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

the positive u axis.

SOLUTION
Fr = 2(300)°+ (500)* = 2(300)(500) cos 95° = 605.1 = 605 N Ans. Aii
— 6051 500
sin95° _ sinu Ll WA
:-53),-,(\'\ |' ) v
u = 55.40° “yfa

T = 55.40° + 30° = 85.4° Ans.
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2-2. Resolve the force F; into components acting along

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

SOLUTION
_Fu 300

sin 40°  sin 110°
F, = 205N Ans.

_Fyv 300

sin 30°  sin 110°
Fv = 160 N Ans.
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2-3. Resolve the force F, into components acting along

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

SOLUTION
_Fu 500

sin 45°  sin 70°
K, = 376 N Ans.

F 500

sin 65°  sin 70°
Foy = 482N Ans.
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2--4. Determine the magnitude of the resultant force F,=1501b
acting on the bracket and its direction measured
counterclockwise from the positive u axis.

F, =200 Ib

SOLUTION 3 . _ ,
The parallelogram law of addition and the triangular rule are shown in Figs. a and b, respectively.
Applying the law of cosines to Fig. b,

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

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

sing _ sin75° o = 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.

200mf 15" \ I50 Ib

)
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--5.  Resolve F; into components along the u and v axes, F, =150 Ib
and determine the magnitudes of these components.

F1 =200 Ib

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

Applying the law of sines to Fig. b, yields

.F"—= .200 F, = 3861b An:
sin105° sin 30°

- - F, =283 1b Ans.
sin45°  sin30° ‘

Fae
<G
Sa \109' 200 1b
v

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

F, =200 Ib

%%%gpogwam 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 Ib Ams.
sin30°  sin30°

F, _ 150
sin120°  sin 30°

F, =2601b Ans.
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2-7. If 0 = 60° and F = 450 N, determine the magnitude
of the resultant force and its direction, measured
counterclockwise from the positive x axis.

15
700 N

SOLUTI@N

The parallelegram law of additien and the triangular rule are shewn in Figs. # and b,
respectively,

Applying the law of censines te Fig. b,
Fr= \7007 + 456° — 2(700)(4350) ces 45°
= 49701 N = 497 N Ans.
This yields

Sinm &in 43" N
i amew Y50

Thus, the directien of angle ¢ of Fx measured ceuniercleckwise frem the
pesilive x axis, is

‘:u + " = 95 1% |+ 8" = ]|55° Ans.
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22-8.  If the magnitude of the resultant force is to be 500 N,
directed along the positive y axis, determine the magnitude
of force F and its direction 0.

S@LUTI®N
The parallelegram law of additien and the triangular rule are shewn in Figs. w and b,
respectively,

Applying the law of cesines te Fig. b, %

F o= %508 + 7080 — 2(508)(708) ces 185° 90115105 °
= #5973 N = %68 N Ans. F=500N s LF
Applving the law ef sines 1e Fig, b, and using this result, yields ,///
sin (90° + 0) _ sin 105° //
700 059,73 W %
&
0 = 45.2° Ans. 00N 5
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2-9.  The vertical force F acts downward at A on the two-
membered frame. Determine the magnitudes of the two
components of F directed along the axes of AB and AC. Set
F = 500 N.

SOLUTION

Parallelogram Law: The parallclogram law ol addition is shown in Fig. a.

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

Fag 500

sin i~ sin 737

Fap = 448N Ans.

F e S00
sin 45°  sin 73°

F 40 = 366 N Ans.
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2-10. Solve Prob. 2-9 with F = 350 Ib.

SOLUTION

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

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

Far 350
sinm 607 sin 737

FAF = 314 1b Aﬂs-
Fac 350 J—
sin45"  sin 75" Lo o -
,/-15‘ 5 2 Tac
P 4 >
Fac = 256 1b Ans.  fas st ™
i ~.“ o 4
35015
()
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2-11. If the tension in the cable is 400 N, determine the
magnitude and direction of the resultant force acting on
the pulley. This angle is the same angle 0 of line AB on the
tailboard block.

SOLUTION
Fp= y/(400F + (400)* - 2(400)(400) cos 60° = 400N Ans de =

8= 60° Ans

400N
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22-12. The force acting on the gear tooth is F = 20 Ib.
Resolve this force into two components acting along the
lines aa and bb.

SOLUTION
20 F,
i o = - =3061b Ans.
sin 40 sin 80°
20 20 (b
- A Ans. b
in 40° = ; b =2691Ib
SIn40% = in 60 @ 0w,
A &
}-l'
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2-13.  The component of force F acting along line aa is
required to be 30 Ib. Determine the magnitude of F and its
component along line bb.

SOLUTION
. _ F . F=1961b Ans.
sin 80°  sin 40°
30 _ _Fy _
sin80°  sin 60°" F, = 26.41b Ans.
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2-14. Force F acts on the frame such that its component
acting along member AB is 650 Ib, directed from B towards A,
and the component acting along member BC is 500 Ib,
directed from B towards C. Determine the magnitude of F
and its direction 0. Set ¥ = 60°.

S@OLUTI®N

The paraliclegram law of additien und triangular rule are shewn in Figs. a and b, i \“'

respectively. N o

Applying the law of cesines te Fig. b,

F o= /500" + 658" — 2(500)(e50) ces 105°

= %% b = %7 I Ans. @)
Using this result and applying the law ef sines te Fig. b, viclds %
] \\faolb
sin # sin 185"
= » = 31.8° Ans. Y
5 LITR ]
oo o
F P
6 #5650 16
®)
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2-15. Force F acts on the frame such that its component
acting along member AB is 650 Ib, directed from B towards
A. Determine the required angle ¥ (0° ... ¥ .. 90°) and the

component acting along member BC. Set F = 850 Ib and
0 = 30°.

SOLUTI@N

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

Applying the law of cesines te Fig. b,

Fae = V3507 + 6507 — 2(850)(9350) ces 30°

= 433641 = 434 1b Ans.
Using this result and applving the sine law te Fig. b, vields
(4}
sin (45% + @) sin 30°
— = ° 8
150 FEEYT] & = 56.5 Ans. \Fu

F=850(b S‘z 45ty
4
/iy =650 1k

e )
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22-16. The plate is subjected to the two forces at A and B Fa= 8 kN
as shown. If 0 = 60°, determine the magnitude of the
resultant of these two forces and its direction measured
clockwise from the horizontal.

SOLUTION

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

Trigonometry: Using law of cosines (Fig. b), we have Fo =6kN

Fr = 282 + 62 - 2(8)(6) cos 100°

10.80 kN = 10.8 kN

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

simu _ sim100°
6 10.80
sinu = 0.5470
u = 33.16°
Thus, the direction T of Fy measured from the x axis is

T = 33.16° - 30° = 3.16°
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2-17. Determine the angle 0 for connecting member A to Fa= 8kN

horizontally to the right. Also, what is the magnitude of the
resultant force?

MO @0 @N @0 @0 @N

SOLUTION

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

Trigonometry: Using law of sines (Fig .b), we have Fg =6 kN

s":] (900 _ ) 3 A 550

6 8

sin (90° - u) = 0.5745
u = 54.93° = 54.9° Ans.

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

FR

282 + 6% - 2(8)(6) cos 94.93°

10.4 kKN Ans.
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2-18. Two forces act on the screw eye. If F; = 400 N and

F, = 600 N, determine the angle 0 (0° .. 0 ... 180°) between
them, so that the resultant force has a magnitude of
Fr = 800 N.

SOLUTION

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

800 = V/400% + 6007 — 2(400)(600) cos (150" — 6°)
8007 = 400° + 600° — 480000 cos (180° — 6)

cos (180° — 0) = — 0.25

180° — 6 = 104.48

0 = 75.52° = 75.5° Ans. (@)
400N 180=-8
boop
BOON
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2-19. Two forces F; and F, act on the screw eye. If their
lines of action are at an angle 0 apart and the magnitude of
each force is F; = F, = F, determine the magnitude of the
resultant force Fg and the angle between Fg and F;.

SOLUTION Fe

Fo_ F
sinf sin(u - f)

sin(u - F) =sinF

u-Ff=*F
j F

f=_ Ans.
2 ~
180=6 ~~ s ©
Fr = 2(F)? + (F)? - 2(F)(F) cos (180° - u)
&L ok
Since cos (180° - u) = -cosu - 7
7
Fr = FA22821 + cos u 0 7
. U 1+cosu 7
Since cosa_h = ——
2 A 2
Then
R = 2F cosa%b AnNs.
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22-20. If the resultant force of the two tugboats is 3 kN,
directed along the positive x axis, determine the required
magnitude of force Fg and its direction 0.

S@LUTI®N

The parallclegram law of additien and the triangular rule are shewn in Figs. a and b,
respectively.

Applying the law ef cesines te Fig. b,

Fg= %214 3 — 2(2)(3)ces I0°

= 1.615kN = 1.61 kN Ans.

Using this result and applying the law of sines te Fig. b, vields

" in 3 =
s g sin 38 0 =383 Ans. & e‘
2 1.ala 5 N
Fo = 3KN
(6)
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2-21. If Fg = 3kN and 0 = 45° determine the
magnitude of the resultant force of the two tugboats and its
direction measured clockwise from the positive x axis.

SOLUTI®N

The paraliclegram law of addition and the triangular rule are shewn in Figs. & and b,
respectively.

Applying the law of cesines te Fig. b,

Fp= %20+ 3% = 2(2)(3) ces 185

4013 kN = 4.01 KN Ans.

Using this result and applying the law ef sines te Fig. b, viclds

1 1. Ll
- ‘“: nl:f o = 46.22°

Thus, the direction angle @ of Fyp, measured cleckwise frem the pesitive v axis, is

& = o — 30° = 46.22° — 30° = 16.2° Ans.
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2-22. If the resultant force of the two tugboats is required
to be directed towards the positive x axis, and Fg isto be a
minimum, determine the magnitude of Fg and Fg and the
angle 0.

SOLUTION

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

6 = 90° Ans.

The parallclogram law of addition and triangular rule arc shown in Figs @ and D,
respectively.

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

Fr=2cos30° = 1.73 kN Ans.
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2-23. Two forces act on the screw eye. If F = 600 N,

y
determine the magnitude of the resultant force and the =
angle 0 if the resultant force is directed vertically upward. I~

500Ny
ey ,ri',:'
1.’-‘_&5\.3.!?.&?

