s245° - c0s260° = 10.5.

However, it is required that &5 > 90°, thus, ¥ 5 = cos ~+(-0.5) = 120°. By resolving F; and F into their x, y, and z
components, as shown in Figs. a and b, respectively, F} and F5, can be expressed in Cartesian vector form, as

F, = 450c0s 45°5in30°( i) + 45008 45° cos 30°(+ ) + 4505in45°( +k)
={-159.10i + 275.57j+ 318.20k}N

F; = 600c0545°i +600cos 60°j+600c0s 120°k
={424i +300j- 300k} N

3

1

Resultant Force: By adding F; and F5 vectorally, we obtain Fp.
Fp =F+Fy
=(-159.10i + 275.57 j+ 318.20k)+ (424.26i + 300 j — 300k )
={265.161 + 575.57j+ 18.20k} N
The magnitude of Fp is
Fr = J(FR):> +(F )y + (FR).*

=v265.162 + 575.57 + 18202 = 633.97N = 634N Ans.

The coordinate direction angles of Fg are

o[ ]  -1(26516)_ <.
o = cos “Fx ]-m [—-——633_97]-65.3 Ans.

-

633.97

-1 (F );]=m_;( 18.20 J=88‘4°
Fp

633.97

P %.’z]m Z5)- s -
| R
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*2-61. Express each force acting on the pipe assembly in
Cartesian vector form.

Rectanguolar Components: Since cos? o+ :mzﬂz-i- ws272 =1, then cosfi; =:I:Jl—tm2 60° — cos % 120° = 40.7071.
However, it is required that 5 > 90°, thus, B = oos 1(0.7071) = 45°. By resolving Fy and F5 into theirx, y,and =
components, as shown in Figs. @ and b, respectively, ¥; and F5, can be expressed in Cartesian vector form, as

F = au{fs-](mwy m«{%)(ﬁ)

=[480i+360k |]N
Fy = 400c0s60°i +400cos 45°j+400c0s 120°k
= [200i+ 283 - 200k]N

¥

3
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2-62. Determine the magnitude and direction of the
resultant force acting on the pipe assembly.

Force Vectors: Since cos ez +cos2 B +c0s27 = 1, then 0osy2 = 1 ~ cos260° — cos 120° = +0.7071.
However, it is required that ¥ <90°, thus, Y5 = cos ~}(0.7071) = 45°. By resolving F; and F; into their x, y, and
components, as shown in Figs. a and b, respectively, F; and F,, can be expressed in Cartesian vector form, as

F = ﬂ)ﬂ{is](-ﬂ) +0j+ 60{%)(44:)

= {480 +360k} 1b
F, = 40000s60°i + 400 cos 45°j+400cos 120°k
={200i + 282.84 — 200Kk} Ib

Resultant Force: By adding F; and F; vectorally, we obtain Fg.
F, R =FI + FZ
=(480i + 360k)+ (200i + 282.84j— 200k)
={680i+ 282.84j+ 160k} Ib

The magnitude of Fp, is
Fr = FR).2 +(Fr)y% + (FR)F

= 46807 + 282.842 + 1607 =753.661b="7541b Ans.
The coordinate direction angles of Fp are
[ () e
B= l[%&-z - %%]:e&m Ans
Y= m‘l{%- = msnl[%] =T1.7° Ans.
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2-63. The force F acts on the bracket within the octant
shown. If F = 400 N, B = 60°,and y = 45°, determine the
x,y, z components of F.

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

oosza+mszﬂ+msz‘y =1

cos? & +cos 2 60° +cos2 45°= 1

cosa=+0.5

Since F is in the octant shown in Fig. @, 8, must be greater than 90°. Thus,
@ = cosTX(-0.5) = 120°.

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

be written as
F, = Foos o = 400c0s 120° = 200N Ans,
Fy = Fcos B = 400c0s60° = 200N Ans,
F = Foosy = 400c0s 45° = 283N Ans.

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

Q

%
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*2—64. The force F acts on the bracket within the octant
shown. If the magnitudes of the x and z components of F
are I, = 300 N and F, = 600 N, respectively, and 8 = 60°,
determine the magnitude of F and its y component. Also,
find the coordinate direction angles a and vy.

Rectangular Components: The magnitude of F is given by

F=J};2+;5,2+ﬁ;2
F=.F)002+1"),2+6002

F2 = F,2 +450 000

m

The magnitude of Fy, is given by
F, = Fcos 60°=0.5F )
Solving Eqs. (1) and (2) yields
F =T714.60N =7I5N
F, =387N

Ans.
Ans,

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

is given by

o =cﬂs'l[-_%)= m_‘{%}= 113° Ans.
The third coordinate direction angle is

¥ =ms'l[%-)=ms"( w?ﬁo]=39.2° Ans.

62



2 Solutions 44918 1/21/09 12:01 PM Page 63 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-65. The two forces F; and F, acting at A have a
resultant force of Fp = {—100k}lb. Determine the
magnitude and coordinate direction angles of F,.

Cartesian Vector Notation ;
Fg = {-100k} b

F, = 60{~cos 50°cos 30°i +cos 50°sin 30°j-sin 50°k} Ib
= {—33.40i + 19,28 - 45.96k} Ib

F;=(R,i+K j+E k} b
Resultant Force :
B =F +F
-100k = { (&, -33.40) i+ ( §, +19.28) j+ (K, -4596) k}
Equating i, j and k components, we have

£, -33.40=0 £ =33.401b
B +1928=0 £ =-19.280b
E -4596=-100 £ =-54.041b

‘The magnitude of force F; is

= /33,402 + (~19.28) + (=54.04)°
=66.391b=66.41b Ans

The coordinate direction angles for F; are

cos @= % = % a=59.8° Ans
E -19.28

mﬁ=f=?if@_ f=107° Ans

wrReTm e
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2-66. Determine the coordinate direction angles of the
force F; and indicate them on the figure.

Unit Vector For Foce R

ug =—cos 50°cos 30° +cos 50°sin 30°) - sin 50°k
=-0.5567i +0.3214j - 0.7660k

Coordinate Direction Angles : From the unit vector obtained

above, we have
cos @=-0.5567 a=124° Ans
cos f=03214 A=713° Ans
cos y==07660 r=140° Ans
2-67. The spur gear is subjected to the two forces caused z

by contact with other gears. Express each force as a
Cartesian vector.

F2 =
1 24
F= E(ﬁ)}—g(ﬂks {14.0j-48.0k} b Ams

E; = 180 cos 60°1+ 180 cos 135°)+ 180 cos 60°k

= {90f- 127+ 90k} b Ans

*2-68. The spur gear is subjected to the two forces caused
by contact with other gears. Determine the resultant of the
two forces and express the result as a Cartesian vector.

Fpy = 180 cos 60° = 90

Fay = %(50)1- 180 cos 135° = -113

24
Fe =-§($0)+180m60’=4.2

Fp = {901~ 113j+42k} b Ans
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2-69. If the resultant force acting on the bracket is z
Fr = {—300i + 650j + 250k} N, determine the magnitude
and coordinate direction angles of F.

Force Vectors: By resolving F and F; into their x, y, and z components, as shown in Fig. a.
F and F, can be expressed in Cartesian vector form as
F; = 750 00845° cos30°(+i) + 750 cos 45°sin 30°(+j) + 750sin45°(—k)
= [459.28i + 265.17j~ 530.33k]N
F = F cosoi + Feos ffj+ Foos 1k

Resultant Force: By adding F; and F vectorally, we obtain Fg . Thus,
FR =F1 +F
~300i + 650§+ 250k = (459.28i + 265.17j— 53033k )+ (Fcos i+ F cos@ j+ Feos 6k )
—300i + 650+ 250k = (459.28 + F cosf) )i+ (265.17+ Fcos 6, )j+ (Foos 8, —53033)k

Equating the i, j, and k components,
-300=459.28+ Feos
F cosax = -759.28 U]

650 = 265.17+ F cos
Foosf =384.83 @

250 = F cosy —530.33
F cosy =78033 (&)

Squaring and then adding Egs. (1), (2),and (3), yields
F2(cos2a + cos? B +cos 2y) =1333 518.08 @

However, cos2 a +cos2 B + cos2y = 1. Thus, from Eg. (4)
F =115478N =1.15kN Aus.

Substituting F = 1154.78 N into Egs. (1), (2), and (3), yields
a=131° B=705 y =415° Ans.
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2-70. If the resultant force acting on the bracket is to be z
Fr = {800j} N, determine the magnitude and coordinate
direction angles of F.

Force Vectors: By resolving Fj and F into their x, y, and zcomponents, as shown in Figs. band c,
respectively, F; and Fcan be expressed in Cartesian vector form as
F) = 750c0s45° c0s30°(+i)+ 750 cos 45°sin 30°(+j) + 750sin45%(-k)
=[459.28i + 265.17j— 530.33k]N
F= Foosad+ Foos ffj+ Feosk

Resultant Force: By adding F; and F vectorally, Figs. a, b, and ¢, we obtain Fp. Thus,
FR =F1 +F
800 = (459.28i + 265.17j— 530.33k)+ ( Fos 0i + F cos flj+ Foos 1k)
800j= (459.28+ Feosx )i+ (265.17 + F cos 8) j+(Fcos y = 53033k

Equating the i, j, and k components, we have
0=459.28 +F, cosax
F coser = -459.28 (O]

800 = 265.17+ F cos 8
Foosp = 53438 @

0= F cosy —530.33
ch]’ =530.33 3

Squaring and then adding Eqs. (1), (2), and (3), yields
F2(cos2a + 0os2 B +00s 2y) = 778 235.93 @

However, cos2 & +cos2 B + cos2y = 1. Thus, from Eq. (4)
F =882.17TN =882N Ans.

