2-1. Determine :the magnitude of the resultant force
Fg = Fy + F;andits direction, measured counterclockwise

i .. 2 *
from the paositive ix axis. B = /(600) + (800)2 ~ 2(600)(800)c0s75° = 86691 = 867 N Ans.
" 86691 _ 800
sin75°  sin@
F,=800N F, =600N
6 = 63.05°

¢ = 63.05° + 45° = 108° Ans,

F; =450N




2-2.

If 6 = 60° and F = 450 N, determine the magnitude of the
resultant force and its direction, measured counterclockwise
from the positive x axis.

SOLUTION

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

Applying the law of consines to Fig. b,

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

sin « __sin 45°
700 497.01

a = 9519°

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

¢ = a + 60° = 95.19° + 60° = 155° Ans.

700 N




2-3.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

F = V/500% + 700% — 2(500)(700) cos 105°
= 959.78 N = 960 N Ans.
Applying the law of sines to Fig. b, and using this result, yields

sin (90° + 0)  sin 105°

700 959.78

0 = 45.2° Ans.

y
F
0
5 *
700 N
[
7015105 °
5:500/;/, >
//
|9,
7/ / &
7/ // &
/15°
700N




2-4.

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

SOLUTION

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

605.1 500
sin 95°  sin 6

0 = 55.40°

¢ = 55.40° + 30° = 85.4°

Ans.

Ans.




2-5.

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

SOLUTION
F, _ 300
sin 40°  sin 110°
F, = 205N Ans.
Fy, 300

sin 30°  sin 110°

Fi, = 160N Ans.




2-6.

Resolve the force F, into components acting along the 1 and
v axes and determine the magnitudes of the components.

SOLUTION
Fy, 500
sin 45°  sin 70°
F,, = 376 N Ans.
F, 500

sin 65°  sin 70°

F,, = 482N Ans.

F,=500N v




2-7. If Fg = 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°

= — = 48.59°
3 2 ¢
Thus,
0 =30°+¢ = 30° +48.59° = 78.59° = 78.6° Ans.

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

R _ 2
sin(180° - 78.59°)  sin30°

Fg = 3.92kN Ans,




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 Fp and its direction 6.

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

Applying the law of cosines to Fig. b,

Fg = 3% +5% - 2(3)(5)c0s 30°
=2.832KN = 2.83 kN . Ams,

Using this result and realizing that sin(180° — @) = sin6, the application of
the sine law to Fig. b, yields

sing _ sin30° 6 = 62.0° Ans.




2-9.

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

SOLUTION
Sine law:
F, 250
—_— = F, = 129N Ans.
sin 30°  sin 105° to ? ns
F
w__ 250 F, = 183N Ans.

sin 45°  sin 105°

Loy

L.



2-10.

Resolve F, into components along the u and v axes and v
determine the magnitudes of these components.
F, = 250N
F,=150N 30°
SOLUTION S
Sine law: 100/ +
105°
F, 150
- = E, =776 N Ans.
sin30°  sin 75° 2 e IR 1= 1
FZH 150
= E,=150N Ans.
sin75°  sin 75° u s
v
Fe
RN -]
1 u
LS
1
A 75°
S~




2-11, The truck ‘is to be towed using two ropes.
Determine the magnitude of forces F, and Fp acting on
each rope in order to develop a resuitant force of 950 N
directed along the positive x axis. Set 6 = 50°.

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

Trigo;nomctry :'Using law of sines [Fig. (b)], we have

E 950
sin 50°  sin 110°

F =774N Ans,

950
sin20°  sin 110°

R =346N Ans,




i

2-12.  The truck is to be towed using two ropes. If the
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 of 6 of Fy so that the
magnitude of F is a minimum. F 4 acts at 20° from the x
axis as shown.

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

Trigonometry : Fig.(b).

Fy =950sin 20° =325 N Ans,

F, =950c0s 20° =893 N Ans,
The anglc 8 is

€ = 90° - 20° = 70.0° Ans,

T2

gson
cb)



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.

-F, 360

— i F - :
sin20°  sin 100° | A
T . I e Ans.

6  sm100°




2-14. '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. /\K 10°

360 N

oF 30 . oo 18N Ams.
sin 30°  sin 80°
, 360

= ——; F, =34N Ans.
sin70°  sin80°




2-15.
The plate is subjected to the two forces at A and B as
shown. If § = 60°, determine the magnitude of the resultant

of these two forces and its direction measured clockwise
from the horizontal.

SOLUTION

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

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

Fr = V8 + 6 — 2(8)(6) cos 100°
— 10.80 kN = 10.8 kN

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

sinf _ sin 100°

6 10.80
sin 6§ = 0.5470
0 = 33.16°

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

¢ = 33.16° — 30° = 3.16°

Ans.

Ans.

0 N N e Y e o 1 N 1 1|

F,=8kN




2-16.

Determine the angle of 6 for connecting member A to the
plate so that the resultant force of F, and Fp is directed
horizontally to the right. Also, what is the magnitude of the
resultant force?

SOLUTION

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

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

sin (90° — 6)  sin 50°
6 8

sin (90° — ) = 0.5745

0 = 54.93° = 54.9° Ans.

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

Fr = V& + 62 — 2(8)(6) cos 94.93°

= 104 kN Ans.

MM @M @0 @0 0N @M

FAZSkN




2-17. The log is being towed by two tractors A and B.
Determine the magnitude of the two towing forces Fy
and Fp if it is required that the resultant force bave a
magnitude Fgz == 10 kN and be directed along the x axis.
Set 8 = 15°.

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

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

Fa 10
sin 15°  sin 135°

Fa =366 kN Ans,

Fa__ 10
sin30°. " sin 135°

Fp =707 kN = Ans,




2-18. If the resultant Fp of the two forces acting on
thie log is to be directed along the positive x. axis and
have a magnitude of 10 kN, determine the angle 8 of the
cable, attached to B such that the force Fy in this cable
is minimum. What is the magnitude of the force in each
cable for this situation?