SOLUTION

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

sind  &in 307 . o o
500~ 500 sinf = 0.6 6 = 36.87° = 36.9 Ans.
Uging the resull of &,

¢ = 180° — 30° — 36.87° = 113.13°

Again, applying law of sines using the result ol ¢,

Fg 500 (a) )
sin 113,13 — sin 30° Fr=919.61N = 920N Ans.
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22-24. Two forces are applied at the end of a screw eye in
order to remove the post. Determine the angle
0(0° .. 0 .. 90°) and the magnitude of force F so that the
resultant force acting on the post is directed vertically
upward and has a magnitude of 750 N.

y

SOLUTION

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

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

sin ¥ _ sin 30°
750 500
sin ¥ = 0.750

F = 131.41° 1By observation, f 7 90°2

Thus,
u = 180° - 30° - 131.41° = 18.59° = 18.6° Ans. SOON
750N
F 500 0
sin 18.59° ~ sin 30° 30° [
F =319N TR

45 45




© 20 12DPédrsarsaiu Erhitanionge Nt ppapsadtiddRiviRiver . NAI AlYirtg hisseesen,ethit hisataeiek ialpsqiectedtaddendet] aipyopyhrighvwisas tesheyrcemténtly
existxido o ooi o thiithisataeiel rabynay beprephockddd, dnyarfigrioron by byyanyeansangithdtiioperpeissiiesi am iritimi ficpfmotie tpeitplisHesher.

2-25. 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 0 of the third chain measured clockwise

from the positive x axis, so that the magnitude of force F in 300 Ib
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. 30°
} X

T

SOLUTION
Cosine law:
Fr1 = 23002 + 200% - 2(300)(200) cos 60° = 264.6 Ib 200 Ib
Sine law:
sin (30° + u)  sin60° _ .
200 = o646 u=109 Ans.
When F is directed along Fg,, F will be minimum to create the resultant force.
Fr = Fry + F
500 = 264.6 + Fyp
Fnin = 2351b Ans.
b
200 ’il =264.6 15
2001b "
< F’En'n
vo'e fe=50
30"+ '*i ==5001b

(b) P,
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2-26. Determine the x and y components of the 800-lb
force.
SOLUTION

F = 800sin 40° = 514 Ib

F, = -800cos 40° = -6131b

800 Ib

Ans.
Ans.
b
By ke
Y v\ :
£ AP
. f’
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2-27. Resolve each force acting on the gusset plate
into its x and y components, and express each force as a F3=650 N

Cartesian vector. ?&\ ﬁz =750N
4
\ /4

|L—’—|_ g X
. F,=900N

SOLUTION
F; = {900(+i)} = {900i} N Ans.
F, = [750 cos 45" (+i) + 750 sin 45°(+j)} N
= [530i + 530§) N Ans.
4\ . 3\, .
F; = {650( 5 )(+1) + 650 <5>(—J)} N
= {5201 — 390§)} N Ans. ¥ ¥
(B ly=TEosines "N <o
.1[;'— b s7mon _::-‘*/5’.('150(4#)”
e TN,
(). 750 cosas'n (Bly= éso(360
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22-28. Determine the magnitude of the resultant force

acting on the plate and its direction, measured counter- F3 =650 N

clockwise from the positive x axis.

SOLUTI®N

Recrangular Compenenis: By referring te Fig. a. the x and y cempenents of F|, F>.
and F: can be written as

(F)), = 990N (F), =
(FZ)x

(F3)x

ToW ces 45% = 51833 N (Fz)y = TiWsin 43" = 533 N
4
65.(5) = 520N

Resultant Ferce: Summing the ferce cempencents algewraically aleng the v and
v axes, we have

(Fs), = 650(%) = 390N

X S(Fp), = 3F; (Fr)s

o8 ¢ 5333+ 528 = 195033 N —
+13(Fp), = SF,; (Fr)y, = 53833 — 398 = 14833 N

The magnitude of the resultant ferce Fygis
Fr=V(Fp) + (Fp),” = V1950327 + 14833’ = 1955 N = 1.96 kN Ans.

The direction angle @ of Fy. meusured cleckwise frem the pesitive x axis, is

[ (Fa)y 149.33 )
= ! = tan ! = e .
® = tan {U"n). | tan (1950.}} 4,12 Ans

(By=/40:33N
____________ Fa

(&L = 1950+ 53;
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2-29. Express each of the three forces acting on the column

y
in Cartesian vector form and compute the magnitude of the
resultant force. F,=2751Ib
Fy = 150Nb / F,=751b
4
3 60°
X

SOLUTION

F, = li()(s\' Ii(](d)'

= 50§15 ——

F, = {90i — 1205} Ib Ans.

F, = {—275j} 1b Ans.

F; = —75 cos 60°i — 75 sin 60°j

F, = [—37.51 — 65.0j} 1b Ans.

Fr = SF = (52.51 — 460j} Ib

Fr = V(5257 + (—460) = 463 Ib Ans.
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2-30. The magnitude of the resultant force acting on
the bracket is to be 400 N. Determine the magnitude of F;

if ¥=30°.

SOLUTION

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

(Fy), = F, cos

30° = 0.8660F,

3
(F,), = 650(§> = 390N

(F3), = 500 cos 45° = 353.55 N

(Fy), = Fysin30° = 0.5F,
4
(Fy), = 650 (g) = 520N

(F3), = 500 sin 45° = 353.55 N

Resultant Force: Summing the force components algebraically along the x and

y axes, we have

i) E(FR)][ =

+13(Fg), = 3F,,

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

FR =V (FR)JC2 + (FR)yZ

Solving,

2F,. (Fg), = 0.8660F; — 390 + 353.55

= 0.8660F; — 36.45

(Fg)y = 0.5F; + 520 — 353.55

= 0.5F, + 166.45

400 = V/(0.8660F

3645)" + (0L5F, 4

| 6645y

F2 + 103.32F; — 130967.17 = 0

F, =314N or

F, = —417N

Ans.

Ans.

The negative sign indicates that F; = 417 N must act in the opposite sense to that
shown in the figure.
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2-31. If the resultant force acting on the bracket is to be
directed along the positive u axis, and the magnitude of F;
is required to be minimum, determine the magnitudes of
the resultant force and F;.

S@OLUTI®N

Recrangular Coempenents: By referring te Figs. a and b, the x and y compenents ef
Fi.F5. F5, and Fg can be written as

(F1)y = Ficesé (F1)y, = Fisiné
(Fo)x = 650@) =39 N (Fy), = 650 (g) = 520N

(F3), = 8@ ces 45" = 35355 N (F;), = 588 sin 45° = 353,55 N

(Fr)y = Fpoesd5” = 070711 (Fr)y = Fpsin 45" = 0.70715 ¢

Resultant Ferce: Summing the ferce cempencnts algebraicallv aleng the x and
¥ axes, we have

i, 3(Fp), = 2F 0T8T g = Fiomsd — 3% + 35355 a
+1 2(Fg), = ZF; 7071 Fg = Fsin & + 328 — 35353 (2)
Eliminating /" x frem Eqs. (1) and (2). vields
e 28239
Fy= 3

cesd — Sin e
The first derivative of Ea. (3] is

ar, siné + ces @

= 5 4
dé (cos & — sin &) @
The secend derivalive of Ew. (3) is
F)  2siné + cosd) 1 s
e’ (cos & — sing)” cosé — sine ®)
Fer F, te be mini A o 0.Thus frem Eq. (4 L
or I, te pe mimimum, e = @.Thus, frem Lq.(4) (;J’ '4
. E=650H Jq
sing + ces¢ =0 Qo
tan ¢ = —1 = =
1 |
& = —45°
Substituting & = —45% inte Eq.(5). viclds
aF
- =070 =0
A
This shews that & = —45% indecd preduces minimum /7,. Thus, frem Eq. (3) (F;)y
(=)
082 4
Fp= 20239 = |43 47N = |43 N Ans.

ces (—45%) — sin (—45%)
Substituting & = —45% and I/, = 143.47 N inte cither Eq. (1) or Eq. (2), yiclds

Fr=91.9N Ans.
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22-32. If the magnitude of the resultant force acting on
the bracket is 600 N, directed along the positive u axis,
determine the magnitude of F and its direction F.

SOLUTION

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

(F1), = Fycos ¢ (Fy), = Fysiné

3

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

(Fg)y = 600 cos 45° = 42426 N (Fg), = 600sin 45° = 42426 N

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

X S(Fg), = SFy; 424.26 = F, cos b — 390 + 353.55 M)
F cos ¢ = 460.71

+13( Fg), = 3F,; 424,26 = Fisind + 320 — 35355 Q?)
Fysin ¢ = 257.82

Solving Eqs. (1) and (2), vields

¢ =29.2° F, =528N Ans.
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2-33. If F{=600N and ¥ = 30° determine the
magnitude of the resultant force acting on the eyebolt and
its direction, measured clockwise from the positive x axis.

SOLUTION

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

(FL)y = 600 cos 30°

519.62N  (Fy), = 600 sin 30° = 300 N

(Fo)x = 500 cos 60° = 250N (), = 500 5sin 60° = 433.0LN

(Ra)x = 450a?5’b = 270N (Fs)y = 450a:b = 360 N

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

Y ©O(R)x = ©OF;  (Fr)x = 519.62 + 250 - 270 = 499.62N =

+CO(Fr)y = OF,; (Fr)y = 300 - 433.01 - 360 = -493.01N = 49301N T

The magnitude of the resultant force Fpg is

Fr = 2(FR)Z + (R)? = 2499.622 + 493.012 = 701.91N = 702N Ans.

The direction angle u of Fg—Fig: b, measured-eteekwise from the x axis, is

e

)‘,]=493-am

A)
-( F (&)

u= tan'lg);E:;iR = tan'%iZZ:g;S = 44.6° Ans.
[
(F ) _
e "
(N ! i |
5 & i () 249962V
L x — == —— X
F 0 -60 ’)4(— 9 -’I
|
A4S 1 (2) [
' I %
i :"-Ja I
E=4204/ ?‘ F= 500N L.
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2-34. If the magnitude of the resultant force acting on the
eyebolt is 600 N and its direction measured clockwise from
the positive x axis is 0 = 30°, determine the magnitude of
F; and the angle T.