Substituting F = 882.17 N into Egs. (1), (2), and (3), yields
a=121° B=52T7 y=53.0° Ans.

Z

66



2 Solutions 44918 1/21/09 12:01 PM Page 67 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-71. If o =120°, B < 90°, y = 60°, and F = 400 Ib, z
determine the magnitude and coordinate direction angles
of the resultant force acting on the hook.

Force Vectors: Since wsza+m2ﬁ +ouszy =1, then cos 8 =£Jl—ooszl2.0"—oos260° = #).7071.
However, it is required that § < 90°,thus, § = cos~1(0.7071) = 45°. By resolving F and F; into theirx, y, and 2
components, as shown in Figs. aand b, respectively, F; and F,, can be expressed in Cartesian vector form as

F= ax{is Ixim’(+i)+60t{:;- Iuﬁ0°(+j)+ ax{%)(_k)

= {240i +415.69j— 360k} b
F = 400c0s 120°% + 40000845 + 400008 60°k
= {-200i + 282.84j+ 200k} Ib

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

=(40)2 +(698.53)% + (-160)? =717.741b="7I81b Ans.

The coordinate direction angles of Fy, are

o =cosd % =m_l[l)=3ﬁ8° Ans.
Fg T17.74

ﬁ = m_l m =008 ﬁ’i) =133° Ans.
Fe 71774

Y= m_l[gg—i]= ms"[ =160 ): 103° Ans.
Fp 717.74
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*2-72. 1If the resultant force acting on the hook is b4
Fr = {—200i + 800j + 150k} 1b,determine the magnitude
and coordinate direction angles of F.

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

4). 4 3
F, = m{?]mmﬂ(ﬂn 600{'-5-)00330°(+])+6(I{;}-k)
={240i + 415.69j-360k} Ib
F = F cosai+ Foos fj+ Foosk

Resultant Force: By adding F; and F5 vectorally, we obtain Fp . Thus,
Fp =F+F
=200i + 800+ 150k =(240i +415.69j=360k ) + (Fcos i+ F cos ,j+ Foos 6,k)
—~ 200i+800j+ 150k = (240+ Fecos )i +(415.69 + F cos B)j+ (F cosy —360)%k

Equating the i, j, and k components, we have
~200 = 240+ Fcos 6,
F cosat = -440 )

800 = 415.69 + F cos
F cos =38431 @)

150 = Fcosy — 360
F cosy =510 3

Squaring and then adding Eqgs. (1), (2), and (3), yields
F2(cos?a + cos? B +cos 2y) = 601392.49 @

However, cos? o +cos? B+ cos?y = 1. Thus, from Eq. (4)
F =TI549N =TI5N Ans.

Substituting F = 775.49 N into Egs. (1), (2), and (3), yields
=125 Pp=603° y=489° Ans.

(A
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e2-73. The shaft § exerts three force components on the
die D. Find the magnitude and coordinate direction angles
of the resultant force. Force F, acts within the octant shown.

B = 400i
Then

Since cos 60 + cos® B, + cos® 60° = 1
C FBR=F +B +Fy = 5500+ 521} + 2710k

Solving for the positivercot, B, = 45°

. ° Fa = /(S50 + (521F + (2707 = 6149N =615SN  An

F; = 300 cos'60° I + 300 cos 45° j + 300 cos 60°k )
o= m‘l(-ss—o.) = 26.6° Ans

= 150§ + 212.1§ + 150k : " 6149 '
= 4 = ooe! 's'z.l)
K= —200(3)1 . zoo{-:-)n ‘L B=ox (2] =851 Ans

-160] + 120k ' "(3’9-) = 644
= i _ T=os (5] = 6407 Ams

2-74. The mast is subjected to the three forces shown.
Determine the coordinate direction angles «q, B1,7y; of

F, so that the resultant force acting on the mast is
Fr = {350i} N.

. @y

¥, = 500 cosey § + 500cosB,j + 500 cosy, k — -
F;=300N

F; =F, + (-300§) +(-200K)
3501 = 500 cosor; i + (500 cosP, — 300)j + (500 cosy, — 200)k . YE, =200N
350 = 500 cosc,; a; = 45.6° Ans
0 = 500cosf, — 300; By = 53.1° Ans .
0 = 500cosy, — 200; ¥, = 664° Ans
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2-75. The mast is subjected to the three forces shown.
Determine the coordinate direction angles «q, By, y; of

~N

F, so that the resultant force acting on the mast is zero. F,
Y1
Ty
F, = { 500 cosr; § + 500cosB,) + 500 cosy, k} N
. aq
= {200k} N ' T - B
. Fy=300N
K = {-300)} N y
YE, =200N
Fp=FK +E +K =0 X
'500cose; = 0; Toy =90° Ans
500c0sf; =300; B, = 53.1° Ans
500c0sy, = 200; 1 = 66.4° Ans
*2-76. Determine the magnitude and coordinate b4

direction angles of F, so that the resultant of the two forces
acts along the positive x axis and has a magnitude of 500 N.

F, = (180 cos 15°) sin 60° | + (180 cos 15°) cos 60° } — 180sin 15°k

=150.57i+86.93]-46.59k X
E=hRceowsxmi+ Reoshj+rReosnk A= 180N
Fr = (5000} N
R=FK +8
i components :
500 = 150.57 + R cos oz

Ry=Ffcosa = 349.43

Thus,
J components :
0=8693 + Rcosfy R = JRi+Rj+FRi = {(349.43) + (-86.93)% + (46.59P
R, =R cos p = -86.93 K= 363N Ans
k components : o = 15.8° Ans
0= -4659 + Rcosp B = 104° Ams
R,=Rcosy = 46.59 7= 826 Ans
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¢2-77. Determine the magnitude and coordinate direction z
angles of F, so that the resultant of the two forces is zero.

Fi=180N

P, = (180 cos 15*) sin 60° | + (180 cos 15°) cos 60° ] ~ 180sin 15°k
=150.571+86.93 }-46.59k

BeResmi+ Roshj+ Roosnk

=t
| components : k components !
0=150.57+5 cos @ 0= —46.59+ 5 cos
£ couy =-150.57 Fi cou 1 =46.59
componena: B = /TS0.577 + 36937 + (6.7
0=8693+K cos
B cos B, = 8693 Solving,
K =180N Ans

ay = 147° Ans
B = 119* Ans

7 = 75.0° Ang
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2-78. If the resultant force acting on the bracket is directed z
along the positive y axis, determine the magnitude of the
resultant force and the coordinate direction angles of F so
that B < 90°.

X

Force Vectors: By resolving F; and F into their x, y, and zcomponents, as shown in Figs. a and b,
respectively, Fj and Fcan be expressed in Cartesian vector form as
F} = 600c0s30°sin30°(+1)+ 600 cos 30°cos30°(+j) + 600sin 30°(-k)
={259.81i+ 450§~ 300k} N
F = 500cos ai + 500ccs fj+ 500cospk

Since the resultant force Fj, is directed towards the positive y axis, then
Fp = Fpj
Resultant Force:
Fg =F; +F
Fgj =(259.8li + 450j — 300k)+ (500 cos 8, +500 cos 8y, j + 500 c0s B,k )

Fpj=(259.81 + 500cos @)i + (450+ 500c0s B )j+ (500c0sy —300)k

Equating the i, j, and k components,

0= 259.81+ 500coscx

a=12131°=121° Ans.
Fg =450+ 500c0s 8 1)

0= 500cosy — 300

y =53.13° =53.1° Ans.

However, since cos?al +ooszﬂ -H:nszy =1, a=121.31°%and y = 53.13°,

008 B =+l -0c0s2 121.31° - 0082 53.13° = 10.6083

If we substitute cosf§ = 0.6083 into Eq. (1),
Fg = 450 +500(0.6083)= 754 N Ans. T
and
B = cos 1 (0.6083) = 52.5° Ans.
%
(&)
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2-79. Specify the magnitude of F; and its coordinate
direction angles a3, B3,7y3 so that the resultant force
Fr = {9} kN. F, = 10kN
F;
'}’/ 13/]5
LB /12
s /
I y
30°
F, = 12kN
X &
(52

Fi = 12c0s30°j - [25in30°k = 10392 - 6k

12 5
= ——=(10)i + —(10)k = -9. §
B 13( Di + 13( ) 92311 + 3.846k

Require
Fg = Fl + FI + F;
9) = 10392 - 6k ~ 9.231i + 3846k + Fy
B = 9.231i - 1392 + 2.154k 091"

o = -’[E’.'i) =155  Ans
Hence, | 9.581

21 (=1392Y _ og 40
F = J(8231) + (-1.392)% + (2.154) Py = oos [9,531 ) 9847 Ans
F, = 9581kN =958kN  Ans _1(1154)
= —_— ) =710r Ans
Y = \osa
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*2-80. If F5 = 9 kN, 6 = 30°,and ¢ = 45°, determine the
magnitude and coordinate direction angles of the resultant
force acting on the ball-and-socket joint.

respectively, F, F» and F3 can be expressed in Cartesian vector form as
Fj = 10cos 60°in30 (1) + 10 cos 60° cos30° (+ j) + 10sin 60°(—k)
={-2.5i + 4.330j - 8.660k} kN

3 4
Fy=8/ = [-i)+0 od
2 E{s} )+ j+{s}+k)
={-48i+ 6.4k }kN
F3 = 9cos 45%in30°(+ i)+ 9c0s45°c0s30° () + 9sin 45°%(—k)

={3.182i - 5.511j-6.364Kk} kN

Resultant Force: By adding F;, Fy and F; vectorally, we obtain Fg. Thus,
FR = Fl + Fg + F3

={-4.118i—1.181j-8.624k} kN
The magnitude of Fy, is

Fr = (FR)x> +(Fr)y” +(FR);
—4(4.118)% + (—1.181)% + (-8.624) = 9.630 kN =9.63kN Ans.