Pc}rallelngmn Law: In order to produce a minimum force Fy. Fy has
to act perpendicular to F 4. The paratlelogran: law of addition is shown
in Fig. (a).

Trigonometry: Fig. (b).

Fg = 10sin30° = 5.00 kN Ans.

Fy = 10¢0s30° = 8.:66 kN Ans.

The angle 9 is

§ =90° - 30° = 60.0°  Ans.




2-19.

Determine the magnitude and direction of the resultant y
Fr = F; + F, + F; of the three forces by first finding the
resultant F* = F; + F, and then forming Fz = F' + F;.

SOLUTION

F = V(20)2 + (30)2 — 2(20)(30) cos 73.13° = 30.85 N

30.85 30 :
. P ) 6 = 147° F1= 30N J
sin 73.13 sin (70° — 0) 73.13°
/¢ 3y
Fr = V(30.85)% + (50)> — 2(30.85)(50) cos 1.47° = 19.18 = 192N Ans. PR wY]
N fFa=20N
1918 3085
A8 08, 0 =237 Ans.
sin 1.47°  sin 6
‘? Ans
147° ’ il

30.85N= — -



2-20.
Determine the magnitude and direction of the resultant

Fr = F; + F, + F; of the three forces by first finding the
resultant ' = F, + F; and then forming F = F' + F;.

SOLUTION

F' = V(20)? + (50)% — 2(20)(50) cos 70° = 47.07 N

20 47.07

= 6 = 23.53°
sin §' sin 70°’

Fr = V(47.07 + (30)? — 2(47.07)(30) cos 13.34° = 19.18 = 192N

1918 30
sin 13.34°  sin¢’

é = 21.15°

0 = 23.53° — 21.15° = 2.37° X%

Ans.

Ans.

F,=20N




2-21.

Two forces act on the screw eye. If F; = 400N and F,
F, = 600N, determine the angle 6(0° =6 = 180°)
between them, so that the resultant force has a magnitude
of Fr = 800 N.

SOLUTION

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

F,
800 = \V/400% + 600% — 2(400)(600) cos (180° — 6°)
2 2 2 3 F=400N
8007 = 400% + 600> — 480000 cos (180° — 6) 1808
cos (180° — 0) = — 0.25
o __ — \\
180° — 6 = 104.48 L2 F=800N
6 = 75.52° =755 Ans. f=600N
()
400N 180%6
6ooN
800N

(b)



2-22.

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 F and the angle between Fy and F,.

F,

SOLUTION < i

F _F
sing  sin (6 — ¢)

sin (0 — ¢) = sin ¢
0—-—¢d=4¢

¢ = g Ans.

Fr = V(F)* + (F)2 — 2(F)(F) cos (180° — 6)

Since cos (180° — ) = —cos 6

Fp = F(V2)V1 + cos 6

Since cos (0) 1+ cos6
i vy 20U
2 2

Then

0
Fr = 2F COS(E) Ans.




2-23.
Two forces act on the screw eye. If F = 600 N, determine

the magnitude of the resultant force and the angle 6 if the
resultant force is directed vertically upward.

SOLUTION

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

respectively. Applying law of sines to Fig. b,

sinf _sin30° . _ o o
600 _ 500 ° sinf = 0.6 0= 36.87° =369

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

Fr 500

sin 113.13° _ sin 30°°

Fr=919.61N = 920N

Ans.

Ans.




2-24.

Two forces are applied at the end of a screw eye in order to y

remove the post. Determine the angle 6 (0° = 6 = 90°) F
and the magnitude of force F so that the resultant force
acting on the post is directed vertically upward and has a
magnitude of 750 N.

SOLUTION

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

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

sing  sin 30°
750 500

sin ¢ = 0.750

¢ = 131.41° (By observation, ¢ > 90°)

Thus,
0 = 180° — 30° — 131.41° = 18.59° = 18.6° Ans. \ S0ON
F 500 750N
sin 18.59°  sin 30° A

F

319N Ans. ®



2-25.

Determine the magnitude and direction of the resultant force Fy. Express the result in terms of

the magnitudes of the component F, and resultant Fy, and the angle 6.

Solution:

F1? = Fl + Fy> = 2Fp F 5 cos(6)

Since cos(lSOdeg — ¢) = —cos(¢),

3 3 F | sin g
Fj =\/FR +Fy ~2 FpFycos(0)  Ap




2-26.

The beam is to be hoisted using two chains. Determine the
magnitudes of forces F, and F acting on each chain in order

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

SOLUTION
Fyu 600
sn45  smi0se; TaT 49N
Fy 600
sin30°  sin 105°° lily = S

Ans.

Ans.

Fp

F,




2-27.

The beam is to be hoisted using two chains. If the resultant
force is to be 600 N directed along the positive y axis,
determine the magnitudes of forces F, and Fj acting on
each chain and the angle 6 of F; so that the magnitude of Fj
is a minimum. F 4 acts at 30° from the y axis, as shown.

SOLUTION

For minimum Fj, require

0 = 60° Ans.
F, = 600 cos 30° = 520 N Ans.
Fp = 600 sin 30° = 300 N Ans.

F=600M

Fp

30°

F,




2-28.

If the resultant force of the two tugboats is 3 kN, directed
along the positive x axis, determine the required magnitude
of force Fp and its direction 6.

SOLUTION

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

Applying the law of cosines to Fig. b,

Fp= V22 + 32 — 2(2)(3)cos 30°
= 1.615kN = 1.61 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sin® _ sin 30°

> 1615 0 =383 Ans.




2-29.