SOLUTION

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

(F)y = Fcos F (Fl)y = Fsinf

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

(F3)y = 450a b = 270N (R)y = 450a b = 360N

(Fr)x = 600c0os 30° = 519.62N  (Fg)y = 600sin 30° = 300 N

Resultant Force: Summing the force components algebraically along the x and y axes,
t O(FRR)y = ©OF; 519.62 = F cos ¥ + 250 - 270

F, cos F = 539.62 (1)
+CO(R)y = ©F,; -300 = Fy sin f - 433.01 - 360

F, sin ¥ = 493.01 2)

Solving Egs. (1) and (2), yields
f= 42.4"(.’> F, = 731N Ans.
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2-35. Three forces act on the bracket. Determine the y
magnitude and direction 0 of F, so that the resultant force

is directed along the positive u axis and has a magnitude of _
50 Ib. F;=521b

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5
R = OF; 50 cos 25° = 80 + 52a13b + Fycos (25° + u)

X

F> cos (25° + u) = -54:684 )
- . A TR0 — 12 - R
+C Rz, = OF; -50 sin 25° = 52a13b - K sin (25° + u)
F sin (25° + u) = 69.131 @)

Solving Egs. (1) and (2) yields
25° + u = 128.35° u = 103° Ans.

K = 88.11Ib Ans.
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22-36. If F, =1501lb and O = 55° determine the

magnitude and direction measured clockwise from the
positive x axis, of the resultant force of the three forces
acting on the bracket.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5
fFr, = OF; Fp =80+ 52a b + 150 cos 80°

X

= 126.05 Ib=
fCF, = OF, = 52212} - 150 sin 80°
I:Ry - y I:Ry - 13

= -99.721b = 99.72Ib T

The magnitude of the resultant force Fg is

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

The direction angle u measured clockwise from positive x axis is

FR
IR a2 b = 38.3°

u = tan-
Fr, 126.05

Ans.

Ans.

Fs=521b

F
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2-37. If £=230° and F; = 2501Ib, determine the
magnitude of the resultant force acting on the bracket and
its direction measured clockwise from the positive x axis.

5 F, =300 Ib

F,= 260 Ib

iQm%m: By referring to Fig. a, the xand y components of Fy, Fy, and F3 can be written as

(R)x =25000s30° = 216.51 Ib (Fy)y = 250sin30°= 1251b
2 12

F: = — = = Rt

(B3)x 26({13) 1001b &), 13] 2401

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

LE(Fp)c=2F;: (Fg)x=216.51+ 240-100=356.51 Ib —
+ TE(Fp)y =ZFy; (Fg)y =125-180-240=-2951b=2951b |

The magnitude of the resultant force Fp, is

Fp = "(FR ) +(F)y? = ¥356.51% + 2952 = 463 1b Ans.

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

= -1 (FR) = _{_295 = ©
6 =tan [-_—L(Fk)x] tan 356,51 39.6 Ans.
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2-38. If the magnitude of the resultant force acting on
the bracket is 400 Ib directed along the positive x axis,
determine the magnitude of F, and its direction F.

5 F,=300Ib

F3 =260 Ib

SOLUTION )
Rectangular Components: By referring to Fig. a, the xand y components of ¥y, ¥y, F3, and Fp

can be written as

(K)x = K cos¢ (F)y = F sing
4 3
3 =260 12 | =
(F),= Tg)—lOOlb (F3)y=2 13)—2440|b
(FR)x =4001b (FRr)y =0

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

t X(Fg)y = ZF,; 400= F cos¢ +240 — 100

Fj cos ¢ = 260 ()
+ T Z(Fr)y = 2Fy; 0= Fsing - 180- 240
F sin¢ = 420 )
Solving Egs. (1) and (2), yields
¢ =582° F =494 1b Ans.

= i X
fe=400 Ik

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

5 F, =300 Ib

Fs= 260 Ib

e Olgomponents: By referring to Figs. a and b, the x and y components of Fy, Fy, F3,and Fg

can be written as
(R) = Fjcos " (R)y =Fjsing
(Fp)y = 30({%) =2401b (02 )y = 300(—:') =1801b
(F3)s =260(-153-)=1001b (Fy)y = %):mnb
(Fp)x = Fr (Fr)y =0

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

+ T Z(Fg)y = ZFy; 0= Fsing - 180 240

A-
Y E(FR)y =ZF; Fg = Fycos¢ + 240-100 )
By inspecting Eq. (1), we realize that Fj is minimum when sin¢ = lor ¢ = 90°.Thus,
F =420 1b Ans.
Substituting these results into Eq. (2), yields
Fr =1401b - Ans.
b
= ' ;,;\i x
(b)
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22-40. Determine the magnitude of force F so that the
resultant force of the three forces is as small as possible.
What is the magnitude of the resultant force?

SOLUTI®N
X Fp, = SF,; Fr, =8 — F ces45° — 14 ces 30°
= —4.1244 — F ces 45°
+TFR_V = 3F,; Fr, = —F sin 45° + 14 sin 38"
= 7 — F sin 45°
Fi = (—4.1244 — F ces 45*) + (7 — F sin 45°)°
2Fp :’I“ = 2(—4.1244 — F ces 45%)(—ces 45%) + 2(7 — F sin 45%)(—sin 45°) = @
F = 2.03kN
Frem Egq. (1); Fr="787kN

Alse, (rem the ligure require

F + 14sin15° — $ces45° =0
F = 2.03kN

(FR)x' =0 = EFJ[';

(Fr)y = SF; Fg = l4ces 15" — 8sin 45°

Fr = 7.87kN

14 kN F

300 45°
4 8 kN

Flew

@

Ans.

Ans.

Ans.

Ans.
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2-41. Determine the magnitude and coordinate direction z
angles of the resultant force and sketch this vector on the

F,=801b

30°
40°

YF,=1301b

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

F, = {53.1i - 44.5j + 40k} Ib
F, = {-130k} Ib
FR=F +F,

Fr = {53.1i - 445j - 90.0K}Ib

Fr= 2 2 + (=445)% + (=90.0)* = 114 Ib Ans. &
53.1
— -1 — o
a = cos ¢113.65 =621 Ans.
-44.5
— -1, —_ o
b = cos ("113.6 < =113 Ans.
= coste20_ 140
g = cos ¢113.6_ = AnNSs.

62 62




© 20 12DPédrsarsaiu Erhitanionge Nt ppapsadtiddRiviRiver . NAI AlYirtg hisseesen,ethit hisataeiek ialpsqiectedtaddendet] aipyopyhrighvwisas tesheyrcemténtly
existxido o ooi o thiithisataeiel rabynay beprephockddd, dnyarfigrioron by byyanyeansangithdtiioperpeissiiesi am iritimi ficpfmotie tpeitplisHesher.

2-42.
and express each force as a Cartesian vector.

Specify the coordinate direction angles of F; and F,

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

Fy

ap

by

g1

az

by

92

{53.1i - 44.5] + 40k} Ib
_10;53.1< - 4840
cos 80 =~ 48.4

-445
80

cos™¢ < = 124°

40
-1,7h = 60°
Ccos 880
{~130K} Ib
‘1¢*0 < = 90°
€S "%130= 7

0
-1 — o
Ccos ¢130 < =290

0
< = 180°

-1
cos™ ¢ 130

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

F,=801b

30°
40°

\

yF,=1301b
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2-43. Determine the coordinate direction angles of
force Fi.

S@LUTI®N

Recrangular Cempenenis: By referring te Figs a, the x, v, and = cempenents of F,
can be written as

(F), = m(%) cos 8° N (F)y = m(%) sim 30 N (F), = 6»(%) N

Thus, F) expressed in Cartesian vecter ferm can be written as
F, = ill{% cas 30 +i) + % sim 3% —j) + %(+k}} M
= alB[8.e%IEi — B.4f - ak] ™
Therciers, the unit vecier fer F, is ziven by

F, 600(0.6923i — 0.4j + 0.6k ) .
np, == o = 0.6928i — 0.4 + 0ok

The ceerdinate direction angles of F, are

o = cos \(up,), = cos (0.6928) = 461" Ans. x

B = ces '(up), = cos'(—0.4) = 114* Ans. (Q)

y = ces '(up,), = ces '(0.6) = 53.1° Ans.
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22-44. Determine the magnitude and coordinate direction
angles of the resultant force acting on the eyebolt.

S@®LUTI®N

Ferce Vecters: By reselving I and F; inte their x, v, and z cempenents, as shewn in
Figs. m and b, respectively, they are expressed in Cartesian vecter ferm as

F, = m(%)cos 30%(+i) + 6..(%)xin J0t(—j) + 6“(%)("‘")
= {415.6% — 2485 + Jadk] N

Fo = @i + 450 Ces 45°(+j) + 450sin 45°(+Kk)

{21828 + 31828k ] N

Resulrant Ferce: The resultant ferce acting en the eyekali van ke ebtained by
vecterally adding F, and F,. Thus,

FR=F1+F2

(415.6% — 249) + 3e0k) + (318,20 + 318.20k)

= {4150% + 7E28) + 7520k | M

The magnitude of Fgis given oy

Fp= '\;';t Fri, ™ + (Fa)t + (Fp)* Z"
= V(415.69)" + (78.20)" + (673.20)" = 79929 N = 794 N Ans.
A
The ceerdinate direction angles of 'y are fK
(Fa) (us.so) ) FE=450N
— I _RT L ape=l] 22207 — .
o = ces [ e | cos ( Sqe0 58.7 Ans. 'l 4
5
T(Fr)y " 78.20
| 1 ) -
Cces | Fr ] ces (7”‘2,) $4.4 Ans. x
(Fr) 678.20 ‘ +J (E») \
o [] _ r(6520) _ 1 A Ty
y=e Fr | 79929
C))
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2-45. The force F acts on the bracket within the octant
shown. If F = 400N, b = 60°,and g = 45°, determine the
X, Y, Z components of F.

%QMMIIA@I&: Since B and yare known, the third angle @ can
be determined from

cosza+coszﬂ+ ooszy =1

cos? &t +cos? 60° + cos2 45°= 1

cos = +0.5

Since F is in the octant shown in Fig. @, 6, must be greater than 90°. Thus,
@ = cos~)(~0.5) = 120°.