The coordinate direction angles of Fp are

a=cos! ) | m‘l(——_4'118]= 115°
| Fr | 9.630

B (FR)y zmﬂ{ -1.181]= Srph
| Fr | 9.630

y= cos—! (FR); =m-—l("&62‘4]= 154°
. Fr | 9.630

= (~2.5i+ 4330 — 8.660k) + (—4.8i + 6.4K) + (3.182i - 5.5 1j - 6.364k)

Force Vectors: By resolving Fj, F; and F; into their x, y, and z components, as shown in Figs.

¥

(c)
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¢2-81. The pole is subjected to the force F, which has z
components acting along the x, y, z axes as shown. If the
magnitude of F is 3 kN, B = 30°, and y = 75°, determine F,
the magnitudes of its three components. A
cos’ @ + cos’ B+ cos® y=1 —y F
TP F,

cos® a+ cos*30° + cos®75° = 1 >

| o
a = 64.67° ' /'

F,
E = 3c0s64.67° = 1.28 kN Ans /

E = 3 c0830° = 2.60 kN Ans *
E, = 3¢c0875° = 0.776 kN Ans J L
SES

2-82. The pole is subjected to the force F which has b4
components F, = 1.5kN and F, = 1.25kN. If B = 75°,
determine the magnitudes of F and F. F,

A

<~y F

P F,

cos’a + cos’B + cos’y = 1

1.5\? 125\% -
(5w (-

F=202kN

g

E, = 2.02 cos75° = 0.523 kN Ans
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2-83. Three forces act on the ring. If the resultant force Fp z
has a magnitude and direction as shown, determine the
magnitude and the coordinate direction angles of force F;. -
3
Fr=120N
Cartesian Vector Notation : F,=110N
Fr = 120{cos 45°sin 30° + cos 45°cos 30°) + sin 45°k} N
= (42.43i+73.48) + 84.85k} N
F) = 80 Ndg 3 45°
4 3 3 i Y
—i+-k}N= 34
F, aw{5l+sl}N {64.00+48.0k} N e
F; ={-110k} N
F, =(K,i+K j+K k} N
X
Resultant Force :
Fp=F+K+F
{42.431+73.48)+ 84.85k }
={(64.0+K,)i+F j+(480-110+F )k}
Equating i, j and k components, we have
64.0+F =4243 R, = -21.5TN
F =T7348N
48.0- I10+E,. =84.85 5. = 14685 N
The magnitude of force F, is
R = 1“'?; +E"; +f';=.'
= y/(<21.57)7 +73.482 + 146.852
=165.62N=166 N Ans
The coordinate direction angles for F, are
F -21.57
—t O e 97.5° Ans
Ry S T3] a=
F, 7348
oL O gt 63.7° Ans
cos =2 = 5@ A=
K, 14635
=l B — 27.5° Ans
SR " 16562 e
*2-84. Determine the coordinate direction angles of F; z
and Fp,.
F;
Unit Vector of F, and Fy : Fr=120N
F,=110N
4I + 3It. 0.8i + 0.6k
up = =i+<=k=0, .
i™s"s
up = cos 45°sin 30°i + cos 45°cos 30°) + sin 45°k F,=80N, B 45°
=0.3536i +0.6124j+0.7071k 3|4 i Y
30°
Thus, the coordinate direction angles F; and Fy are
cos ay =0.8 ay, =36.9° Ans
cos g =0 By, =90.0° Ans
cos 75 =0.6 Ys =53.1° Ans
X
cos ap =0.3536 ap =69.3° Ans
cos By =0.6124 B, =52.2° Ans
cos Y =0.7071 7y, =450° Ans
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*2-85. Two forces F, and F, act on the bolt. If the resultant z
force Fy has a magnitude of 50 Ib and coordinate direction

angles @ = 110° and B = 80°, as shown, determine the

magnitude of F, and its coordinate direction angles.

(1) = cos*110° + cos*80° + cos®¥

y = 157.44° Js0°
Fp=F +F
50 cos110° = (B),

50 cos80° = (),

Fr=501b
50 cos157.44° = (B), — 20

(B), = -17.10

(B), = 868

(B), = -2617

E = {(-17.10)2 + (8.68)2 + (-26.17)2 = 324 Db Ans
I /5 [ R,

o = cos (—32'4 ) =122 Ans

B, = cos (324) = 74.5° Ans
o ,=2617 .

Y2 ("—"'—32.4 ) =144 Ans

2-86. Determine the position vector r directed from point
A to point B and the length of cord AB.Take 7 = 4 m.

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

The length of cord AB is

4B =J;~3}2+62+22=7m Ans.
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2-87. If the cord AB is 7.5 m long, determine the
coordinate position +z of point B

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

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

rag =15=Y(B3) +62 +(:—2)°

56.25=45+(z-2)2
z—-2=43354
z=535m Ans.

*2-88. Determine the distance between the end points A z
and B on the wire by first formulating a position vector
from A to B and then determining its magnitude.

3in
<
B y
60°
8 in.

ﬂ f

21in.
X '
B

ta = (Bsin60°—(~3s5in30°)) I+ (Bcos 60° ~ 3cos 0% + (=2 - 1k

Tag = (84281 + 1.402) - 3 k) in.

ra = (8.428) + (1.402F + (-3P = 9.06in. Ans

78



2 Solutions 44918 1/21/09

12:01 PM Page 79

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

*2-89. Determine
direction angles of the resultant force acting at A.

the magnitude and coordinate

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

ap =T o _(G-0i+(3-0j+Q5-4k
B JB-0)%+(-3-0)+(2.5- 4°
2. 2. 1
=333k
X __(2-0i+@-0)j+(0-4)k
¢ c J 2 2 2
(2- 0% +(4-0)2 +(0-4)
1, 2. 2

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

B(3,-3,25)f¢

2.2, 1
FB=FBuB=60({-§i_-§j_3k]={400i—400j—200k}lb Ans.
1, 2, 2 . .
Fo =Fpup =7 5 +;j—§'k = {250i + 500j— 500k} 1b Ans.
Fp = Fp +F¢ = 400i — 400j — 200k + 250i + 500§~ 500k
Fg ={650i+ 100~ 700k} Ib
Fg = 46502 + 1007 + (=700) = 960 Ib Ans,
i (Fr s -1 650
= oF 323 — |=474° Ans.
aoos-FR}Dos[%oJﬂ‘l
[ (FR) ~1( 100
— oos | FRy | -1 100 = 84.0° Ans.
pen| e (55)-4
yzms—‘-ﬂl =oos ] 2137 Ans.
| Fr 960
I WBW
8

4 ft

3 ft

0
2.5 ft/\T

SN

T = 6001b
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2-90. Determine the magnitude and coordinate direction
angles of the resultant force.

e = (-2j-4klm; rp=44T2m

Gy = [""—‘] = - 0.447] - 0.894k
Fan

Fag = 600u,5 = (~268.33 ] ~ 536.66 kN

fac = (41 +6)-4 k)m; rae=8.246m
e = (ﬂ] = 0.4851 + 0728 - 0.485 k
Fac

Fic = 500u,c = {242.541 + 363.80 ] - 242.54k|N
Fr = Fag + Fyc

Fr = (242.541 + 95.47 ) - 779.20k}

Fa = (242587 + (95.477 + (-779.20) =821.64= 822N Ans

& = cos
ﬁ=°u“(

o

——) 2833 Ans

)1:162' Ans

z
2m
A
B >
4m
8 m c
)nn.s" Ans
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2-91. Determine the magnitude and coordinate direction
angles of the resultant force acting at A.

Force Vectors: The unit vectors u g and ac of Fp and Fo must be determined first. From Fig. a
rp _ (4.55in45°=0)i+(=4.5c0845° = 0)j+(0 =6)k

B J455ind5°—0) +(~4.5c05 45° - 0) + (0 —6)2
= 0.4243i - 0.4243j- 0.8k
ag =T - (B-OI+(C6-0j+0 -6k
c J(—3—0)2+(-6—0)2 +(0-6)2

12, 2
=73 373k

HB=

Thus, the force vectors Fg and F- are given by
Fp = Fgu g = 900(0.4243i - 0.4243j— 0.8k) = {381.84i—381.84 j— 720k }N

Fr =Fuc = m({—gl'—%j—-;-k)={—200i— 400§~ 400k }N

Resultant Force:

Fg =Fp +Fc =(381.84i - 381.84 j— 720k) + (~200i — 400§ — 400k)
={181.84i-781.84j— 1120k} N

The magnitude of Fp is
Fr = (FR)s% +(Fr)y? + (Fp)7?

=J(181.84)2 +(~781.84)2 +(-1120)2 =1377.95N =1.38kN Ans.

The coordinate direction angles of Fp are

o =txs_l[ﬂz—)5—]=m*l( 181.84 ]=814° Ans.
Fr 1377.95
F =
B= -n[( R)y} _x[ 731.34)2125, Ans.
Fr 1377.95
o[ FR) ) -11200)
Y = cos [ e =008 | e = 144 Ans.
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*2-92. Determine the magnitude and coordinate direction b4
angles of the resultant force.