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

SOLUTION

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

Applying the law of cosines to Fig. b,

Fr= V22 + 32 — 2(2)(3) cos 105°
= 4.013 kN = 4.01 kN Ans.
Using this result and applying the law of sines to Fig. b, yields

sina  sin 105° m
3 T 4013 a = 4622

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

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




2-30.

If the resultant force of the two tugboats is required to be
directed towards the positive x axis, and Fp is to be a
minimum, determine the magnitude of Fp and Fyz and the
angle 6.

SOLUTION

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

6 = 90° Ans.

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

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

Fg = 2cos30° = 1.73kN Ans. R=2 kN




2-31.

If the tension in the cable is F,, determine the magnitude and direction of the resultant force acting

on the pulley. This angle defines the same angle 6 of line 4B on the tailboard block.
Given:

Fj =400 N

67 = 30 deg

Solution:

Fp = \/F12 +F12 —2F1F]cos(90 deg - 6’])
Fr =400 N Ans.

sin(90 deg — ) sin(ﬁj)

Fp Fi

Fr ( )
6 = 90 deg — asin| — sin( ¢
g 7 1

6 = 60deg Ans. Fy



2-32.

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

Given: ¥

F; =70N

Fy =50N

F3 =65N

6 = 30 deg
¢ = 45 deg

Solution:

N Fp=%F; Fpx = Fj+ Fjcos(6) - F3cos(¢)

N Fp=IF;  Fry = —F3sin(6) - Fjsin(g)

Fr =4 FRX2 + FRY2

(|FRY|j
0 = atan| —
| Frx|

Frp=978N Ans.

0 = 46.5deg Ans.



2-33.

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

F;=750N

SOLUTION

4
5 Fp = 3F,; Fg, = 5 (850) — 6255in30° = 7505in 45" = —162.8N

F,=625N F,=850N

3
+ TFRy =2r,; Fgy = 5 (850) — 625 cos 30° + 750 cos 45° = —5209 N

Fr=\ (~162.8)2 + (=520.9)* = 546 N Ans.
—520.9
= _1 = o
¢ = tan [—162.8} 72.64

0 = 180° + 72.64° = 253° Ans.



2-34.

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

SOLUTION

F, = {400 sin 30°(+i)+400 cos 30°(+j)} N
= {200i+346j} N Ans.
F, = {250 cos 45°(+i)+250 sin 45°(—j)} N

= (177i-177j} N Ans.

4

/
F=dooN - g—(ﬁkzs‘o@.r&fw
/ / N // \.X-
\,:;‘. 47‘*(,"7- ,&:{oﬁ&?x;’aw F; 250N

- CEJJ 2250 Sings' N



2-35.

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

SOLUTION

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

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

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

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

B S(FR)y = SFy;  (Fg)e = 200 + 176.78 = 376.78 N

+1S(Fp), = SF;  (Fg), = 34641 — 17678 = 169.63N | +
The magnitude of the resultant force Fg is ’//[ (= 1695 N
sy
g ~,
Fr=\V(Fp)? + (Fg),) = V37678 + 169.63’ = 413N Ans. Sy
o
The direction angle 0 of Fg, Fig. b, measured counterclockwise from the positive (&), =3;;‘;;‘1’/
axis, is
By Fmz500 (b) =

F
o= tan_l{( R)y:| _ tan_1(169.63> _pE Ans.

(FR)» 376.78 &)



2-36.

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

F, = {900(+i)} = {900i} N

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

— (530i + 530§} N

F3

= {520 — 390j)} N

Fy=650N

w

650( % )(+i) + 650 (2)(—j)} N

—pte

7 F=7500
I

& = Tovsings ‘N

.
i

(R).= 750 cosas'n

(E)J =éso(3IN



2-37.

Determine the magnitude of the resultant force acting on

the plate and its direction, measured counterclockwise from F3=650N

the positive x axis.

SOLUTION

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

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

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

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

X S(Fp), = SF,; (Fg), = 900 + 530.33 + 520 = 1950.33 N —
+13(Fg), = 3F; (Fg), = 53033 — 390 = 14033 N 1

The magnitude of the resultant force Fy is

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

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

F
6 = tanfl[g FR;Y } = tan*1(11;5063333) = 4.12° Ans.
R)x .
(E)‘}

— §=7sanl

|
] 1
1

e

Fal
Lol X
‘;%Eﬁaoﬂ
NG B

3 f=650N
t

()

~

a

(Gly=/40-330

()= 1950:33n

—_—X




2.38. Deteﬁmine the magnitude of force F so that the
resultant ‘Fg of the three forces is as small as possible.

20kN

Scalar Notation : Suming the force Igebraically, we have

" s

=16.0-0.7071F —»

SR =IF g =20G)-"ocs45°

+1 R, =xE;

3 .
AR 20(3)- 12+ Fsin 45°

=0.7071F T
]

The magnitude of the resultant force Fy is |

=R+ R | %

- 7 7 Eerz i} '
=y(16.0-0.7071H"+(0.70715)

= /Fi-23.63F+25 5

R= F? -22.63F+256 e F
] 4 F; R.
2 _d‘ =2F-22 2]

P F- 63 [2} [

£F, dF, dF
f P, S R AV
(“d +dedF) ! 3.

: B
In order to obitain the minimum resultant force Fy, ‘-:F' =0, From Eq.{2]

25=R 2 2pr-2263=0

815

F=1131kN =113kN Ans,

Substitute £ = 11.31 kN into Eq.[1], we have

K = /TI3E-3263(1130) 3 2356 = Y T3 kN
o L dR
Substitute F; = ¥ 128 kN with F =0 into Eq.[3], we have

AR
: (/128—‘”—“—4-0)-1

LE
dF?

=0.0884>0

Hence, F=11.3 kN is indeed producing a minimum resultant force,



2-39.