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

be written as
Fy = Feos @ = 400005 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.

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

%M ganonenls: The magnitude of F is given by
F= J,,;z +F2+F?
F= ﬁz +Fy2+ 600

F? = F,% +450 000 ()
The magnitude of Fy, is given by
Fy = Foos 60°=0.5F )

Solving Eqs. (1) and (2) yields
F =774.60N =775N Ans.
F, =387N Ans.

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

is given by
4 & —1f 300
= — | — =113 Ans.
o =008 ( F) ©08 774.60)

The third coordinate direction angle is

y =ws'l[:?)=cos"(%)=39.2° Ans.
4
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2-47. Express each force acting on the pipe assembly in
Cartesian vector form.

SOLUTION
Rectangular __Components: Since  cos®a, + cos’ b, + cos’g, = 1, then
cos b, = ;21 - cos? 60° - cos? 120° = ;0.7071. However, it is required that FzFé 4é§?b|b

b, 6 90° thus, b, = cos~1(0.7071) = 45°. By resolving F, and F, into their x,y, and
z components, as shown in Figs. a and b, respectively, F; and F, can be expressed in
Cartesian vector form, as

Fi

600agb(+i) +0j + 600a2b(+ k)

[480i + 360K] Ib Ans.

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

[200i + 283j - 200K] Ib Ans.
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22-48. Determine the magnitude and the direction of the
resultant force acting on the pipe assembly.

SOLUTION

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

; 21 - cos? 60° - cos? 120° = ; 0.7071. However, it is
b, 6 90° thus, b, = cos~%(0.7071) = 45°. By resolving F, and F, into their x,y, and
z components, as shown in Figs. a and b, respectively, F; and F, can be expressed in

Cartesian vector form, as

Fi = 600a2b(+i) + 0] + 600a2b(+k)

{480i + 360K} Ib

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

{200i + 282.84j - 200k} Ib

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

FR:F1+F2

(480 + 360K) + (200 + 282.84j - 200K)
= {680i + 282.84j + 160K} Ib

The magnitude of Fg_is

H?: 2(5)2 + (E)Z + (E)Z
26802 + 282.842 + 1602 = 753.66 Ib = 754 Ib

The coordinate direction angles of Fy are

(FR)x 680
a = cos !B R = cos~1¢ < = 255°
e 753.66
b = -1B(FRE)YR = '1¢282'84< = 68.0°
= cos = 005710, o< = 68.
(FR), .. 160
g = cos™'B Fs R = cos™'¢ <=717°

then cosg, =

required that

Ans.

Ans.

Ans.

Ans.

F, =400 Ib
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2-49. Determine the magnitude and coordinate
direction angles of F; = 560i - 50j + 40k6 N and
F, = 5-40i - 85j + 30k6 N. Sketch each force on an x, y,
z reference frame.

F=2501b

SOLUTION

F, = 60i - 50j + 40k

F, = 216022 + 1-5022 + 1402% = 87.7496 = 87.7N Ans.
60
= -1 = o
a; = cos a87.7496b 46.9 Ans.
-50
= -1 = o
b; = cos 87.7496b 125 Ans.
40
= Ao, b =629 5
91 = €05 "8g7 7496 Ans
F, = -40i - 85j + 30k
F, = 21-402% + 1-8522 + 13022 = 98.615 = 98.6 N Ans.
= cos A p = 114° Ans
a, = Cos ngﬁlsj = .
-85
= -1, — = o
b, = cos 398.615b 150 Ans.
1 3 _ o
g2 = cos 98615 - 72.3 Ans.
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2-50. The cable at the end of the crane boom exerts z
a force of 250 Ib on the boom as shown. Express F as a
Cartesian vector.

F=2501b

SOLUTION
Cartesian Vector Notation: With a = 30° and b = 70°, the third coordinate
direction angle g can be determined using Eq. 2-8.
cos’a + cos’ b + cos’g = 1
cos® 30° + cos? 70° + cos? g = 1
cosg = ;0.3647

g = 68.61°0r 111.39°
By inspection, g = 111.39° since the force F is directed in negative octant.

F = 2505co0s 30°i + cos 70°j + cos 111.39°6 Ib

{217i + 85.5) - 91.2k} Ib Ans.
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2-51. Three forces act on the ring. If the resultant force z
Fr has a magnitude and direction as shown, determine

the magnitude and the coordinate direction angles of force F5.

SOLUTION L
Cartesian Vector Notation: F/~ 80N |
Fr = 120{cos 45°sin 30°i + cos 45°cos 30°j + sin 45°k} N "
= {42.43i + 73.48j + 84.85k} N
Fp = Sobii +§kr N = {64.0i + 48.0k} N X

F, = {-110k} N

Fs = {R,i + F3yj + F3, kN
Resultant Force:
FR=F +F, + g

{42.43i + 73.48] + 84.85k} = [A64.0 + R §i + Fa i + #48.0 - 110 + R B IF
Equating i, j and k components, we have

64.0 + Fy = 42.43 Fy, = -2157N
Ry, = 73.48 N
y

480 - 110 + Fy = 8485  Fy = 146.85N

The magnitude of force F, is

R = 2F% + F§ + F3

= 2(-2157)% + 73.48% + 146.852
= 16562 N = 166 N Ans.

The coordinate direction angles for F5 are

_B._ 2157 = 975° A
cos a = i 165.62 a= o ns.
By, 7348
3
= 3= b = 63.7°
cos b - 165 62 Ans.
_ _h._ 14685 = A
€S0 = = £ 7 16562 s 2t ns
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*2-52.  Determine the coordinate direction angles of F;

and Fg.
SOLUTION
UnitVector of F; and Fy:

Ur, = g1+ Sk = 08i + 06K

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

= 0.35361 + 0.6124j + 0.7071k
Thus, the coordinate direction angles F; and Fy are

cosag, = 0.8 ag, = 36.9° Ans.
cos bg, = 0 bg, = 90.0° Ans.
cos gg, = 0.6 gg, = 53.1° AnS.
cos ag = 0.3536 ar = 69.3° Ans
cos by = 0.6124 bg = 52.2° Ans.
cos gg = 0.7071 gr = 45.0° Ans

7373



© 20 12DPédrsarsaiu Erhitanionge Nt ppapsadtiddRiviRiver . NAI AlYirtg hisseesen,ethit hisataeiek ialpsqiectedtaddendet] aipyopyhrighvwisas tesheyrcemténtly
existxido o ooi o thiithisataeiel rabynay beprephockddd, dnyarfigrioron by byyanyeansangithdtiioperpeissiiesi am iritimi ficpfmotie tpeitplisHesher.

2-53. If a = 120°, b 6 90°, g = 60°, and F = 400 Ib,
determine the magnitude and coordinate direction angles
of the resultant force acting on the hook.

X

SOLUTION

Force Vectors: Since cos2a+ cos2 +cos2y =1, then cos B = +¥1—cos2120° — c0s260° = 0.7071.
However, itis required that § < 90°, thus, 8 = cos ~1(0.7071) = 45°. By resolving F; and F; into their x, y, and
components, as shown in Figs. aand b, respectively, F; and F;, can be expressed in Cartesian vector form as

F = mo(is)sixem(n)mm{%)weomjn m{%)(-k)

= {240i +415.69 360K} Ib
F = 40005 120°% + 400008 45°§+ 400 cos 60°k
= {~200i + 282.84+ 200k} Ib

Resultant Force: By adding F; and F vectorally, we obtain Fp.
Fgr =F;+F
=(240i +415.69j— 360k) + (-200i + 282.84j+ 200k)
={40i + 698.53j - 160k} Ib

The magnitude of Fg is

Fg = J(FR )+ Ry +(FR)?

=4(d0)2 + (698.59? + (~160)? =717.741b=T181b Ans.

The coordinate direction angles of Fy are

@ = cos~1| R =m-l(i)=sss° Ans.
Fg 774

p =m_l (I'-_R-)L =008 -6&%)=13_3° Ans.
Fr | 774

Y= “—l @.{ = m_l(ﬁ)= 103° Ans.
Fr 717.74
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2-54. If the resultant force acting on the hook is
Fr = 5-200i + 800j + 150k6 Ib, determine the magnitude
and coordinate direction angles of F.

SOLUTION

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

F = ml(-:-)ﬁnm"(ﬁ)'l- 60({% 'cm30°(+j)+6(¥{§)~k)

={240i + 415.69j— 360k} Ib
F = F cosad + Foos fj+ Foosfk

Resultant Force: By adding F; and F, vectorally, we obtain Fp . Thus,
Fp =F;+F
=200i +800j+ 150k = (240§ +415.69 =360k ) + (F cos Oi+ F cos8 yj+ Feos 6,k )
— 200i +800j+ 150k = (240+ Fcos )i+ (415.69 + F cos B)j+ (F cosy —360)k

Equating the i, j, and k components, we have
—200 = 240+ Foos 6,
F cosa = -440 ®

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

150 = Foosy — 360
F cosy =510 3

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

However, cos? & +cos? B+ coszy = 1. Thus, from Eq. (4)
F =T71549N =775N Ans.

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

&
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2-55.  The stock mounted on the lathe is subjected to a
force of 60 N. Determine the coordinate direction angle b
and express the force as a Cartesian vector.

SOLUTI®N
1= %o s + cos” B + cos’y X
| = cos” @l® + ces” @ + ces® 457
ces B = + 05
B = 60° 120°
Use
B = 120° Ans.

F o= o® N(ces o8°i — Cos 120% + ces 45°k)

= [30i — 38j + 424k} N Ans.
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22-56. Express each force as a Cartesian vector.