(™ -lmG)sﬂM{)"i + moG)muoq - lm(;)k

= {-38.5671 + 45.963 ) - 80k} Ib

F=1001t
4 7 4
81| = 0l==-j--=

B= (9 54 93]

= {36 1-63j -~ 36k }b &

Fe=aF, +B = (~2.5671 - 17.04) - 116.0k} b

y
X

Fa = (=2.5670 + (-17.047 +(=116.0) = 117.271b = 1171b  Ans

a=cos™ G-%) =91.3°  Ans

-17.04

ﬂam" (ﬁ,ﬁ?—)=9&4‘ Ans

y=cos™ (ﬁﬁ‘?) =172° Ans
¢2-93. The chandelier is supported by three chains which z

are concurrent at point O. If the force in each chain has a
magnitude of 60 lb, express each force as a Cartesian vector
and determine the magnitude and coordinate direction o)

angles of the resultant force. r
B
Fe
(4cos30°i — 45in30°j - 6 k) Fy

F‘ =60 =
J(dcos 3097 + (~4sin 30°F + (- 6)?

= [28.8i—-16.6j - 499k} b Ans

. 120° "1200\ 4 ft C
B = 60 (—4c0830°i - 45in30°j - 6k) 1200/
(= 4005 30°2 + (-4sin30°% + (- 6§ A

= (-2881~16.6j - 49.9k}Ib  Ans B =1501b Ans

(4j-6k)

Fo= 60—t e a=9%"  Ans
¢ (4) + C 67 x
: B=9° Ans
= (33.3) - 49.9k} b "Ans
, ' 7= 180> Ans
Pﬁ =F + Eg_ +F = {--149.8k}1b ) :
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2-94. The chandelier is supported by three chains which z
are concurrent at point O. If the resultant force at O has a

magnitude of 130 1b and is directed along the negative z axis,

determine the force in each chain. o

Fg
= 0.5547 Fj — 0.8321 Fk Fc
Fy

(4] - 6k)

Fc=F
V& + (- 6)?

E,

Fg =FC B

Fa =IF;  130=3(0.8321 F) 00 1200 45\ C

F=521llp Ans Y Ve

2-95. Express force F as a Cartesian vector; then z
determine its coordinate direction angles.

Unit Vector : The coordinates of point A are A

F=1351b
10 ft

A (=10cos 70°sin 30°, 10cos 70°cos 30°, 10sin 70°) ft A0°

=A(-1.710, 2.962, 9.397) ft

30°
/ y
Then Yz
tas = ([5-(=1.710) )i+ (~7-2.962) j+ (0~-9.397)k} ft o
= {6.710i -9.962j~9.397k} ft B o

ras = ¥ 6.7108+(=9.962)* +(=9.397)* = 15250 ft

o Fag _ 67100-9.962)-9.397k x
B e 15.250

= 0.4400i - 0.6532 - 0.6162k

Force Vector:

F = Fu, 5 = 135{0.4400i - 0.6532j - 0.6162k} 1b
={59.4i-88.2j-83.2k} b Ans

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

cos a = 0.4400 a=63.9° Ans
cos f=-0.6532 B=131° Ans
cos ¥ =-0.6162 r=128° Ans
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*2-96. The tower is held in place by three cables. If the
force of each cable acting on the tower is shown, determine
the magnitude and coordinate direction angles «, 8,y of
the resultant force. Take x = 20 m, y = 15 m.

0. 15, %

F, = . — o —

o '00{34.65' MY 34.661‘) N
. 4 . 2

Fpy = i -

o8 8“”{25.05 * 5060 25.05'9 N

16, 18
Fp = — = e}
be = 600(H - 33 34"_)M

B aFy +F + F¢

= {321.66i — 16.82j — 1466.71k} N

B = y(32166)2 + (-16.82)2 + (~1466.71)2
= 1501.66 N = 1.50 kN Ans

321.66
a = R [ttt = K
co8 (1501.66) 77.6° Ans

_ o -1682 .
B = cos (1501.66) %0.6 Ans

_ 146671 .
7= o8 (1501.66) 168 Ans
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¢2-97. The door is held opened by means of two chains. If
the tension in AB and CD is F 4, = 300 N and F¢ = 250 N,
respectively, express each of these forces in Cartesian
vector form.

Unit Vector : First determine the position vector r , s and fep. The coordinates of
points A and C are

A[0, =(1+ 1.5cos 30°), L.Ssin 30°*] m=A (0, ~2.299, 0.750) m
C~2.50, = (1+1.5cos 36°), 1.Ssin 300°] m = C(=2.50, —2.299, 0.750) m

Then
rys = {(0=-0)i+[0—(-2.299)] j+(0-0.750)k} m
={2.299]-0.750k} m
reg = ¥ 2.2992 +(~0.750)* =2.418 m

ris _ 2.299j-0.750k
wgp = 22 = S =0.9507) - 0.3101k

rep = {[~0.5= (=2.9)]i + [0~ (-2.299)1j+ (0= 0.750) k} m
= {2.00i +2.299§-0.750k} m
rep = ¥ 2.002 +2.2992 + (<0.750)* = 3,138 m

ugp = 12 = 200+ 22990 0.150K _ 4 63731 +0.7326} - 0.2390k
oo 3.138

Force Vector:

F, = Fyu,s = 300{0.9507}-03101k} N
= (285.21j-93.04k} N
= (285j-93.0k} N Ans

Fe = Fucp = 250{0.6373i +0.7326j - 0.2390k} N
= {159.33i + 183,15) - $9.75k} N
= {159+ 183j-39.7k} N Ans

2-98. The guy wires are used to support the telephone
pole. Represent the force in each wire in Cartesian vector
form. Neglect the diameter of the pole.

Unit Vector :
tac = {(-1-0)i+(4-0)j+(0-4)k} m= {~li +4j-4k} m Force Vector :
=V (=D} +8 +(~4)* =5745m F, = Fyu,c = 250{=0.1741i +0.6963) - 0.6963k} N
uyo= A€ o UK 2a1i+0.6963) - 0.6963k = {~43.521 +174.08) - 174.08k} N
Te | 5145 = {=~43.51 +174) = 174k} N Ans
o = {(2-0)i+(=3-0)j+ (0-5.5)k} m= {21 -3} ~55k} m F, = Rugp = 175{0.3041i - 0.4562) - 0.8363k} N
rap = ¥ 22 +(=3)*+(-5.5* = 6576 m = {53.221 - 79.83) - 146.36k} N
fap 21-3j-5.5 = {53.21-79.8) - 146k} N Ans
= —2 =0.30411 - 0.4562) - 0.8363k
Tap 6.576

85



2 Solutions 44918 1/21/09 12:02 PM Page 86 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-99. Two cables are used to secure the overhang boom in
position and support the 1500-N load. If the resultant force
is directed along the boom from point A towards O,
determine the magnitudes of the resultant force and forces
Fpand F..Setx = 3mand z = 2 m.

Force Vectors: The unit vectors u g and uc must be determined first. From Fig. a,
B _ (=2~ 0)i+ (0= 6)j+ (3= Ok =—%l—g—j+%k

ag =
B J(2-02+(0-6)+(3-0?

np =X o B-OI+O-6§+@ -0k _3, 6. 2,
c= = = ——— -
t  Je-02+0-62+2-02 1 T 7

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

2 6 3
= =-=Fgi-— = Fgk
Fp =Fgup =-ZFpi-ZFpj+ 5 Fp
3 6 2
Fe =Fpue ==Fci—-=Fcj+=Fck
e wlove »slel-lch o le
Since the resultant force Fp is directed along the negative y axis, and the

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

Resultant Force: The vector addition of Fg , F-, and W is equal to Fg . Thus,
F.R =FB +Fc+w
2 6 3 3 6 2
~Fpj=|—-=Fgi-— - =Fci-— =Fck |+(-1500k
Fnj ( TFsl TFBJ"'?FBk)"'[?FCl TFC1+7 Yol ] ( )
2 3 6 6 3 2
—Fpj=|-= - ——fFp~= +|=Fpg + = - 1500
Frj [ .,Fs'*.,l"c)“'( 5B .,Fc].l [?Fs 5 ]ﬁ

Equating the i, j, and k components,

2 3

i 2F 1

0 7FB+7 C 1
6 6

s 0 2

Fr .'.Fa e 2

3 2

== =F¢r -1500

0 TEB +7FC 1 3

Solving Egs. (1), (2), and (3) yields
Fc = 161538N = 1.62kN
Fp = 2423.08 N =2.42kN
Fr =3461.53N = 3.46kN
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*2-100. Two cables are used to secure the overhang boom
in position and support the 1500-N load. If the resultant
force is directed along the boom from point A towards O,
determine the values of x and z for the coordinates of point
C and the magnitude of the resultant force. Set
Fp = 1610 N and F- = 2400 N.