Resolve each force acting on the support into its x and
y components, and express each force as a Cartesian vector. F,= 600N F, = 800N

45°

SOLUTION

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

Ans.
F, = {600 sin 45°(—i) + 600 cos 45°(+j)} N Ans.
= {—424i + 4245} N
12 5
o fon(@)on (Sl an
= {600i — 2505} N
[/ Q;)Jzaoo Sinéo’ N o
| . F:BOON ‘
j ! (E );7 = pOOLLs4EN ‘E

—_>_+.‘:_S.-_1._— ~

—

ﬁ‘ F=650N
(B )= 600 3imds N (E)_r 650( )N

‘ -';-I-I-f‘
(F)-Boowseo



2-40.

Determine the magnitude of the resultant force and its y
dlre(.:uon 0, measured counterclockwise from the positive F, =600 N F,=800N
X axis.

45°

SOLUTION

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

(F1), = 800 cos 60° = 400 N (Fy), = 800 sin 60° = 692.82 N

(Fy), = 600sin45° = 42426 N (F,), = 600 cos 45° = 424.26 N

12 5
(F3)x = 650(5) = 600N (F3), = 650 (E) = 250N

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

X S(FR), = SFy; (Fp), = 400 — 42426 + 600 = 575.74N —

+1S(Fp), = 3F,; (Fp), = — 692.82 + 424.26 — 250 = 867.08N

The magnitude of the resultant force Fy is

Fr=V(Fp)2 + (Fp),2 = V/575.74” + 867.08% = 1041 N = 1.04kN Ans.

The direction angle 0 of Fp, Fig. b, measured counterclockwise from the positive
X axis, is

[ (Fr) } (867.08)
0 = tan™' Y| = tan™! = 56.4° Ans.
an |i(FR)X tan 57574 56.4 ns.




2-41.

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

Units Used:
3
kKN = 10" N
Given:

F; =30 kN

26 kN

J
Il

oY
I
=

Solution:

N Fry=2F);

~
&
|
|
ey
~
o
o
w2
—_
Ny
+
7\
Q.
N—
N

P = 180 deg + ¢

FRry =-25kN

FRy = -2kN

Fr=251kN Ans.
¢ =45deg

= 184.5deg Ans.



2-42.

Determine the magnitude and orientation 6 of Fp so that y
the resultant force is directed along the positive y axis and
has a magnitude of 1500 N.

SOLUTION
Scalar Notation: Summing the force components algebraically, we have
B Fp = SF; 0 = 700 sin 30° — Fy cos 6

Fpgcosf = 350 @
+1Fg = 2F; 1500 = 700 cos 30° + Fgsin @

Fpgsinf = 893.8 2) .‘f-"z' .
Solving Eq. (1) and (2) yields Fa‘,:,fﬂ-“ ;go/ﬂ;

6 = 686° Fp=960N Ans. PN AR

Fp=1500N




2-43.

y

Determine the magnitude and orientation, measured
counterclockwise from the positive y axis, of the resultant
force acting on the bracket, if Fz = 600 N and 6 = 20°.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have

5 Fp = SF,; Fg = 700sin30° — 600 cos 20°

—213.8N = 213.8 N«

-i-TFRV =2F,; FRy = 700 cos 30° + 600 sin 20°
= 8114N 1 s E=Tcon
Wi
The magnitude of the resultant force Fy is 0/ !
heboon _ Fy I/ |
Frp=\Fy + Fy = \V213.8 + 8114 = 839N Ans. = r y !
) L 2T~ . “J(
The direction angle § measured counterclockwise from the positive y axis is Fac
Fr 213.8
= tan~'— = tan~ Y =22 | = 14.8° Ans.
0 an FR}. an <811.4 ns .
q
- ]
i\o
: B4 N
|
1
238N x




2-44.

The magnitude of the resultant force acting on the bracket
is to be 400 N. Determine the magnitude of Fy if ¢ = 30°.

SOLUTION

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

(Fy), = Fy cos 30° = 0.8660F (Fy), = Fysin30° = 0.5F,
3 4
(F2)y =650\ 7 ) = 390N (F2)y = 650( ) = 520N

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

Resultant Force: Summing the force components algebraically along the x and g
y axes, we have 52

1
)
I
|
_QL,
T
"

BN 2(Fr)y = ZF,. (Fr), = 0.8660F; — 390 + 353.55 ; |
— 0.8660F, — 36.45 [\ ; ---- 7 R
I <\ |
+13(Fg), = SF, (Fp)y = 0.5F; + 520 — 353.55 | — ~ gg:_/)r(ﬁ k
= 0.5F, + 166.45 Vi o= 'Q_ %
. . . . Gy ' NF TG
Since the magnitude of the resultant force is Fzr = 400 N, we can write w | l| X
I
Fr = V(Fp)i + (Fp), ?———
R ( R)x ( R)y 5',500/\/
400 = \/(0.866OF1 — 36.45)% + (0.5F, + 166.45)? CE)}
(2
Fi2 + 103.32F; — 130967.17 = 0. Ans.
Solving,
F, = 314N or F, = —417N Ans.

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



2-45.

If the resultant force acting on the bracket is to be directed
along the positive u axis, and the magnitude of F; is
required to be minimum, determine the magnitudes of the
resultant force and F;.