S@LUTI®N

Recrangular Cempenents: By referring te Figs. a and b, the v, v, and z cempenents
of F; and F, can be writlen as

F, =500 N
(Fp), = 308 ce 38" = 2588 N (Fp), = 588 ces 45% 5in 38" = 178,78 N
(F)y =0 (Fy), = 508 ces 45 ces 387 = 306,19 N
(Fy), = 38®sin 38* = 158 (F,), = 5##sin 45% = 353,55 N

Thus, Fy and F; cun ®e written in Cartesian vecter ferm s
F, = 259.81(+i) + ®j + 150(—k)
= {260i — 150k} N Ans.
F, = 176.78(+i) + 306.19(+j) + 353.55(—k)
= 2{177i + 306j — 354k} N Ans.
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2-57. Determine the magnitude and coordinate direction
angles of the resultant force acting on the hook.

y

SOLUTI®N

Ferce Vecters: By reselving F, and F; inte their x, v, and z cempencnts, as shewn in
Figs. a and b, respectively, F; and F> can be expessed in Cartesian vecter [erm as

F,=500 N
Fy = 300 Ces 20°(+i) +~ 0 + 200sin 30°(—Kk)

[259.81i — 150k] N

F; = 500 ces 45%in 30°(+i) + 500 ces 45° cos 30%(+j) + 500 sin 45°(—Kk)
[170. 781 — 30%.1% — 35355Kk] N

Resultant Ferce: The resultant ferce acting en the heek can se eblained by vecterally
adding F, and F,. Thus,

FR = F1 alx Fz
= (259.81i — 150k) + (176.78i + 306.19j — 353.55k)
= [436.58i) + 306.19] — 503.55k] N

The magnitude of Fgis

Fp="(Fp' + (Fp), (Fr)’
- V(436.58)° + (306.19)7 + (—503.55)> = 73343 N = 733 N Ans.

The ceerdinate direction angles of Fp are

= cos | R | _ .( 43658\ _ ...
._,C = Ce5 [ F.; } = Ces \7;;._4:1) = 535 Ans.
[ (Fr)s ] 306.19
= ) e = cac- i —_Z - 3
0, s [ Fr | ces ( 733, “) 85, Ans.
L [CFR): 583.55
.z = (es '['*F;;’] = C.sfl('_"}'—l"}‘) = 133* Ans.
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2-58. Determine the magnitude and coordinate direction
angles of F, so that the resultant of the two forces acts along
the positive x axis and has a magnitude of 500 N.

§QI(1HI‘3!QJ}L:160'I + (180 cos 15°) cos 60° ) — 1803in 15°k F, = 180N

=150.57i+86.93j-46.59k
BE=Rosmi+ Reshj+rFKRoosnk
Fr = (S00i} N
R=FK +§
i components :

500 = 150.57 + F cos &

Ry =F cosap = 349.43

Thus,
J components :
0=86.93 + sy & = JRTI+Rj+FRi = /(349.437 + (-86.93)" + (46.59F
R,=FKcosp, = -86.93 R = 363N Ans
k components : o = 15.8° Ans
0= ~-4659 + Rcosy B = 104° Ans
F,=Rcosp = 46.59 n = 82.6° Ans
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2-59. Determine the magnitude and coordinate direction
angles of F, so that the resultant of the two forces is zero.

SOLUTION )
F, = (180cos 15°) sin 60° | + (180 cos 15°) cos 60° ) - 180sin 15°k

F1=180N

= 150.571+86.93 J-46.59k

RsRosmi+s Reoshj+ Reosnk

Fa= @
| components : k components :
0=150.57+FK cos 0=-46.59+K cos
R cos; = -150.57 R cos 4 =46.59
§ components : F = (~150.57) + (-86.93)* + (46.597
0=8693+K cos B,
&“A = -86.93 Salving,
&£ =180N Ans

a = 147° Ana
B = 119° Ans

% = 75.0° hms
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to the three forces shown. Express each force in Cartesian
vector form and determine the magnitude and coordinate
direction angles of the resultant force.

453

SOLUTION

Cartesian Vector Notation:

F, = 3505sin 40°j + cos 40°k6 N

5224.98] + 268.12k6 N

5225j + 268k6 N Ans.

F, = 1005cos 45°i + cos 60°j + cos 120°k6 N

570.71i + 50.0j - 50.0k6 N

570.7i + 50.0j - 50.0k6 N Ans.

Fs = 2505c0s 60°i + cos 135°j + cos 60°k6 N

5125.0i - 176.78j + 125.0k6 N

5125i - 177j + 125k6 N Ans.

Resultant Force:

FR:F1+F2+F3

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

5195.71i + 98.20j + 343.12k6 N

The magnitude of the resultant force is

Fr = 2Fk, + F& + Ff,

2195.712 + 98.202 + 343.122
407.03N = 407 N Ans.

The coordinate direction angles are

Fr, _ 195.71 a = 6130
cos a T E, 0703 : Ans.
Fr 98.20
= = b = 76.0°
cos b i 407-03 Ans.
FRZ _ 34312 _ .
cosg = _ o708 7 325 Ans.
R
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2-61. If the resultant force acting on the bracket is z
directed along the positive y axis, determine the magnitude

of the resultant force and the coordinate direction angles of
Fsothat b 6 90°. ﬁ\

SOLUTION

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

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

{259.81i + 450j - 300k} N X

F = 500 cos ai + 500 cos bj + 500 cos gk

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

Fr = Frj

Resultant Force:
FR=F +F
FrJj = (259.81i + 450j - 300k) + (500 cos ai + 500 cos bj + 500 cos gk)

Frj = (259.81 + 500 cos a)i + (450 + 500 cos b)j + (500 cos g - 300)k

Equating the i, j, and k components, X
0 = 259.81 + 500 cos a
a = 121.31° = 121° Ans.
= 450 + 500 cos b 1 25,
R ) F=koo N

0 = 500 cosg - 300

g = 53.13° = 53.1° Ans.

However, since cos? a +tos* b=+ cos* g =T, a=121.31°,and g = 53.13°,

cos b = ;21 - cos? 121.31° - cos? 53.13° = ;0.6083
If we substitute cos b = 0.6083 into Eq. (1),

Fr = 450 + 500(0.6083) = 754 N

and

b = cos™!(0.6083) = 525°
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2-62. Determine the position vector rdirected from point
Ato point B and the length of cord AB. Take z = 4 m.

SOLUTION
Position Vector: The coordinates for points Aand B are A(3,0, 2) m and B(0, 6,4) m,
respectively. Thus,
a8 = (0-3)i+(6-0)j+(4-2)k
={-3i+6j+2k} m Ans.
The length of cord AB is

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

SOLUTION X

Position Vector: The coordinates for points Aand B are A(3, 0, 2) m and B(0, 6, z)m,
respectively. Thus,
r4p = (0-3)i+(6-0)j+(z-2)k
={3i+6j+(z-2)k} m

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

rap =75=w3)2 +62+ (- 2)°

56.25=45+(z-2)%
z—-2=43354
z=535m Ans.
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22-64. Express the position vector r in Cartesian vector 2
form; then determine its magnitude and coordinate |
oIt g
ZLft
¢
30°
6‘2 o
75
X A
SOLUTION
r = (-5cos 20°sin 30°)i + (8 - 5cos 20° cos 30°)j + (2 + 5sin 20°)k
r = {-2.35i + 3.93j + 3.71k} ft Ans.
r= 2(-2.35)% + (3.93)% + (3.71)> = 5.89 ft Ans.
-2.35
= -1 = o
a=c0sTa g h = 113 Ans.
3.93
= -1, =22 — o
b = cos agggl = 48.2 Ans.
87 L
g = cos 1a5.890 = 51.0 Ans.
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2-65. Determine the lengths of wires AD, BD, and CD.
The ring at D is midway between A and B.

SOLUTION

2+oo+21.5+0-5bm:D(1,1,1)m
2 2 2 '

Da

fap = (L - 2)i + (@1 -0)j+(1-15k

-1i + 1j - 0.5k

rep = (L - 0)i + (1 - 2)j + @ - 0.5)k

1i - 1j + 0.5k

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

=1 +1j - 1k
Fap = 2(-1)% + 12 + (-0.5)2 = 150 m Ans.
rep = 212 + (-1)2 + 052 = 1.50m Ans.
rep = 212 + 12 + (-1)? = 1.73m Ans.
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2-66. If F = 5350i - 250j - 450k 6 N and cable AB is
9 m long, determine the X, y, z coordinates of point A.

SOLUTION

Position Vector: The position vector ¢ g, directed from point A 1o point H,is given by
tap =[0— (=0)]i + (0 — y)j + (0 = 2)k

=xi—yj—zk
Unirt Vecror: Knowing the magnitude of vy 18 9 my, the unit vector for r 4 is given by

rap _ xi —yj—zk

Uyp = =
r'aAp 9

The wnit vector for force I is

F 3501 — 250§ — 450k »
e =—=- = ————— = 0.5623i — 0.4016j — 0.7229
F —

V3507 + (—250) + (—450)°

Since force F is also directed from point A to point B, then

Uyp = Up
xi— yj — zk R . .
3 = 0.56231 — 0.4016j — 0.7229k

Equating the i, §, and K components,

g = 0.5623 X =506m Ans.
—y

9 - —0.4016 y=36lm Ans.
%Z = 0.7229 =651 m Ans.
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2-67. At agiven instant, the position of a plane at A and a z
train at B are measured relative to a radar antenna at O.
Determine the distance d between A and B at this instant.
To solve the problem, formulate a position vector, directed

from Ato B, and then determine its magnitude. 5km

SOLUTI®N
Pesition Vecrer: The ceerdinales of peinis A and B are

Al—5 cos o8® ces 35%, 5 ces @l® 5in 35%, 5 sin @8*) km

= A(—2.048, —1.434,4.330) km

B2 cas 25% sin 48°, 2 cex 25% ces 48%, —2 sin 25°) km

= (1,185, 1,38%, —0.845) km

The pesitien vecter rqg can be csiublished frem the ceerdinates of peinis A and B.
rap = {[1.165

(—2.048)]i + [1.389 — (—1.434)]j + (—0.845 — 4.330)k| km

= [3.213i + 2.822j — 5.175)k| km

The distance between peinis 4 and B is

Ans.
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22-68. Determine the magnitude and coordinate direction z
angles of the resultant force.

SOLUTION

- —loo(g)maon + lOOG)cmAO“] » IMG)I

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

4

tr,-snb(9

7 4
-51-5¢)
= {36 1-63j-36k}b

Fp=F +K = (-25671~-17.04j - 116.0k} b

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

-2.567
-1 = o
@ =Ccos (———“7‘27) 91.3 Ans
-17.04
-1 CJ
B =cos (———“7' )=98.4 Ans
o -l16.0)= .
e (117.27 L
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2-69. Express Fg and F¢ in Cartesian vector form.