Force Vectors: From Fig. g,

(=2=0)i+(0=6)j+(3— 0k 2 6 53

rp

Up =—== =—=ji-=j+=k
B J2-02+0-6)+(3-0)> L

== (x—0)i+(0-6)j+(z-0k _ x i 6 §+ H K
T Jx-02+0-62+(z-0 AP +:°436 x>+:°436  fx’+22+36

Fp =Fgug = I61€{—%i-%j+%k]= [-460i - 1380+ 690k ]N

Fc = Fpue =14|’.I{ = i- - j+ z
V2 +22436 Y2 +:2436  x2+:2+436 e(3,02)m
s 2400x i 14 400 j+ 2400:
¥i2+22436  ox2 422436 ox2+:2436 Te

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

x
Fr =-Frj and W =[-1500k]N
Resultant Force:
F.R =Fa +FC +W
~Fgj=(~460i— 1380j+690k )+ - ——_ L. _—. 200: k| +(-1500K)
"):2+32+36 'J.t2+:2+36 4x2+:2+36

2400x 14 400 2400z
-Fpj= -460 li— +1380 |j+| 690+ —ISD()]I;
[J.r2+:2+36 } {{tz+:2+36 ] [ Iz+:2+36

Equating the i, j, and k components,
2400x 2400x
0=— 2 460 = 460 m
J;2+;2+35 1:2+:2+36
14400 14400
~Fg = | e+ 1380 FR = —m—ee + 1380 @
{J:2+:2+36 ] Jx2+:2+36
0=690+—225___ 1500 B =810 3
V2422436 £1+:2+36
Dividing Eq. (1) by Eq. (3), yields
x=0.5679:z 4)
Substituting Eq. (4) into Eq. (1), and solving
z=2197m=220m Ans.
Substituting z= 2.197 minto Eq. (4), yields
x=1248m=125m Ans.
Substituting x = 1.248 m and = = 2.197 m into Eq. (2), yields
Fgr =3591.85N =3.59kN Ans.
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¢2-101. 'The cable AO exerts a force on the top of the pole z

of F = {—120i — 90j — 80k} Ib. If the cable has a length of A

34 ft, determine the height z of the pole and the location 2 ——
(x,y) of its base. F/

A
b

F = /(~120)? +(~90)* + (-80)* = 170>

F 120 90 80
U == O m— --.-.l-_.
F 170 170 170

r=3u=(-241-18) - 16k} R

Thus,

x=A4R Ans
y=18f Ans
z=16ft Ans
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2-102. If the force in each chain has a magnitude of 450 Ib,
determine the magnitude and coordinate direction angles
of the resultant force.

Force Vectors: The unit vectorsu 4, u g, and uc must be determined first. From Fig. a,
(=3sin 30° = 0)i+(3c0s30°= 0)j+ (0 =7k

ay = = -0.1970i+0.3411j- 0.9191k
‘J(-SsinSO"-ﬂ)z +(300830°=0)2 +(0-7)2

np =230 O+ (Boos -5+ O-TK__ _019701-03411§-09191k
¥(35in30° - 0)% + (~3c08 30° - 0)% + (0 7)?

uc =0+ O- 0+ Ok __ 3939 0.9191k

(3-0)% +(0-0)% +(0- 7%

Thus, the force vectors F4 , Fp, and F are given by
Fj = Fyu 4 = 450(-0.1970i + 0.3411j—0.9191k) = {~88.63i + 153.51j - 413.62k} Ib
Fpg = Fgu g = 450(-0.1970i - 0.3411j—0.9191k) = {-88.63i - 153.51j~413.62k} Ib
Fe = Fpue =450(0.393% - 0.9191k) ={177.26i - 413.62k } Ib

Resultant Force:

Fg =F4 +Fp +F( = (-88.63i+ 153.51j—413.62 k) + (-88.63i — 153.51j— 413.62 k) + (177.26i — 413.62k)
={=1240.85k} Ib

The magnitude of Fp, is

Fr = f(FR):2 + (Fr)y? +(FR).2

=402 + 0% + (~1240.85)2 = 1240.85 1b = 1.24 kip Ans.

The coordinate direction angles of Fg, are

—oos | (FR)x | 4( 0 )=
@ = cos [FR cos T35 90° Ans.
[ (Fr) _ 0
2@ 1 Y l_ — OoNe
Resw [—p;r}““ ‘[m)”" Ana.
—oe-l| FR)z | 1 ~124085) _
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2-103. If the resultant of the three forces is
Fr = {—900k} b, determine the magnitude of the force in
each chain.

Force Vectors: The unit vectors u 4 , u g, and u must be determined first. From Fig. a,

uy =N 30 Ol Goos 30— OO DK - _0.19701+0.3411)— 0.9191Kk

¥(=35in30° - 0)2 + (3c0s 30° — 0)2 + (0 —7)>

WSS =R (B ok 30— O+ D10 o <1090 0341150811k

(=35in30° = 0)2 + (~3c0s 30° — 0)2 +(0— 7)°
(3-0)i+(0— 0)j+(0 -7k

J(s— 0)2 +(0-0)% +(0-7)%

Thus, the force vectors F4 , Fg, and F are given by
Fj = Fyu 4 = —0.1970F 4i+ 0.3411F 4 j— 0.9191F gk
Fp = Fgu g = -0.1970F gi — 0.3411Fg j— 0.9191Fgk
Fe = Fpue = 0.3939Fci—0.9191Fck

= 0.3939% - 0.9191k

Resultant Force: The vector addition of F4 , Fp, and F is equal to Fg. Thus,
Fgr =F4 +Fp+F¢
~900k = (—0.1970F, i+0.3411F4 j~0.9191F4 k) + (-0.1970 Fgi— 0.3411F g j— 0.9191 Fg k) + (0.3939F¢i - 0.9191 Fc k)
~900k = (—0.1970F —0.1970Fg +0.3939 Fp )i +(0.3411F 4 — 0.3411Fg )j+ (-0.9191F4 —0.9191Fg — 0.9191F )k

Equating the i, j, and k components,

0 = —0.1970F, —0.1970 Fg + 0.3939F )
0=0.3411F, —0.3411F 2
~900k = -0.9191F4 — 0.9191Fg — 0.9191F¢ €)

Solving Egs. (1), (2),and (3), yields
Fy =Fg =F =3261b Ans.
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*2-104. The antenna tower is supported by three cables. If
the forces of these cables acting on the antenna are
Fp =520N, Fc = 680N, and Fp = 560 N, determine the
magnitude and coordinate direction angles of the resultant
force acting at A.

[ /7] 10 24
n =sm[ )= SM(-EJ - z—ﬁu) = =200 - 480k

Tan

Fe =sso{"—‘J= aau(Eu Ej-z—‘k) = 3200+ 360 - 480k
TR VARV

Fac
r,-seo['ﬁ)n -'—2|+-’—j-2—4u]=~m1+ 160§ - 480k
TaD 28 28 23

Fp = IF = (804 + 320§ - 1440k} N

Fp = /(807 + (3201 + (- 1440) = 14773 = L48kN Ans

80

-—-—) = 869° Ans
1477.3

oo

= m"(ﬁ%’;) 2775 Ans

y = eon“(—;;?:) = 167° Ans
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¢2-105. If the force in each cable tied to the bin is 70 Ib,
determine the magnitude and coordinate direction angles
of the resultant force.

Force Vectors: The unit vectorsu 4,0 g, uc andua p of F4 , Fg, Fe and Fp must be determined first.

From Fig. a,

uy =M o Bo0IH(2-0)j+(0- 6k =%I-%j—%k
U J3-02 +(-2- 0% +(0-6)>

wp=o (3-0)i+(2- 0)j+(0 - 6)k 3,2, 8,
B J3-02+2-02+0-62 7 T 7

ne =L o (B0 -0J+O-6 =_%'+%j_g_k
T J3-02+2-02+(0-6)

ap=D o (3-OI+(2-05+O-6k —%1-.;3-;&

D J3-0)2+(-2-0)% +(0-6)

Thus, the force vectors F4 , Fg, Fc and Fpp are given by

3, 2. 6
Fy=Fju, =7({?l~7j—?k]=[30i-— 20§ 60k]1b

Fg =Fgup = 'n{%u ;j— -2k)={301+ 20§ 60k]1b

Fo = Rouc =7{-%i+-§j—-§k)=[—301+20j—60k]]b
3.2 6
FD=FDID= —-:{i—?j—;‘k =l—30i—2ﬂj—60k]|h

Resultant Force:

Fg =F4 +Fg +F¢ +Fp = (30i—20j— 60k)+ (30i + 20j— 60k)+ (-30i + 20 — 60k )+ ( ~30i - 20~ 60k)
={-240k} N

The magnitude of Fg is
Fg = J(FR )2 +(Fr)y? +(FR),”

=Jo+ 0+(~240)% = 2401b Ans.

The coordinate direction angles of Fg are

azccs"[%‘=ms'l[i]=90° Ans,
Fp | 240
8 m-l[m - i]ﬂ,. Ane. z E(@pjb)ff‘
Fg
= oos=l| FR)z | -1 =240 ) _
Tousl[;: —msl(m) 180° Ans. ,
p
D(-3,-2,0)f*
f’h’ &(—3,2,0)}:{'
A(3-2, )t _ o
* (32,004
(2)
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2-106. If the resultant of the four forces is
Fr = {—360k} 1b, determine the tension developed in
each cable. Due to symmetry, the tension in the four cables
is the same.

Force Vectors: The unit vectorsu 4, up, uc andu p of F4 , Fp, Fr and Fp must be determined first.

From Fig. a,
w oA GO 05+O-Ok _3; 2, 6,
a Jo-0t+2-0t+0-62 7 T 7

Tp__(3-0i+(2-0)j+0-6k _3. 2. 6

L A > > e g
B {3-02+2-02+(0-6)

ac oo (-3-0)i+(2-0)j+(0-6)k ——ii+ Ej—-ﬁ-k
© J-3-02+2-02+0-6% | 1 7

_Ip_ _(B3-0i+(2-0§+(0-6k _ 3, 2. 6

ap
m J3-0i2-02+0-67> 7 7T 7

Since the magnitudes of F4 , Fg , Fc and Fp, are the same and denoted as F, they can be written as

3. 2.6
Fqg=Fquy = F{—l——j—-—k]

7 777
3..2. 6
FB = FBIIB =}{?l+1‘7‘j—;‘ ]

Resultant Force: The vector addition of F4 , Fg, Fo and Fp is equal to Fg. Thus,
FR =FA +FB +FC +FD

[ b8

~360k =—-2$-k

Thus,

360=22F F=1051b

* B(s,3,004t
(2D
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2-107. The pipe is supported at its end by a cord AB. If the
cord exerts a force of F = 121b on the pipe at A, express
this force as a Cartesian vector.