SOLUTION

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

(F1)x = Fycos ¢ (Fy), = Fysin¢
3 4
(F2)y =650\ ) = 390N (Fy), = 650( < ) = 520N
(F3), = 500 cos 45° = 353.55N  (F3), = 500sin 45° = 353.55N
(Fr)x = Fgcos45° = 0.7071F (Fr), = Fgsin45° = 0.7071F

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

X S(Fp), = SFy; 0.7071Fg = F; cos ¢ — 390 + 353.55 a)
+13(Fp), = 3F; 0.7071Fg = Fysin ¢ + 520 — 353.55 %))

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

202.89
= 3
' cos ¢ — sin ¢ ®
The first derivative of Eq. (3) is
dF, sin ¢ + cos ¢
e @
dp  (cos ¢ — sin )
The second derivative of Eq. (3) is
d’Fy _ 2(sin ¢ + cos $) N 1 )
d¢®  (cosd — sing)®  cos¢ — sin¢
. dF; _
For F; to be minimum, % = 0. Thus, from Eq. (4) (z)}
=450N
sin¢ + cos¢p =0 Eél-——Jq
I 1
- _ |
tan ¢ 1 A =
¢ = —45° I *\
I
Substituting ¢ = —45° into Eq. (5), yields 4
ik
d*F,
5 = 0.7071 >0
dé
This shows that ¢ = —45° indeed produces minimum F;. Thus, from Eq. (3)
202.8
Fi= o = 14347N = 143N Ans.

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

Fr=919N Ans.




2-46.

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

SOLUTION

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

(F1)y = Ficos ¢ (F1)y = Fisin¢
(F2)x = 650(%) =390 N (F,), = 650 <%) = 520N

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

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

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

X S(Fp), = SFy 42426 = F, cos ¢ — 390 + 353.55 )
F{cos ¢ = 460.71

+13(Fp), = =F,; 42426 = F,sin ¢ + 520 — 353.55 @)
Fsin ¢ = 257.82

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

¢ = 29.2° F, = 528N Ans.




2-47.
Determine the magnitude and direction 6 of the resultant

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

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

Since cos (180° — ¢) = —cos ¢,

Fr = VF? + F3 + 2F,F,cos ¢ Ans.
From the figure,
Fisin ¢

tan = ————

an Fy, + Fcos ¢

Fysin ¢
f=tan'| ———— .
an <F2 + F;cos d)) Ans

FSM#J



2-48.

If F; = 600 N 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

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

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

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

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

The magnitude of the resultant force Fp is

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

The direction angle 6 of F, Fig. b, measured clockwise from the x axis, is

(Fr) .
6 = tan! [(F )y = tan ! 493.01 = 44.6° Ans.
R)x

499.62

| (G 2497620

m_,l__ %

/ *_.._..... 3
},Z%,]=493-0/N
(b)



2-49.

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 § = 30°, determine the magnitude of

F, and the angle ¢.

SOLUTION

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

F,,F,, F;,and Fy can be written as
(F1)x = Ficos ¢

(F,), = 500 cos 60° = 250 N

(F), = 450(%) = 270N

(Fg), = 600 cos 30° = 519.62 N

(Fl)y = Fl sin ¢
(F,), = 500 sin 60° = 433.01 N

4

5) = 360N

(Fy), = 450(

(Fg), = 600 sin 30° = 300 N

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

B 3(FR), = SF,;  519.62 = F cos ¢ + 250 — 270

F, cos ¢ = 539.62 @

+12(Fg), = SF,

v; —300 = Fjsin¢ — 433.01 — 360

F, sin ¢ = 493.01 2)

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

b= 02.4°

F,=731N Ans.




2-50.

Determine the magnitude of F; and its direction 6 so that
the resultant force is directed vertically upward and has a
magnitude of 800 N.

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
. 4

—tFRX = 2F,; Fg, = 0 = Fsin 6 + 400 cos 30° — 600 5

F;sin6 = 133.6 (6))

. 3

+1 Fg = 2F; Fg, = 800 = Fj cos 6 + 400 sin 30° + 600(§>

F, cos 6 = 240 ?2)
Solving Egs. (1) and (2) yields

0 =29.1° F, =275N Ans.




2-51.

Determine the magnitude and direction measured
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°.

SOLUTION
Scalar Notation: Summing the force components algebraically, we have
. 4
—'t>FRX = 23F,; Fg, = 500 sin 20° + 400 cos 30° — 600 5
=3742N —
. 3
+TFR<V = 3F,; Fg, = 500 cos 20° + 400 sin 30° + 600(§)

=1029.8N 1

The magnitude of the resultant force Fy is

Fp = VFy + F} = \/37.42% + 1029.8* = 1030.5 N = 1.03 kN

The direction angle # measured counterclockwise from positive x axis is

Fr 1029.8
f=tan ' — =t *1(—') = 87.9°
MR 3142

y

4
Fry_T=s50cd
froooN __ 7y “,07?
N Wi A F; =400
ioNS ! o L
Ans RN | T s
5 9 \\‘ L300 | <
e 1—‘/ ;
fin
Ans. 1
3
|
i
1029 6K Il

i~3742N



2-52.

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

SOLUTION

Scalar Notation: Summing the force components algebraically, we have
5 Fr =3F;;  Fg =5— Fsin30°
=5—-050F —

+TFva SF,;

FR,V = Fcos30° — 4
= 0.8660F — 4 1
The magnitude of the resultant force Fy is
Fr=VE + Fg,
= V(5 - 0.50F)> + (0.8660F — 4)?

= VF2 - 11.93F + 41

F} = F? — 11.93F + 41

or 2R _op 1103
Rar — :

d°F dF dF
< R RX R>:1

7_1'_
Rar? " dF ~ dF

dF
In order to obtain the minimum resultant force Fpg, =R~ 0.From Eq. (2)

dF

or AR o 11.93 =0
Rar — S

F = 5964 kN = 5.96 kN

Substituting F = 5.964 kN into Eq. (1), we have

Fr = V5964 — 11.93(5.964) + 41

= 2330 kN = 233 kN

dF
Substituting F = 2.330 kN with TFR = 0 into Eq. (3), we have

d*Fg
S +0|=1
dF

|:(2.330)

d°F»
= =0429 > 0
dF

Hence, F = 5.96 kN is indeed producing a minimum resultant force.

@

2

3

Ans.

Ans.

: SKN

30°

4 kN




2-53.

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?