SOLUTI®N

Ferce Vecrers: The unit vecters ug and uc of Fp and Fr must ke deicrmines
first. Frem Fig. a

s (—1.5 — 5% + [-2.5 — (—1.5)]] + (2 — ¥k

ug = = E
™" W(-15—85PF + [-25 — (—1.5)F + (2 — o
2, 1, 2 3
=3T3tk 45-252)
37 37 s BT 4% 4/m C(-15,05,35)m
e (~1.5 — 0.5)i + [05 — (~1.5)]j + (3.5 — Ok
Ue =-—"—=— = (4
o A{=1.5 — 5P + [85 — (=1.51F + (35 — #)°
4. 47
=——i+—j+-k
o' "ol Ty

Thus, the ferce vecters Fgand Fe are given by

2, 1, 2 - ;
Fg= Fgug =ill[ Elf}] +§k) = [ 408 — M o+ Aek| N

@)

4 4
FC FCuC = 45.(7;i + ;j + %k) = ‘! 2w 4 :'“j | .:l":l.ki 'l A]]S,
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2-70. Determine the magnitude and coordinate direction
angles of the resultant force acting at A.

SOLUTI@®@N y
Ferce Vecrers: The unit vecters up and uc of Fp and Fr must we determined
first. Frem Fig. &«
rs (—1.5 — 850 + [-2.5 — (—1L.5))j + (2 — &)k
u' =N — F
ROW(—15— 857 + [-25 — (—15F + (2 — 8y
2 1 2
= *Ei - ?j + Ek &
S BL/5252)m C(—15,05,35)m
o (—1.5 — 0.5) + [835 — (—1.5)] + (3.5 — #)k ’
uC =N —
e Wi-15— 057 + [85 — (—1.5F + (3.5 — 8 (4
4, 4, 7
=——i+—j+ -k
o' "ol Ty

Thus, the ferce veciers Fgand Fooare given by

Ko5,~150)m

2 1 2
Fg= Fgug =08 —Zi— —j+ k)= { 408 — 209j |
¥ g L 3l 3J+3) | —A0Wi a8 - Aelk] ™ x .}
@)
4 4 7
Fo=Feue = 450<7;i +;j +;k) = {—2emi + Je@j + 350k] ™

Mesuliant Farce:

Fp=Fg+ Fo = (—400i — 200] ~ 400Kk) + (—200i +~ 200j + 350K)
= {—600i + 750k} N

The magnilude ol Fg iz

Fp="N(Fp)" + (Fp),” + (Fp)."

V(—608)° + & + 758° = 96047 N = %68 N

The ceerdinale direction angles of Fy are

(F ' -
&« = Ces |.J I:"] = Ces ‘(*":.:7) = 129° Ans.
L[] "( ; ) " A
B = Cces | Fr | ces 96047 ns.
[(Fn):] 760
Y = Ces I“ ;_!R” J = Ces !("’/.’47;) = 38.7* Ans.
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2-71. The tower is held in place by three cables. If the
force of each cable acting on the tower is shown, determine
the magnitude and coordinate direction angles a, b, g of the
resultant force. Take x = 20m,y = 15m.

SOLUTION
20 15 24
Foa = 40083, 661 * 34667 ~ 3466 <* N
-6 _4  _24 x.
Fos = 80025 561 * 25067 ~ 25,06 KON
Foc = 600aéii - éij - ij, kb N

Fr = Fpa + Fpg + Fpc

= {321.66i - 16.82j - 1466.71k} N

Fr = 2(321.66)% + (-16.82)% + (-1466.71)°

= 1501.66 N = 1.50 kN Ans.
as= cos‘la%b = 776° Ans.
b = cosla 1_523'220 = 90.6° Ans.
g = cos‘la%o = 168° Ans.
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22-72.  The man pulls on the rope at C with a force of 70 Ib
which causes the forces F, and F. at B to have this same
magnitude. Express each of these two forces as Cartesian
vectors.

S@®LUTI®N

Unir Vecrers: The ceerdinaic peinis A, B, and C are shewn in Fig. a. Thus,

T4 5-=CEDi+[-7-9]i+ G- 98k

uA=Z=\/7727772 _ )2
B-CDF+[-7T-9F+6-9
6 2 3
L PR PR
7 itk
poofo o B CEDEF[F7E+ (4~ 9k
o= =
VIS = CDF TSP+ (-8
3, n 6. n 2k Bt-1,-58)5
BRI AN
Ferce Vecters: Mulliplying the magnitude of the ferce with i1s unit vecler, S f

ALG -7 SRt
F,=F —70(5'7%'+§k)
A Al 71 7J 7

_ R :
[ai — 20f « 3ok e Ans. - €05, 7408
- £ _.(3_ ., zk)
= = + + X
¢ = fel 777 H Ty +
X
= {38 + olj + 20Kk} | Ans. @)
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2-73.  The man pulls on the rope at C with a force of 70 Ib
which causes the forces F, and F. at B to have this same
magnitude. Determine the magnitude and coordinate
direction angles of the resultant force acting at B.

SOLUTI®N
Ferce Vecters: The unit vecters ug and uc of Fp and Fo musi e determined firsi. X
Frem Fig.

_ra_ B -CEDE+[F7E5)] + G - )k
Uy = =

4 V5 - (-DF + [FISE + 6 - 8P
6., 2, 3
= 71 + ? + ?k

_re _ 5D+ [-T(5))i + (4 -k

“C - -

B, -58)4t
g

VIS~ GO+ [FIESE + (- 92
= g' + E' + gk
AT

&

Thus, the ferce vecters Fgand F- are given by

3 2 3
Fy=F u, = 7|<fi -—j+ fk) = [l — 20j « 30k) I
7 7 L ~ (5, 74f¢t
= - 3, 6, 2 A .
Foe=Fru- =70 -;-'l -+ 7, + :;'k = (8 - alj = 20k] | .
Resulinnt Ferce: @)

Fr=F, + F, = (68 — 28 — 30k) + (38 + e8j — 20k)
= (%8 + 48j — Sek] Ib

The magnitude of Fgis

Fp=V(Fp),> + (Fg),* + (Fp).*

\/”{90)'z + (40)° + (—50)° = 1104510 = 11010 Ans.

The ceerdinale direction angles of Fy are

[(Fg) *»
— | el 0/ ) (S cos | ——— = 3 .
o = Ces | Fr ] oS (IIOAS) 354 Ans.
(Fp), 40
) | ) | °
B = Cces [ Fa ] ces (110.45) 3.3 Ans.
(Fn)- ( —-50
= can~ 2% | = ;rae™l e .
Y = ces [ Fa ] ces ‘ '..45) 117 Ans.
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2-74. The load at A creates a force of 60 Ib in wire AB. 2
Express this force as a Cartesian vector acting on A and
directed toward B as shown.

SOLUTION

Unirt Vecror: First determine the position vector v, The coordinates of point B are

B (5 s5in 207, 5 cos 30°,0) ft = B (2.50, 4,330, 0) fu

Then

Tap = 1(2.50 — OF + (4.330 — 0y + [0 — (— 10k} fi
= {2508 + 4.330§ + 10k} fi
Fap = VS0P + 43307 + 1007 = 11,180 i

rap 2508 + 43305 + 10k
Fap 11.180

Ugp =

= 022361 + 0ART3j + 0504k
Force Vector:

F = FllAB

|

60 {0.2236i + 0.3873j + 0.8944k} Ib

{1341 + 232§ + 537k} Ib Ans.
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2-75. Determine the magnitude and coordinate direction z
angles of the resultant force acting at point A.

F, =200 abn

SOLUTION s
Fac = {31;0*5;'——41{}_017 . 3
IFacl = 23% + (-0.5)? + (-4)* = 225.25 = 5.02494 «
- =05 -4k _ . .
Fp=200a" _ o0, b = (119.4044i - 19.9007] - 159.2059k)

rag = (3 cos60° + (1.5 + 3sin60°)j - 4k)

rag = (L5i + 4.0981) + 4Kk)

Iragl = 2(1.5)% + (4.0981)> + (-4)? = 5.9198

1.5i + 4.0981j - 4k _ ,
F, = 150a 5 0108 b = (38.0079i + 103.8396j - 101.3545Kk)

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

Fr = 2(157.4124)% + (83.9389)2 + (-260.5604)% = 315.7786 = 316 N Ans.

157.4124
— -1, =727 — o — o
a = cos a315.7786° = 60.100° = 60.1 Ans.
83.9389
- -1, =IO - o — o
b a315.77860 = 74.585° = 74.6 AnS.
= cos1a 200007 5 600 = 1467
9 = COS7a 3157786 P T FO0 Ans.
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22-76. Two cables are used to secure the overhang boom
in position and support the 1500-N load. If the resultant
force is directed along the boom from point A towards O,
determine the magnitudes of the resultant force and forces
Fgand F..Set x = 3mand z = 2m.

SOLUTION

Force Vectors: The unit vectors u 5 snd u~ must be determined first. From Fig. a.
B J2-0+(0-62+(3-0?

ae =L 3OO OOk 3, 6. 2,
T Jo-02+0-62+2-02 7 T 7

Thus, the force vectors Fy and Fe are given by
2 6 3
Fg=Fgup l-_,F.l-_’F.j'O 7'".[

3 6 2
Fe =Ffpue = -;Fcl—;l"cj+7f'cl

Since the resultant force Fg is directed along the negative y axis, and the
load W is directed along the zaxis, these two forces can be written as
Fgp=-Fg} and W = [~1500k] N

Resultant Force: The vector addition of Fg , Fo, and W is equal to Fg . Thus,
Fg =Fg +Fc + W

2 6 3 3 6 2
-F,j-(-;F.l-;F.j+7F,t)+(7Fcl- 7ch+ 7Fcl)+( 1500k )

2 3 6 6 3 2
-FRJI[—;FQ +"7"Fc}#(—7fg- 7Fc}'+(7f'.+ 7’& ISOO}

Equating the i, § and k components,

2 3
0-—7F3+7Fc )

-Fp =--‘7'!r,--$rc @)

UL
0= =Fy +=Fc ~1500 &

Soiving Egs. (1), (2),and () yields e(3,0,2)M
Fe = 161538N = L.62kN
Fy = 2423.08 N =242kN
Fp = 3461.53N =346 kN

Te

FFE
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2-77. Two cables are used to secure the overhang boom in
position and support the 1500-N load. If the resultant force
is directed along the boom from point A towards O,
determine the values of x and z for the coordinates of point
C and the magnitude of the resultant force. Set F; = 1610 N

and Fc = 2400 N.