Unit Vector : The coordinates of point A are
A(5, 3cos 20°, - 3sin 20°) ft=A(5.00, 2.819, - 1.026) £t

fas = {(0-5.00)i+(0-2819)j+([6~(~1.026)]k} ft
= {~5.00i -2.819)+7.026k} ft

rag = ¥ (=5.00)% + (<2.819)? +7.026* = 9.073 1

rg  —5.00i -2.819j+7.026k
Wyg=—2=
T 9.073
=={.5511i-0.3107j+0.7744k

Force Vector:

F = Fu,, = 12{~0.5511i —0.3107j+0.7744k} Ib
= {—6.61i =3.73j+9.29k} Ib Ans

*#2-108. The load at A creates a force of 200 N in wire AB.
Express this force as a Cartesian vector, acting on A and
directed towards B.

F=200N

raa = (15in30° - 0)i+ (lcos30° ~ 0)) + (2~ 0)k
= (0.51 + 0.866 ) + 2k)m

rap = ¢(0.52 + (0.866F + (2 = 2.236m

—_— (:4_') = 0.2236i + 0.3873 ) + 0.8944k

AR

F =200, =(471+71.5)+ 1T9k}N . A
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¢2-109. The cylindrical plate is subjected to the three cable
forces which are concurrent at point D. Express each force
which the cables exert on the plate as a Cartesian vector,
and determine the magnitude and coordinate direction
angles of the resultant force.

£y = (0-0.75+(0-0)j+(3-0k = (-0.751+0J+3Ik} m
A= y(=0.752 +0+321=3.0923 m

n 0.75i+3k
F|l— ———
"""(r‘)'s( 3.000 )

= {-1.4552i+5.8209k} kN
={-1.461+5.82k} kN Ans
fc -[o— (-0.75 sin 45‘}]|+[o-(—o.75 cos 45')]1 +(3-0k

= {0.53031+0.5%03 j+3k} m

re = /(0.5303)2 +(0.5303)2+ 7 = 3.0923 m

T = Fc(:_z}' 5(0.3303I+0.5303]+3 k)

3.0923
= {0.8575i+0.8575 j+4.8507 k} kN
= {0.8571+0.857 j+4.85k} kN Ans
rp =[0-(-0.75 sin 30°)]i+(0-0.75 cos30°)j +(3~O)k
={0.3751-0.6495 J+3 k} m
ry = (0.375) +(<0.64950 + ¥ = 3.093 m

3 =F.(§]=s(&_3£';3ggu_m)

= {0.9701i- 1.6803) +7.7611k} kN

= {0.9706~ 1.68)+7.76k} kN Ans

B=F +F; +Fc

={-1.45521+5.8209 k} + {0.9701 i~ 1,6803 j+ 7.7611k}

+{0.8575 i+ 0.8575 j+4.8507 k}

= {0.37241-0.8228 J+ 18.4327 k} kN

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

= 18.4548 kN = 18.5 kN

ap = T o 0:37241-0.8228) + 18,4327
R 18.4548

= 0.020181~0.04459§ +0.9988k

cosa = 0.02018 © a=§8.8°
cosfl = —0.04458 B=92.6°
cosy = 0.9988 y=2.81°

Ans

Ans

Ans
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2-110. The cable attached to the shear-leg derrick exerts a b4
force on the derrick of F = 350 1b. Express this force as a
Cartesian vector.

Unit Vector : The coordinates of point B are

B(50sin 30°, 50cos 30°, 0) ft=B(25.0, 43.301,0) ft

ryp = {(25.0-0)i+(43.301-0)j+(0-35)k]} fi
= {25.0i +43.301j-35.0k} ft

rag = ¥ 25.00 +433012 + (-35.0)* = 61.033 ft

rap _ 25.0i+43.301§-35.0k
Tan 61.033
= 0.4096i +0.7094j - 0.5735k y

Uyp

Force Vector: B

F = Fu,, = 350{0.4096i +0.7094j - 0.5735k} Ib
= {1431 +248§ - 201k} Ib Ans

2-111. Given the three vectors A, B, and D, show that
A-(B+D)=(A-B) + (A-D).

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

= (A-B) + (A-D) (QED)
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*2-112. Determine the projected component of the force
F 4p = 560 N acting along cable AC. Express the result as a
Cartesian vector.

Force Vectors: The unit vectors u 45 and u 4~ must be determined first. From Fig. a,
_rp _ (15-0)i+(0-3j+0-0k _ 3. 6. 2

Uyp = = i-=j+=k
B f15-02+0-3*+a-02 77
ayp =T o (5-0i+O-3i+G-0Ok _1; 2.2,

1
TAC 4(1.5—0)2+(0—3)2+(3-0)2 3 3 3

Thus, the force vector F4p is given by

3.6, 2
Fap = Fagusp =ssc[-:li—-?-j+;k)=[-z4m-480j+160k]N

Vector Dot Product: The magnitude of the projected component of Fap is

3" 3

-coof Lcaof 2Joro(3)

=346.67TN

(Faglac =Fug-uy = (—2A0i_ 4805+ 160k)-[%i—2'j+-2-k)

Thus, (F4p )sc expressed in Cartesian vector form is

1 2. 2
®apac = (Fap ac Bac = 346.6'(-§|-§J+-é-k]
=[116i- 231j+231k]N Ans.

L

<50,3)n

ACG 3,0) m
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*2-113. Determine the magnitudes of the components of
force F = 56 N acting along and perpendicular to line AO.

Unit Vectors: The unit vectors u 4 and w 4o must be determined first. From Fig. a,

=D o _[0-CLOB+O-3j+C-1k 3, 6. 2,
W Jo--15P+0-32+2-1? T 7
a0 =40 _[0-CLIF+(0-3j+0- 1% E

0 0-(L5P +(0-3)% +(0-1)?

Thus, the force vector F is given by

F=Fap = 5{%*;5-»%1;} R4i-48j+ 16k]N

Vector Dot Product: The magnitude of the projected component of F parallel to line AQ is
3. 6. 2
=F-uyp = (24i-48j+16k)| =i-=j-=k
&40 )paral u0=( J )[7 7.i = )

resf3)ecnf-oao(-5)

=46.86N = 469N Ans.

The component of F perpendicular to line AO is

F40)pr =4 ~Fa0)pamm
56 - 4686

=30.7N Ans.
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2-114. Determine the length of side BC of the triangular z
plate. Solve the problem by finding the magnitude of rz;
then check the result by first finding &, r 5, and 7, and
then using the cosine law. - 3m—

B _

4m
a
1 mL -
1m 3 n/
nc={31+2j-4k}m o
roacsdOP+(2F +(~4P 2539 m Ams 5m ¢
Also, *
fc={31+4j-1k}lm
re=d (P +(@P +(-1)=5.0990m ’-u-l('lc' r“)-om" [
e ={2j+3k} m FACTAD (5.0990)(3.6056)
0=74.219°

Tas --J(Z)a +(37 =3.6056 m

Tac: Tan =0+4(2)+(-1)(3) =5

Tac = f(5.0990)% + (3.6056)* ~ 2(5.0990) (3. 6056) cos 74,219°

rc=$5.39m Ans
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2-115. Determine the magnitudes of the components of
F = 600 N acting along and perpendicular to segment DE
of the pipe assembly.

Unit Vectors: The unit vectors u gg and ngp must be determined first. From Fig. a,
wgy = Lo _©=4N4(2-55+0- DK
B J0-4) +@2- 52 +[0- (-2
0gp=-j

= ~0.7428i - 0.5571 j+ 03714k

Thus, the force vector F is given by
F = Fu gg = 600 -0.7428i - 0.5571j+0.3714k) = [-445.66i - 334.25j+ 222.8%|N

Vector Dot Product: The magnitude of the component of F parallel to segment DE of the pipe assembly
is
(Fgp paral =F -ugp = (—445.66i — 334.25§+ 222.83k)- (-j)
=(—445.66)( 0) + (—334.25)(-1)+(222.83)(0)
=33425=334N Ans.

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

(Fe dper = 42— (Fip Jparal? = 6002 - 334.25% = 498N Ans.

%> E(4,5,-20m
(@)
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*2-116. Two forces act on the hook. Determine the angle z
0 between them. Also, what are the projections of F; and F,
along the y axis?

F, = 600cos 120° i + 600 cos 60° § + 600 cos 45° k Fy=600N

= - 300§ +300) +4243k; F, = 600N

B = 1200 +90)-80k: / = 170N
/60°

Fi - B = (= 300) (120) + (300) (90) +(424.3) (- 80) = — 42944

0= cos”! (‘_“2&“;._] = 115° L
cos {170) (600) 115 Ans y
N F, = {120i + 90j — SOk}N
a=]j
So,
Fy =B -} = (300)(1) = 300N Ans
By, =K - jJ=(90)() = 90N Ans
¢2-117. Two forces act on the hook. Determine the z
magnitude of the projection of F, along F.
F, = 600N
7
60°
y
X F, = {120i + 90j — 80k)N

u; =cos 120°1 + cos 60°  + cos 45°k
Proj /i = B - wy = (120) (cos 120°) + (90) (cos 60°) + (~80) (cos 45°)

IProj R | = TI.6N  Ans
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2-118. Determine the projection of force F = 80 N along
line BC. Express the result as a Cartesian vector.