8 kN

SOLUTION
& Fro= SFy Fr. = 8 — Fcos 45° — 14 cos 30°
= —4.1244 — F cos 45°
+1Fg, = 3F,; Fg, = —F sin45° + 14 sin 30°
=7 — F sin 45°
F} = (—4.1244 — Fcos45°)* + (7 — Fsin45°)> (1)
2FRTFR = 2(—4.1244 — F cos 45°)(—cos 45°) + 2(7 — F sin 45°)(—sin45°) = 0 !
o 1
F = 2.03kN Ans. ik N3 .
h. ‘5
From Eq. (1); Fr=787kN Ans. TN

Also, from the figure require

»
(Fr)y = 0= 3F F + 14sin 15° — 8cos 45° = 0

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

Fr = 7.87TkN Ans.



2-54.
Three forces act on the bracket. Determine the magnitude and

direction 60 of F so that the resultant force is directed along the
positive x” axis and has a magnitude of 1 kN.

SOLUTION

B Fp. = SF,; 1000 cos 30° = 200 + 450 cos 45° + F; cos(f + 30°)

+ TFRy = 2F,; —1000sin 30° = 450 sin 45° — Fysin(6 + 30°)

F,sin(9 + 30°) = 818.198
F cos(6 + 30°) = 347.827
9 + 30° = 66.97°, 0 = 37.0° Ans.

F, = 889N Ans.



2-55.
If /; =300N and 6 = 20°, determine the magnitude and

direction, measured counterclockwise from the x' axis, of
the resultant force of the three forces acting on the bracket.

SOLUTION
B Fp, = SF,; Fr, = 300 cos 50° + 200 + 450 cos 45° = 711.03 N

+ TFRy = 2F,; Fgy = =300 sin 50° + 450 sin 45° = 88.38 N

Fr =V (711.03)* + (88.38)> = 717N Ans.

88.38
¢’ (angle from x axis) = tan][711.03}

¢ = 7.10°
¢ (angle from x’ axis) = 30° + 7.10°

¢ = 37.1° Ans.




2-56. Deterrﬁine the magnitude and direction 8 of F,4 so
that the resultant force is directed along the positive x

axis and has a magnitude of 1250 N.

S, = 2F,;

+TFky = ZE;

=F, sinf + 800-cos30°=1250

Fos
By =h cos® - 800 sin30°= 0
6 = 543° Ans.

Ans.

686 N

)
I




2-57, Determine the magnitude 'and direction,
measured counterclockwise from the positive x axis, of
the resultant force acting on the ring at O, if F, =750 N
and 0 = 45°,

Scalar Notation : Suming the force comp algebraically, we have 7

EJ—~ Rst50 ¥
— R =%F; Fl. = 750sin 45° + 800cos 30° -
: =1223.15K >

+T B =ZE; B, =750c0s 45°~800sin 30°
=13033N 1

The m’agpimdg of the resultant force Fy is

K=y +F}

R, R, 1;
=y1223.152+130.332 = 1230 N = 1.23 kN Ans,
24
Thcdireqtional angle 6 d counterclockwise from p X axis is I50'3.2/_j S 4
- X
K 130.33 1223-15N
=tan' R =t ————)=. 9 Ans,
6= tan B tan (l223.15 6.08 ns




2-58.

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

SOLUTION

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

(F)y = Fysin¢ (Fl)y = Fycos ¢

(F), =200 N (F)y =0

F —260i = 100N F. —2602 =240 N
( 3)x - 13 - ( 3)y - 13 -

(Fg), = 450 cos 30° = 389.71 N (Fg), = 450sin30° = 225N

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

B 3 (Fp), = SF; 389.71 = Fsin ¢ + 200 + 100

Fsin ¢ = 89.71 )

+ T Z(FR)_V

ZF,; 225 = Fycos ¢ — 240
F, cos¢ = 465 2)

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

é = 10.9° F, = 474 N Ans.




2-59.

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°.

SOLUTION

Rectangular Components: By referring to Fig. a, the x and y components of F;, F,,
and F; can be written as
(Fl)x = Fl sin 30° = OSFl (Fl)y = Fl cos 30° = 0866OF1

(F2)x = 200N (Fz)y =0

13

Resultant Force: Summing the force components algebraically along the x and y axes,
B 3 (Fp), = 3F; (Fr), = 0.5F, + 200 + 100 = 0.5F, + 300
+12(Fg)y = SF; (Fg), = 0.8660F, — 240

The magnitude of the resultant force F is
Fr = V(Fp)i + (Fr);
= V/(0.5F, + 300)* + (0.8660F, — 240)?

= V/F? = 115.69F, + 147 600 )

Thus,

Fj = F? — 115.69F, + 147 600 )

The first derivative of Eq. (2) is

2F, ﬂ—2F — 115.69 A3
Rap ~*h . )
. dFg
For F, to be minimum, IF 0. Thus, from Eq. (3)
1
2F, @—ZF — 11569 =0
Rar, — 71 o
F; = 57846 N =578 N Ans.

from Eq. (1),

Fr = V/(57.8467 — 115.69(57.846) + 147 600 = 380 N Ans.

30
Filk
» R=200n
! E*r(f-;)x




2-60.

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

SOLUTION
1= Vecos?a + cos? B + cos’y
1 = cos?60° + cos’ B + cos?45°
cosB= +0.5
B = 60°,120°
Use
B = 120°

F = 60 N(cos 60°i + cos 120°% + cos 45°k)

= {30i — 30j + 424k} N

Ans.

Ans.



2-61. Determine the coordinate angle y for F, and then
express each force acting on the bracket as a Cartesian
vector.

F,= 600N

Rectangular Components: Since cos? ¢ty + cos2 §3 + cos2y3 = L, then cosyp, = i-Jl— cas245° - cos260° =20.5.