SOLUTION
Force Vectors: From Fig. g,
o _rp_ (2-0)i+©0=-6j+(3-0k _ 2. 6.3
.B-m-J 2 2 > =itk
(2-0)%+(0-6)> +(3-0)
T (x=0)i+(0-6)j+(z-0)k x 6 < g
o e e e e e | F St B
e J(x—0)2+(o-6)2+(:—0)" 2 +:2436 242436 24:%436
Thus,
Fp = Fgup =161({—%i-%j+%k)=[—460!-1380j+690k]N z

¥r = B ——-x———i_; —:
e M{sz+:2+36 Jt_z+:2+36j+sz+:2+36

_ 2400x i 14 400 §+ 2400z 3 p20m
£2+:2+36 Jx2+:2+36 Jx2+:2+36 €29,

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

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

Resultant Force:

Fp =Fg +Fc + W

2400x 14 400 2400z
~FRj= (~460i - 1380+ 690k ) + |~ — e j + ==k | +(~1500k)
Pr2436 P +2436 VP +22+36

—FRj=[ 240 -460}—[ e 1300 +[690+ 20 —lSOO]k

Jx2+:—.2+36 2,:2436 x2 +2% +36

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

0= e — - 460 —_— =460 m
£2+:2+36 x2+:2+36
"FR - 14400 —+ 1380 Fp =.——l44m +1380 2)
x2+:2+36 x2+:2+36
0= 690 + =02 ___ _ 1500 .. 3
Jx2+:2+36 £2+:2+36
Dividing Eq. (1) by Eq. (3), yields
x=0.5679z 4)
Substituting Eq. (4) into Eq. (1), and solving
z=2197m=220m Ans.
Substituting == 2.197 minto Eq. (4), yields
x=1248m=125m Ans.
Substituting x = 1.248 m and £ = 2.197 m into Eq. (2), yields
Fp =3591.85 N =3.59kN Ans.
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2-78. Given the three vectors A, B, and D, show that z
A'(B + D)= (A'B) + (A'D).

SOLUTION
Since the component of (B + D) is equal to the sum of the components of B and D, then
A:(B+D) = A'B+A'D (QED)
Also,

A-(B+D) = (Ad + A + AKk) -[(B: + Doi + (B, +Dy)J + (B, + D,)k]

= A(B, + D) + A, (B, +D,) + A(B, + D)
=(AB; + A By + AB)+ (AD: + AD,+ AD,)

= (A'B) + (A-D) (QED)
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2-79. Determine the angle 0 between the edges of the
sheet-metal bracket.

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

r.'r, = (400) (50) + 0(300) + 250(0) = 20 000
!

rn-rn

cos~1¢ <
i

ey
1

. 20000

= 005" 471 70) (304.14)= = 820 Ans.
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*2-80. Determine the projection of the force F along

the pole.
F A {2i + 4j + 10k} kN
/o
/Zm

SOLUTION \\ T

2 2m \ im

‘ 2 1

Proj F = Flu, = 12i + 4j + 10k2 a% i + g = gkb X

Proj F = 0.667 kN
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2-81. Determine the length of side BC of the triangular 2
plate. Solve the problem by finding the magnitude of rg;
then check the result by first finding O, rg, and r,. and A ‘-‘
then using the cosine law. L s

T
|
S
3

im £
SOLUTION \ )

ne={31+2j-4k}m -

ric= /(P +(2P +(~47 =25.39m  Ans “

Also,

&=

fe={3i+4j-1k}lm

rac = (3P + (@7 +(=1)* = 5.0990 m

e ={2j+3k}lm

Tag = J(Z)‘ +(3P =3.6056m

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

= u"(M) = q'"_’__.
TACTAR (5.0990)(3.6056)

8=74.219°

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

rpe=5.39m Ans
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2-82. Determine the angle 0 between the y axis of the
pole and the wire AB.

3ft

th
e
SOLUTION X ZE

Position Vector:

'ac = 5—3j6ft
Fag = 512 — 02i + 12 - 32j + 1-2 — 026 ft

= 52i - 1j - 2k6 ft

The magnitudes of the position vectors are

fac = 300ft  rag = 222 + 1-1222+ 1-222 = 300 ft

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

‘ 4
Fac Tag = 1-3j2712i - 1j - 2k2

= 0122 + 1-321-12 + 01-22

=3
Then, <
a0’ rAB) B )
= B -1 = 70.5° AnNs.
u = cos FAoTAG cos 3.00 3.00 ns
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2-83. Determine the magnitudes of the components of F z
acting along and perpendicular to segment BC of the pipe

assembly.
y >\ K&

F = {30i — 45j + 50K} Ib

SOLUTI®ON Al
Unit Vecter: The unit vecter ugs g must be determined first. Frem Fig. a
fey (3-T)i+(4—0)j+[0— (—4)k 2. 1, 2
e N — > e 3 75'] * Ek
R i L) Bl L ) .

Vecter Det Preduct: The magnilude of the prejecied cempencent of F paralic] te
segment BC of the pipe assembly is

- B, i)
(FIC)pa =r'll|r'= [.-'tll—4."u _Slkj‘(_313J+3k>
2 1 2
= 21833 1s = 233 I Ans.

The magnitude of Fis /7 = V207 + (—45)7 + 507 =\/5425 Ib. Thus, the magnitude
of the compenent of F perpendicular te segment BC eof the pipe assembly can be
determined [rem

(Fpc)pr = V F'— (Far)pa = V5425 — 2833 = 63010 Ans.
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*2-84. Determine the magnitude of the projected

component of F along AC. Express this component as a
Cartesian vector.

S@OLUTI®N

Unir Vecrer: The unit vecter u . must be determined first. Frem Fig. a
(7-0)i+(6—0)j+(—4—0k - .

Uy = —F—— — = - = 0.0%5i + 85%T8j — 03%I0K
V(T -0+ (6— 0P+ (—4—0)

Vecter Per Preduci: The magnitude of the prejecicd compencnl of F uleng line AC is

Fac = Feug = (30 — 45] + 50K) - (0.6%5i + 0.5970j — 0.3980K)

= (30)(0.6%65) + (—45)(0.5979) + 50(—0.3939)

=25871b Ans.
Thus, F 4 expressed in Cartesian vecler ferm is
Fae = Facwae = —25.87(0.0% 51 + 0.5970] — 0.3930K)
= [—15.8 — 15.4] + 18.3k] I Ans.
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2-85. Determine the projection of force F = 80 N along
line BC. Express the result as a Cartesian vector.

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

(2-2)Ji+(0-2)j+(1.5-0)k _ 4j+3k

o, A D OO Ok . 0:70711-0:70713

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

Thus, the force vector F is given by

F=Fapp= 80(—%j+%k]= [-64j+48Kk IN

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

Fgc =F-upe = (-64 j+48k)-(0.7071i - 0.7071j)
= (0)(0.7071) + (-64)(—0.7071) + 480)

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

={32i-32§} N
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2-86. Determine the angles 0 and ¥ made between the z
axes OA of the flag pole and AB and AC, respectively, of
each cable.

SOLUTION
rac = {-2i - 4 + 1k} m; rac = 458m
Fag = {15| - 4] + 3k}m, 'ng = 5.22m
rao = {-4 - Sk}m; rao = 5.00
4
Mrag ' Tao = (15)(0) + (-4)(-4) + (3)(-3) = .
7
!
I'ag -Tao
u=cos ¢ <
'ag a0
— —1¢ 7 < = ° A
= 005 05 5o(5.00)= T 744 ns.

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

f
-15fAC -TAro
Factao

L

Ccos

L 13

= €052 4 58(5.00) °

= b5.4° Ans.
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2-87. Two cables exert forces on the pipe. Determine the
magnitude of the projected component of F; along the line
of action of F,.

SOLUTION

Force Vector:

up, =cos 30° sin 30°1 + cos 30° cos 30°) — sin 30°k F,=301Ib
= 0.4330i + 0.75j — 0.5k
F = Fpup, = 30(0h4330i + 075§ — 0.5k) Ib
- [12.990i + 22.5] — 15.0k] Ib
Unir Vector: One can obtain the angle « = 135° for F, using Eg. 2-8
cos’a + cos” B+ cos’y = 1, with B = 60° and ¥ = 60° The unit vector along the
line of action of F; is
up, =cos 1359 + cos 605§ + cos 60°k = —0.7071i + 0.5j + 0.5k
Projected Component of F, Along the Line of Action of Fai
(F))r, = Firup, = (12,9900 + 22.5j — 15.0k)+ (—0.7071i + 0.5j + 0.5k)
= (12.990)(— 0.7071) + (22.5X(0.5) + (—15.0)(0.5)

—5.441b

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

The magnitude is (F).. = 5.441b Ans.
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22-88. Determine the angle O between the two cables
attached to the pipe.

SOLUTION

Unit Vectors:

Ug, = cos 30°sin 30° + cos 30° cos 30°j - sin 30°k

0.4330i + 0.75) - 0.5k

Ug, = cos 135° + cos 60°j + cos 60°k

-0.7071i + 0.5j + 0.5k

The Angles Between Two Vectors u:
q :
Uf, "Ug, = (0.4330i + 0.75j - 0.5k)‘u(—0.707li + 0.5 + 0.5k)

0.4330(-0.7071) + 0.75(0.5) + (-0.5)(0.5)

-0.1812

Then,
u=cos~ hup up b = cos~1(-0.1812) = 100° Ans.

1 2
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2-89. Determine the projection of force F = 400 N acting

along line AC of the pipe assembly. Express the result as a
Cartesian vector.

me The force vector F and unit vector u 4~ must be determined first.
From Fig. (a)
F = 400(~ cos 45° sin30°i + cos 45° cos 30°§+ sin45°%k )
={-141.42i +244.95j+282.84k }

oy =M o _Q-Oi+@-04+G-Ok _4. 3,

" J0-02+@-02+3-02 > 3

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

Fye =F-uc = (-141.42i + 24495+ zswux)-(% j+%k)

=(-141.42)Y0)+ 244.9{ %)+ 28284(33)

=365.661b Ains.