Unit Vectors: The unit vectors u zp and u g~ must be determined first. From Fig. a,
X o (- 2+O0-DJ+AS-Ok 4, 3,

U FD =
™ Je-2P+0-22+a5-07 5 S

ape = T o AR QDI OOk _ 207507071
e Ja-22+0-2)2 +0- 07

Thus, the force vector F is given by

F=Fagp = 80(—%j+%k) — [-64+48K |N

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

Fpc =F-upe = (-64 j+48k)-(0.7071i - 0.7071;)
=(0)(0.7071)+ (—64)(—0.7071) + 4%0)

=4525=452N Ans,
The component of Fg~ can be expressed in Cartesian vector form as
Fpr = Fpc (u o )= 45.25(0.7071i - 0.7071j)
Ans.

={32i-32j} N
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2-119. The clamp is used on a jig. If the vertical force z A
acting on the bolt is F = {-500k} N, determine the

magnitudes of its components F; and F, which act along the

OA axis and perpendicular to it. o 40 mm

y
/r—’ || l 20 mm
X 40 mm-
F={-500k} N

Unit Vector : The unit vector along OA axis is

_0-200i+0-40j+©-40k _ 1 2 2

Mo T 0-200+(0-407 s (0407 3 3 3

Projected Component of F Along OA Axis :

i =F-us0= (-5000)(3i- 31~ 3k
IONEE
=33333N=333N Ans

Component of F Perpendicular to OA Axis : Since the magninde of

force F is F= 500 N so that
E=yFi-R=,/5002-333.333 =373 N Ans
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*2-120. Determine the magnitude of the projected
component of force F , 5 acting along the z axis.

Unit Vector: The unit vector u4p must be determined first. From Fig. a,

upp =B _(B-OR+C12-0+©-30k _3, 2. 6,

4B J(18-072 +(-12-02 +(0-362 | | 7

Thus, the force vector F4p is given by
Fap = Fpugp = 70{%1-%1-%):{3001-200;-@1;} Ib
Vector Dot Product: The projected component of F4p along the Z axis is
(Fgp); = Fap -k = (300i — 200 — 600k)-k
=-6001Ib
The negative sign indicates that (F4p ), is directed towards the negative = axis. Thus

(Fap ); =6001b Ans.

(a)
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e2-121. Determine the magnitude of the projected Z
component of force F 4~ acting along the z axis.

Al
FAC = 600 Ib A\\

36 ft

Unit Vector: The unit vector m 4~ must be determined first. From Fig. a,
_Iic _ (12sin30°=0)i+(1200s30° = 0)j+ (0 =36)k = 0.1581i +0.2730j— 0.9487k

A J(125in30° —0)% + (12008 30°— 0)% + (0 36)°

Thus, the force vector F4 is given by
Fyr=Fgruy = 600(0. 1581i+0.2739j - 0.948’7k) ={94.87i+164.32j - 569.21k}N

Vector Dot Produect: The projected component of Fy- along the 7 axis is
(Fy ), =Fyr -k =(94.87i+164.32j~569.21k)-k
=-569 Ib

The negative sign indicates that (F 4 ), is directed towards the negative z axis. Thus

(Fyc); = 5691b Ans.
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2-122. Determine the projection of force F = 400N b4
acting along line AC of the pipe assembly. Express the result

as a Cartesian vector. F=400N

Force and unit Vector: The force vector F and unit vector a 4~ must be determined first.

From Fig. (a)
F = 400(- cos 45° sin30°i + cos 45°cos 30°j+ sin45% )
={-141.42i+24495j+282.84k}
oy =T - ©0-0)i+@-0)j+(3-0)k isj+%k

W J0-0)2 +(4-0)2 +(3- 0)2

Vector Dot Product: The magnitude of the projected component of F along line AC is
Fie =F-u e = (-141.42i+ 24495+ 282.84&)-(%]4-%1:]

= (~141.42)0)+ 244&{ %)+ 282&{33:]

=365.661b Ans.

Thus, F 4~ written in Cartesian vector form is

4. 3
Fac =Fpcuye =365.66(33+;k]={293j+ 219k} b Ans.

(@)
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2-123. Determine the magnitudes of the components of z
force F =400 N acting parallel and perpendicular to

segment BC of the pipe assembly. F=400N

Force Vector: The force vector F must be determined first. From Fig. a,
F = 400(= cos45° sin30°i + cos 45°cos 30°j+ sin45%k )
={-141.42i + 244.95j+ 282.84k} N

Vector Dot Product: By inspecting Fig. (a) we notice thatu g~ = j Thus, the magnitude of the
component of F parallel to segment BC of the pipe assembly is
(Fgc parat =F - =(~l4l.42l+244.95j+282.34k) -J
= -141.42(0)+ 244.951) + 282.84(0)
=244.951b=245N Ans.

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

(Fm)m.=-JF2—(Fx }m ='J4002—244.952 =316N Ans.
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*2-124. Cable OA is used to support column OB.
Determine the angle 0 it makes with beam OC.

Unit Vector:

ugc =l

(4-0)i+(8-0)j+(-8-0k
(4-0)* +(8=0)* +(~8=0)?

12 2
=it of-=k
3373

The Angle” Between Two Vectors @:
et o3P (oG-

1
8=cns'l(|lac'“m)=m'l§=m's' Ans

e2-125. Cable OA is used to support column OB.
Determine the angle ¢ it makes with beam OD.

Unit Vector:

ugp = —sin 30°i + cos 30°j = ~0.5i +0.8660j

(4-0)i+(8-0)j+(-8-0)k
“ =
o J@=0)T+(8-0)F +(-8-0?
1, 2, 2

= §I+-3-j—sk

The Angles Between Two Vectors ¢:
12, 23)
Uop *Uou =(-o.5i+o.mon-(5i+ij-§9
1 2
=(—as)(3)+ (o.sssme)+o(-§)

=0.4107

¢ =cos™ (ugp - g, ) = cos™ 0.4107 = 65.8° Ans
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2-126. The cables each exert a force of 400 N on the post. b4
Determine the magnitude of the projected component of F; Fy = 400N
along the line of action of F,.

Force Vector:

ug, = sin 35°os 20 - sin 35°sin 20°) +cos 35°%k
=0.5390i -0.1962j+0.8192k \ 1‘200

F, = Fug, =400(0.5390i -0.1962j+0.8192k) N
= {215.59%i - 78.47j+327.66k} N

Unit Vector : The unit vector along the line of action of F, is

ug, = cos 45°% +cos 60°j +cos 120°k
=0.7071i+0.5§ 0.5k

F, = 400N

Projected Component of F, Along Line of Action of F, :
(R)g, =F -ug = (215.59i —78.47j+ 327.66k) - (0.7071i +0.5§ - 0. 5k)
=(215.59)(0.7071) + (-78.47) (0.5) +(327.66) (—0.5)
==-50.6 N

Negative sign indicates that the force component (F, )Eaas in the opposite sense
of direction w0 that of ug.

thus the magnimde is (Fy), =50.6 N Ans

2-127. Determine the angle 6 between the two cables z
attached to the post. F, = 400N

Unit Vector :

= sin 35°cos 20°1 - sin 35°sin 20°j+cos 35°k
=0.5390i - 0.1962j+0.8192k

Ug

ug, = cos 45°% + cos 60° +cos 120°k
=0.7071i +0.5)- 0.5k

The Angle: Between Two Vectors 6:The dot product of two unit

vectors must be determined first.
up, ‘Ug = (0.5390§ - 0.1962j +0.8192k) - (0.7071i+0.5§—0.5k)
= 0.5390(0.7071) + (~0.1962) (0.5) +0.8192(=0.5)
= -0.1265
Then,
8=cos™* (uy, - up, ) =cos™ (-0.1265) = 97.3° Ans
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*2-128. A force of F = 80 N is applied to the handle of z
the wrench. Determine the angle 6 between the tail of the
force and the handle AB.

ur = ~cos 30°sin 45% +cos 30°cos 45°%+sin 30°k
=-0.6124i+0.6124 j+0.5 k
g =-j.

cos = up-usp = (~0.6124 i+0.6124 j+0.5k) - (=J)

=-{.6124

#=128° Ans
*2-129. Determine the angle 6 between cables AB and AC. z

Position Vector :

a5 = {(0-15)i+(3-0)j+(8-0)k} ft
= {~15i+3j+ 8k} ft

fac = {(0-15)i+(~8-0)j+(12-0)k} ft
= (~15i - 8j+ 12k} ft

‘The magnitudes of the postion vectors are

Fag =V (=157 +32482= 17263 ft

roc = y(-15) +(-8)} + 122 = 20.809 ft

The Angle; Between Two Vectors 6:

Tas " Tac = (=150 +3j+8k) - (-15i - 8j + 12k)
= (=15)(~15) +(3)(-8) +8(12)
=297 ¢

. 297
8 =cost [ FaB_Fac -1 =342 A
o8 (r”r“. =% | 17.263(20.809) s
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2-130. If F has a magnitude of 55 Ib, determine the
magnitude of its projected components acting along the x
axis and along cable AC.

Force Vector:

_ (0-15)i+(3-0)j+(8~0)k
T J0-15 +(3-0) +(8-0)?
= ~0.8689% + 0.1738] + 0.4634k

F = Fu,, = 55(~0.8689% +0.1738) +0.4634k) Ib
= {~47.791i +9.558] + 25.489k} Ib

Unit Vector : The unit vector along negative x axis and AC are

u, =-1i

_ (0-15)i+(-8-0)j+(12-0)k
J(0-15)2+(-8-0)2 +(12-0)
= —0.7200i ~ 0.3845j + 0.5767k

e

Projected Component of F :

F, =F -u, = (—47.791i +9.558) + 25.489k) - (—1i)
= (—47.791) (-1) +9.558(0) +25.489(0)
=4781b Ans

Fic =F -uyc = (—47.791i +9.558j + 25.489k) - (-0.7209i - 0.3845j + 0.5767k)
= (~47.791) (—0.7209) + (9.558) (~0.3845) + (25.489) (0.5767)
=4551b Ans

2-131. Determine the magnitudes of the projected
components of the force F = 300 N acting along the x and

y axes.