However, it is required that ¥ >90°, thus, 5 = cos ~'(~0.5) =120°. By resolving Fy and F into their x, y, and £
components, as shown in Figs. @ and b, respectively F and Fy can be expressed in Cartesian vector form as

Fj = 450005 45°5in30°C- ) + 450¢0845° 08 30° (+ ) + 4505in45°(+k)

={-159i+ 276j+ 318k}N Ans.
Fy = 600cos45°i+600c0s 60°j+600c0s 120°k
={424i+300j - 300K} N Ans.




2-62. Determine the magnitude and coordinate direction
angles of the resultant force acting on the bracket.

F,= 600N

Rectangular Components: Since cos2 o)+ coszﬁz+cos272 =1, then cosy s, =:L-Jl— c05245° — c0s260° = 0.5,

However, it is required that o5 > 90°, thus, 7, = cos”! (-0.5)= 120°.By resolving F; and F into theirx, y, and z
components, as shown in Figs. a and b, respectively, F) and F5, can be expressed in Cartesian vector form, as

Fj = 450c0s 45°5in30°C i)+ 450008 45° c0s30° (+) + 450sin45°(+k)
={-159.10i + 275.57j+ 318.20k}N

Fy = 600c0s45°i +600 cos 60°§+600cos 120°k
={424i +300j - 300k} N

Resultant Force: By adding Fj and F; vectorally, we obtain Fp.
Fp =F+F;
= (~159.10i + 275.57 j+318.20k) + (424.26i + 300 — 300k)
={265.16i + 575.57j + 18.20k} N

The magnitude of Fp, is
Fr = (FR)> +(FR)y +(FR);

=1265.16 + 575.57% + 18202 = 633.97N = 634N

The coordinate direction angles of Fg are

o =cos™ [S-R-LF ) = ws_l(———%s'm J =653°

Fg 633.97
_ | Ry | i 57557)_ ., 0
B =ocos [———FR = c0s @307 =248

ol FR)z | -1f 1820 )_ o0 0
b4 cns[ cos _633.9'7 88.4

F

g

F

B



2-63.

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

80 N, and @ = 60° and y = 45°, determine the magnitudes
of its components.

SOLUTION

cosp = V1 — cos?a — cosly

= \/1 — c0s260° — cos?45°

B = 120°

F, = |80 cos 60°| = 40N Ans.
Fy, =180 cos 120°] = 40N Ans.
F.

= |80 cos 45°| = 56.6 N

Ans.



2-64.

Determine the magnitude and coordinate direction angles of the force F acting on the stake.

Given:
Fp =40N
0 = 70 deg
c=3

d=4

Solution:

d
F=50N Ans.
C
Fy = Fjcos(6) Fy, = Fpsin(6) F,=|———IF
c +
JE+d
Fy=137N Fy=376N F,=30N

Fy Fy F,
a = acos| — = acos| — = acos| —
F d F 4 F

a = 74.1deg p =413deg y = 53.1deg Ans.



2-65.

Determine the magnitude and coordinate direction angles of the force F acting on the stake.

Given:
Fp = 40N
—
0 := 50deg
c:=3
d=4
Solution:
FoF c2 + d2
"y
F=50N Ans.
. c
Fy = Fpy-cos(0) Fy:= Fh-sin(0) F,=———F
2 2
c +d
Fy=25.7N Fy =30.6N F,=30N

o = acos| — B := acos| — Y = acos| —
F F F

o =591 deg Ans. B = 522deg Ans. Y = 53.1 deg Ans.



2-66.
Determine the magnitude and coordinate direction angles of

F,; = {60i — 50j + 40k} N and F, = {—40i — 85j + 30k} N.
Sketch each force on an x, y, z reference frame.

SOLUTION

F, =60i—50j+ 40k

Fy = V(60)2 + (—50)% + (40)? = 87.7496 = 87.7N

60
—1 = 46.9°
o8 (87.7496) 6.9
~50
= 71 = o
P = cos (87.7496) 125

40
= cos! = 62.9°
Y1 cos (87.7496)

F,=—-40i - 8j + 30k

ap

Fy = V/(—40)* + (—=85)% + (30)> = 98.615 = 98.6 N

—40
a = cos’l( ) = 114°

=
S}
Il
o)
o
w1
7N
S |
0
(¥,
N~
Il
—_
D
(e
o

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Ans.

Pt
h ]
b2
115‘0
4o0r
76
A
Fl
7z ,
l l+‘ f 5-0




2-67. Express each force in Cartesian vector form.

(F), =0 (F,), =5c0s60° =2.5kN
(F),=2kN (F,), =5cos45" =3.54kN
(F).=0 (F,). =5c0s60° =2.5kN
Thus, §; =0(i) +2(-j)+0(k) ={-2j}N Ans.

F =2.5(i)+3.54(j) +2.5(k)

={2.5i+3.54j+ 2.5k} N Ans.

T 60°

F,=2kN /

45°

F1=5kN

‘/f 600
|




2-68.

Express each force as a Cartesian vector.

SOLUTION

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

(F1), = 300 cos 30° = 259.8 N (F,), = 500 cos 45° sin 30° = 176.78 N

F,=500N
(F1)y =0 (F,), = 500 cos 45° cos 30° = 306.19 N
(Fy), = 300sin 30° = 150 N (F,). = 500 sin 45° = 353.55 N

Thus, F; and F, can be written in Cartesian vector form as
F, = 259.81(+i) + 0j + 150(—k)
= {260i — 150k} N Ans.
F, = 176.78(+i) + 306.19(+j) + 353.55(—k)

2{177i + 306§ — 354k} N Ans.




2-69.

Determine the magnitude and coordinate direction angles
of the resultant force acting on the hook.