Thus, F 4~ written in Cartesian vector form is

4 3
Fpe = Fpouype =365, —5'j+§k)={2%j+2l9k}|b Ans.
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2-90. Determine the magnitudes of the components z
of force F = 400 N acting parallel and perpendicular to

segment BC of the pipe assembly. F=400N

SOLUTION

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

Vector Dot Product: By inspecting Fig. (@) we notice thatu g~ = j Thus, the magnitude of the
component of F parallel to segment BC of the pipe assembly is
(Fpc Jpara) =F -j =(—-l4l.42i+244.95j+282.84k)-j
=-141.42(0) + 244.951) +282.84(0)
=244951b=245N Ans.

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

(Foc Dpex = 4 F2 ~(Fic dgart = 44007 ~ 244957 =316N  Ans.

B(G,0,3)m_
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2-91. Determine the magnitudes of the projected
components of the force F = 300 N acting along the x and
y axes.

SOLUTION

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

F

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

[-75i + 250.81j + 129.90k] N

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

F = Fli= A-75i + 250.81j + 129.90K} i
= _75(1) + 250.81(0) + 129.90(0)
= -75N

F = F'j= A-75i + 250.81j + 129.90Kb ]
= _75(0) + 250.81(1) + 129.90(0)

= 260N
The negative sign indicates that F, is directed towards the negative x axis. Thus

Fy = 75N, Fy =260 N Ans.
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22-92. Determine the magnitude of the projected compo-
nent of the force F = 300 N acting along line OA.

SOLUTION

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

F = (-300 sin 30° sin 30°i + 300 cos 30°j + 300 sin 30° cos 30°k)

= {-75i + 259.81j + 129.90k} N
oo _foa _ (=045 -0)i+ (03 - 0) + (0258 - Qk _ "
A T lon | 2(-045 - 07 ¥ (03 - 0)2  (0.2598 — 0)° ' ' '

Vector Dot Product: The magnitude of the projected component of F along line OA is
Foa = Fluoa = h=75i + 259.81j + 129.90k ' k-0.75i + 0.5j + 0.4330k3}

= (-75)(-0.75) + 259.81(0.5) + 129.90(0.4330)
= 242N Ans.

A[-(03+035in30%, 0.3, 0:3C0s30*] ™

= ("0’45, 0-5/ 033575)1"
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2-93. Determine the components of F that act along
rod AC and perpendicular to it. Point B is located at the
midpoint of the rod.

SOLUTION . ~am N,
rac = (=3i + 4 - 4K),  rac = 2(=-3)° + 4> + (-4)° = 241m

r -3i + 4] + 4k : -
rAB:“f: ) = -15i + 2j - 2k

f'ap = fag * I'ep

'sb = 'ap — TaB

(4i + 6j - 4k) - (-15i + 2j - 2k)
{BSFA=2kFm
2(5.5)% + (4)? + (-2)*> = 7.0887 m

Isp

T
F = GOOa;@b = 465.528i + 338.5659j - 169.2829k
BD

Component of F along rac is Fy

1 4
Eirac _ (465.528i + 338.5659) - 169.2829K) ' (-3i + 4j -

FI="rae ak)
241
1
F = 99.1408 = 99.1 N Ans.

1

Component of F perpendicular to rac is F
F2 + Ffj = F? = 600

F2 = 6002 - 99.1408%
F =591.75 = 592N Ans.
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2-94. Determine the components of F that act along rod
AC and perpendicular to it. Point B is located 3 m along the
rod from end C.

SOLUTION — N,
I’CA=3i—4j+4k

fca = 6.403124

—3 . .
Feg = rea) = 1.40556i — 1.874085j + 1.874085k
o8 = 6403124 (A ' J

fog = foc + I'cs
= -3i+4)j+rcp
= -1.59444i + 2.1259j + 1.874085k

fop = Yos * 'eD

rep = fop — Fog = (4i + 6)) - rog

5.5944i + 3.8741j - 1.874085k

2(5.5944)? + (3.8741)> + (-1.874085)% = 7.0582

I
= 600(;3D

BD

n
|

) = 475.568i + 329.326j - 159.311k

Fac = (—3| + 4] - 4k), fac = 241
Component of F along rac is F| |

) __ 4
Eirac (4755681 + 329.326] - 159.311k) ' (~3i + 4] -

FIL= Trae © 4kK)
241
Fj = 824351 = 82.4 N . Ans.

1
Component of F perpendicular to rpc is F
F2 + Ff = F? = 6002

FZ = 600% - 82.43512
F =594N Ans.
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2-95. Determine the magnitudes of the components z
of force F = 90Ib acting parallel and perpendicular to
diagonal AB of the crate. F=901Ib

SOLUTION

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

F = 90(—cos 607 sin 451 + ¢os 607 cos 457 + sin 607k)
= =318 + 31.52j + T79k] Ik

Fan (0—15)i+ @ —mj+ (1 -0k 3. 6. 2
Wap = = =-Zi——j+ =k
rap \,{((] o I_S)z + (3 . 0)2 1 “ . 0)2 7 7

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

3 1'6,0,0)f%
[(F)aglps = Fruap = (—31L820 + 3182 + ??}J4k]-(—7i + gj + 31{) Adi509

(—31.82)(—';) 0 _u.sz(‘;) + 77.94(?) (@ B3 )4 "}

= 63.181b = 63.21b Ans.

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

[(F)aglpr = V F'= [{Flaglp’ = V90© — 631587 = 64.11b Ans.
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*2-96. Determine the length of the connecting rod AB by y
first formulating a Cartesian position vector from A to B
and then determining its magnitude.

SOLUTION
le = [16 - (-5sin 30°)]i + (0 - 5cos 30°) j

{185i - 4.330j}in.

ﬁ
1]

s = 2(18.5)% + (4.330)% = 19.0in. Ans.
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2-97. Determine the x and y components of F; and F,. vy

> £ =200N

SOLUTION
Fi = 200sin 45° = 141 N Ans.
F1y = 200cos 45° = 141N Ans.
Fax = -150cos 30° = -130 N Ans.
Fpy = 150sin30° = 75N Ans.
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2-98. Determine the magnitude of the resultant force and y
its direction, measured counterclockwise from the positive
X axis.

® £, =200N

SOLUTION
+R Fry = OF,;  Fgy = -150cos 30° + 200 sin 45° = 11.518 N

Q+Fgy = ©OF; Fgry = 150sin 30° + 200 cos 45° = 216.421 N

Fr = 2(11.518)% + (216.421)> = 217N Ans.
=t ‘1¢216'421< = 87.0° Ans
u=tan %1518~ 70" '
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2-99. Determine the x and y components of each force
acting on the gusset plate of the bridge truss. Show that the
resultant force is zero.

SOLUTION
Fix = -2001b
Fly =0 Ans.
4
Fax = 400a b = 320Ib Ans.
3
Foy = —400a5b = -2401b Ans.
3
Fax = 300a5b =180 1b Ans,
—_— 4 —_—
Fay = 300a5b =240 1b Ans.
Fsx = -3001b Ans.
Fay =0 Ans.

I:Rx = le W FZX W F3x W l:4x
Frx = -200 + 320 + 180 - 300 = 0
Fry = Fiy + Foy + Fgy + Fyy

Fry = 0 - 240 + 240 + 0 = 0

Thus, Fr = 0
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*2-100. The cable attached to the tractor at B exerts a
force of 350 Ib on the framework. Express this force as a
Cartesian vector.

F=23501b

SOLUTION

r

50 sin 20°i + 50 cos 20°j - 35k

r = {17.10i + 46.98] - 35k} ft

2(17.10)% + (46.98)> + (-35)? = 61.03 ft

q
1]

u= ‘r‘ = (0.280i + 0.770j - 0.573K)
F = Fu = {98.1i + 269] - 201k} Ans.
Ib
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2-101. Determine the magnitude and direction of the
resultant Fp = F; + F, + F; of the three forces by first
finding the resultant F = F; + F; and then forming Fg =
F + F,. Specify its direction measured counterclockwise
from the positive x axis.

X
S@OLUTI®N
F' = \(38)" + (50)7 -~ 2(30)(50) ces 105° = 1047 N
sing  sin 105° .
s - leay > BT = —_——
Fr= \/(104.7)2 + (75)2 2104 THTE) cos Ta2 40
Fp=1777=178N Ans.
sin 8 sin 162.46° £ = 1023
104.7 1777 e
# = T5% + 183" — B52° Ans.
75N 8,8
S0N 4
1 [~ 162-46
/ /
F 104N
o 8-75°p
X
(b) ©) onisise® (&)
=254
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\
2-102. Resolve the 250-N force into components acting
along the u and axes and determine the magnitudes of

these components.

40°

250 = g
sin 120°  sind0°

SQJ-UTION

w1200 sm20e

F, = 186N Ans

F, = 987N Ans
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2-103. If0 = 60°and F =20 kN, determine the magnitude y
of the resultant force and its direction measured clockwise 50 kN
from the positive x axis.

40 kN
Y Fre = OFy; Fry = 50a§b +ZZ_(40) - 20 cos 60° = 58.28 kN
1= .
+CFry = OF,;  Fry = 50a35b -, (40) - 205in60° = ~1560 kN
Fr = 2(58.28)% + (-15.60)2 = 60.3 kN Ans.

15.60
f=tan 1B R = 15.0° Ans.

58.28
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*2-104. The hinged plate is supported by the cord AB.
If the force in the cord is F = 340 Ib, express this force,
directed from A toward B, as a Cartesian vector. What is
the length of the cord?

SOLUTION

Unit Vector:

rag = 510 - 82i + 10 - 92j + 112 - 02k6 ft

= 5-8i - 9j + 12K6 ft

rag = 21-822+ 1-92% + 122 = 17.0ft Ans.

rAB -8i - 9j + 12k 8 9 12

=D S BEETARETI T
Force Vector:
{ 8. 9. 12}
F = Fuag = 340e—17| - 17] + 17kf Ib
= -160i - 180j + 240k Ib Ans.
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