Force Vector: The force vector F must be determined first. From Fig. a,
F = =3005in30°sin 30°% + 300c0s30°j+ 300sin30° cos 30°k
=[-75i+ 259.81j+ 129.90k N

Vector Dot Product: The magnitudes of the projected component of F along the x and y axes are
F, =F-i= (—75i+ 259.81j+ 129.90k)-i
=-75(1) +259.81(0) + 129.90(0)
=-75N
P;, =F-j =(—75i+259.31j+ 129.90k)-j
=-75(0) +259.81(1) + 129.90(0)
=260N

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

F=75N, F,=260N
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*2-132. Determine the magnitude of the projected
component of the force F = 300 N acting along line OA.

Force and unit Vector: The force vector F and unit vector u4 must be determined first.

From Fig. (a)
= -3005in30°sin 30° + 300c0s30°j + 300sin30° cos30°k)
={~75i+259.81j+129.90K}N
s =204 - QB0+ O30+ 0280k _ 7554 0.5+ 04330k

04 J(045-0)2 +(03— 0)2 +(0.2598 —0)2

Vector Dot Product: The magnitude of the projected component of F along line OA is
Foa =F -ugy =(-75i+ 259.81j+ 129.90k)- (-0.75i +0.5j +0.4330k)
= (~75)~0.75) +259.81(0.5) + 129.90(0.4330)
=242N Ans.

4[—(0-.%0-55:350’)) 0:3, 0:3C0836°] m

705,03 02598 )m

(&) R

112



2 Solutions 44918 1/21/09 12:02 PM Page 113 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢2-133. Two cables exert forces on the pipe. Determine
the magnitude of the projected component of F; along the
line of action of F,.

Force Vector:

uj, = cos 30°sin 30°% + cos 30°cos 30°) — sin 30°k
=0.43301 +0.75§~ 0.5k

F, = Ry, = 30(0.4330 +0.75)-0.5k) B
= {12.990i 4+ 22.5} - 15.0k} b

Unit Vector : One can obtzin the angle @ = 135° for K, using Eq.2- 8.
cos*a+cos’ B+ cos’y = |, with = 60° and 7 = 60°. The unit vecwor along the
line of action of B, is

ug = cos 135% +cas Wj+mm=-0.mll+0-ij+0-ﬂ F,=301b

Projected Component of F) Along the Line of Action of &, :
(R)g=F ug= (12.9904 + 22.5) ~ 15.0k) - (-0.7071i +0.5] +0.5k)
= (12.990) (~0.7071) + (22.5) (0.5) +(~15.0)(0.5)
==544D

Negative sign indicates that the projecied component (F; ) acts in the opposits
sense of direction o thatof ug .

The magnitude is (F, ) = 5.44 b, Ans

2-134. Determine the angle 60 between the two cables
attached to the pipe.

The Angles Betwean Two Vectors 8:

ug, -ug = (0.43300 +0.75)~0.5k) - (~0.70714 +0.5) +0.5k)

= 0.4330(-0.7071) +0.75(0.5) + (~0.5) (0.9)
=-0,1812 '

82 cos™! (g -ug ) =cos™! (-0.1812) = 100° Ans

Usmit Vector:

ug, =cos 30°sin 30% + cos 30°cos 30°) - sin 30°k
=0.4330i +0.75] 0.5k

ug, = cos 135°1 + cos 60°)+ cos 60°k
=-0,7071i +0.5] + 0.5k
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2-135. Determine the x and y components of the 700-1b y
force. 700 Ib

)

30°

F, = -700cos 30° = -6061b Ans

F, = 700sin 30° = 350D Ans
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*2-136. Determine the magnitude of the projected
component of the 100-1b force acting along the axis BC of
the pipe.

Force Vector :

L (0-6)i+(12-41+[0-(-D)k
@ -6+ (12- 4 +[0-(-2))?
= ~0.5883i +0.7845] + 0.1961k

F = Fucp = 100(-0.5883i + 0.7845]+0.1961k)
= {-58.8351 + 78.446) + 19.612k} Ib

Unit Vector : The unit vector along CB is

_ (0-6)i+(0-4)j+[0-(-D)]k
¥(0-6)*+(0-4)*+[0-(-2)]?
= -0.8018i ~0.5345) +0.2673k

ca

Projected Component of F Along CB :

Foy = F -ucg = (~58.8351 +78.446) + 19.612k) - (~0.8018i — 0.5345} +0.2673k)
= (~58.835) (—0.8018) + (78.446) (~0.5345) + (19.612) (0.2673)

=1051b Ans
¢2-137. Determine the angle 6 between pipe segments z
BA and BC.
Position Vector :
Fpa = {"3'} ft

rac ={(6-0)i+(4-0)j+(-2-0)k} fi
= (6i+4)-2%k} fi

The magniudes of the posfion vectors are

raa=300fk re= Je+a2+(-2) =7483 1t

The Angle. Between Two Vectors 6:

gy T = {‘3‘} * (ﬂ+4j-2k)
= (=3)(6) +(0)(4) +0(-2)

=-18.0 f*
Then,
-1{Taa ‘Tac -1 -18.0
- fac | — 2 _|=143° A
8= cos (rur,c] oo [3.00(1.433) e
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2-138. Determine the magnitude and direction of the y
resultant Fr, = F; + F, + F; of the three forces by first F,=75N
finding the resultant F’' = F; + F; and then forming F=80N
Fr = F' + F,. Specify its direction measured counter- f Fi— SON
clockwise from the positive x axis. 3
30+ 30°
F'= /(80P + (S0P ~ 2(80)50) cos 105° = 104.7N
. ‘. 450
B BT gaase

80 104.7

N2\ W

Fa= J(104.77 + (158 ~ 2(104.7X75) cos 162.46°

Fp =171.7= 178N Ans

sinf _ sin162.46°

104.7 g Pl

0= 75°+ 10.23° = BS.2° Ans

50N
)

105° | -/

goN

(b)
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2-139. Determine the design angle 6 (6 < 90°) between
the two struts so that the 500-1b horizontal force has a B
component of 600 Ib directed from A toward C. What is the
component of force acting along member BA?

C 20°
0
\\ 500 Ib
A
The parallelogram law of addition and the triangular rule are shown in Figs. aand b. boolb
Vi~
Applying the law of cosines to Fig, b, \° ""“'-z,..f.
\ A el
Fr = 45007 + 6007 ~ X 500)(600)cos 20° BoniB - ‘\
=214911b=2151b Ans. TNl kY
(a) o
Applying the law of sines to Fig. b and using this result yields
sin _ sin20°
500 21491 §=527 Aos. Goo Ib
A
A A 25—
- soolb
®)
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F,=101b

*2-140. Determine the magnitude and direction of the
smallest force F; so that the resultant force of all three
forces has a magnitude of 20 Ib.

F,=5Ib

B is minimum :

B=20-R+Bl

Fi+F = (s + 10@]]“- (10(;-'])1 alli+8)
I +R| = /TF+& = 36010
0 = o™ (‘121') =360° Ans

Thus

(Bluin =20~ 13.601 = 6.40lb Aps
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*2-141. Resolve the 250-N force into components acting
along the u and v axes and determine the magnitudes of
these components.
u
20°
4
7\ 250N
40°
v
50 R
oy S 7
. =T\
= = = l
sin 120°  sin20°° R=9%IN  Am 20 40 F"I-f
2-142. Cable AB exerts a force of 80 N on the end of the b4
3-m-long boom OA. Determine the magnitude of the |
projection of this force along the boom. B
Vector Analysis :
r=so'_‘.!.]= so(_M|_Mj+fk] 4m
Fan 5 3 s
2 -241 - 41.57] + 64k o .
Ui = - cos60°i - sin60°§ = - 0.51 - 0.866) /600 SON
3m
Reoi € = F - uuo = (~24) (- 0.5) + (-41.57) (- 0.866) +(64)0 = 48.0N  Ams YA
Scalar Anaysis : X
Angle OAB = tan™"! (i] = 53.13°
3
Proj F = 80cos 53.13° = 48.0N  Ams

119



2 Solutions 44918 1/21/09 12:02 PM Page 120

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

2-143. The three supporting cables exert the forces shown
on the sign. Represent each force as a Cartesian vector.

Unut vector :

Tap ={(0=5)i+(2-0)j+(3-0)k} m= {-5i +2j+ 3k} m
T =V (=5} +2+32=6.164m
Tap _ ZSiHA+IK oenin +0.3244j+0.4867k

u 02— =
42 e 6.164

e ={(0=5)i+(-2-0)j+(3-0)k} m= {-5i -2j+3k} m
nme=V(=9 +(-2)'+3 =6.164m
fac  ZS-A+K e 1i - 0.3244j + 0.4367k

Uy = =——

e = 6.164

rpg = {(0=2)i+(0-0)j+(3-0)k} m={~2+3k} m

roe = ¥(=2)7+3? = 3.605 m

= Tpg = -+ =
Upg "o 3.605 =0.5547i +0.8321k

Force Vector :

Fy = Fu, s = 400{-0.8111i +0.3244j +0.4867k} N

= {=324.44} + 129.78) + 194.67k} N
= {~324i + 130§+ 195k} N Ans

Fc = Fouigy = 400{-0.8111i - 0.3244j + 0.4867k} N

= {~324.44i - 129.78) + 194.67k} N
= {~324i - 130§+ 195k} N Ans

Fg = Fyupg = 350(~0.5547i +0.8321k} N

={-194.15i +291.22k} N
= (~194i+ 291k} N Ans
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