SOLUTION

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

F, = 300 cos 30°(+i) + 0j + 300 sin 30°(—k)
= {259.81i — 150k} N F,=500N

F, = 500 cos 45°sin 30°(+i) + 500 cos 45° cos 30°(+j) + 500 sin 45°(—k)
= {176.78i — 306.19j — 353.55k} N

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

FR = F1 + F2
= (259.81i — 150k) + (176.78i + 306.19j — 353.55k)
= [436.58i) + 306.19j — 503.55k} N

The magnitude of Fp is

Fr=V(Fp)? + (Fp),X(Fp):
= V/(436.58)2 + (306.19)> + (—503.55)> = 733.43N = 733N Ans.

The coordinate direction angles of Fp are

_ ,[(FR)X} _ ,1(436.58) _ .
0, = cos _71:13 cos 3343 53.5 Ans.
L[F 306.19
0, = cos 1%} = cos*1(7 334 3) = 65.3° Ans.
[(F R)z} ~503.55
=cos | —=| = —1( : > — 133° Ans.
: | Fg €08 '\ 73343 133




2-70. Dete;r'mine the magnitude and coordinate
direction angles of the resultant force and sketch this

vector on the coordinate system.

F=F +F
‘ Fy = 350c0860°
" c0860°% + 350c0860°% ~ 350c0s45% + 4 2
2s0¢} _  anos 3
| (5)c0s30% 250(3)sin30°5 + 250(;)]:
Fy=250N Fr = {348.21i + 75.0j ~ 97.487k} N
N B = /(348.21)2 + (75.0)% = (974872
%
! y = 369.29 = 360 N Ans.
60°
e 1, 34821
@ = cos (—) =
., Gaogs) = 195° Ans.
25
L1, 750
s Fy=350N b= oo ggomg) = 783° Ans.
1, —97.487
¥ = cos™! =
(369.29) 105° Ans.



2-71.

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

SOLUTION

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

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

= {259.81i + 450j — 300k} N
X

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

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

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

Equating the i, j, and k components, xX

0 = 259.81 + 500 cos «

a = 12131° = 121° Ans. 1

Fr = 450 + 500 cos B @ F=6ooN
0 = 500 cos y — 300 Ca)

y = 53.13° = 53.1° Ans.

However, since cos” a + cos” B + cos’y = 1, = 121.31°,and y = 53.13°,

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

If we substitute cos B = 0.6083 into Eq. (1),
F = 450 + 500(0.6083) = 754 N Ans.

and

B = cos ! (0.6083) = 52.5°  Ans.

e)



2-72.

Specify the magnitude F'; and directions ¢, 55, and
73 of F5 so that the resultant force of the three forces

is Fy.
Units Used:
3 §
kKN = 10" N
Given:

F;=12kN ¢

Il
W

F=10kN  d=12

6 = 30 deg
0
FR =|9 | kN
0
Solution:
Initial Guesses: F3x=1kN F3, =1kN  F3 =1kN
F3x 0 ~d
F (6) [+ —==
Given Fr=| F3y |+ Fy| cos +— 0
Y 5 d2
F3, —sin(9) ) Ve +d ¢
F3x F3x 9.2
F3, | = Find(F3y, F3y,F3;) F3 = | F3y F3=|-14 |[kN |F3| =9.6kN Ans.
F3, F3, 22
as a3 15.5
F3
B3 | = acos| — B3 | =] 984 |deg Ans.
[F3|

73 73 77.0



2-73.

Determine the magnitude and coordinate direction angles of F; so that the resultant of the three

forces acts along the positive y axis and has magnitude F.

Given:
F = 600N
F; =180 N
Fy =300N
a; = 30 deg
ar = 40 deg
Solution:

Initial guesses:

a = 40 deg 7y = 50 deg
B =50deg F3 =45N
Given

Fp.=2F; 0=-F; +Fgcos(a1)sin(a2)+Fgcos(a)

Fp,=ZF); F=Fgcos(al)cos(ag)+F3cos(/3)

Fp,=2F; O=—ngin(a1)+F3cos(7/)

cos(a)2 + cos(,B)2 + cos(y)2 =1
F3
a 88.3
= Find(F3,a,4.7) F3 = 428N B |=1206 |deg

y 69.5

Ans.



2-74.

Determine the magnitude and coordinate direction angles of F; so that the resultant of the three

forces is zero.

Given:

F; =180 N q

30 deg F,

F» =300N a3

40 deg

.-""--..
Solution: F|
Initial guesses:
a =40 deg y = 50 deg
B =50deg F3=45N - o
: v
Given :
Fr.=2F; 0=-F; +Fgcos(a1)sin(a2)+F3cos(a)
Fp,=ZF; 0 =Fgcos(aj)cos(ag)+F3cos(ﬂ) A
Frp,=2F; 0= —ngin(a1)+F3cos(7)
cos(o:)2 + cos(,B)2 + cos(;/)2 =1
F3
a 87.0
= Find(F3,a,8.7) F3 =250N B | =1 142.9 |deg Ans.
y 53.1



2-175.

Determine the coordinate direction angles of force F;.

SOLUTION

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

4 4 3
(F)y = 600(5) cos 30° N (F), = 600(5) sin 30° N (R), = 600(§> N
Thus, F; expressed in Cartesian vector form can be written as
4 . 4 . . 3
F, = 600{5 cos 30°(+i) + 3 sin 30°(—=j) + 3 (+k)} N
= 600[0.6928i — 0.4j + 0.6k] N

Therefore, the unit vector for F; is given by

F,  600(0.6928i — 0.4j + 0.6k
Uup = =

=—-= = 0.6928i — 0.4j + 0.
=T 0 0.6928i — 0.4j + 0.6k

The coordinate direction angles of F; are
a= cos_l(uFl)x = cos 1(0.6928) = 46.1° Ans. X
B = cos N(ur), = cos ' (—0.4) = 114° Ans. (:Q)

y = cos '(ug,), = cos '(0.6) = 53.1° Ans.



2-76.

Determine the magnitude and coordinate direction angles
of the resultant force acting on the eyebolt.

SOLUTION

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

4
5

4

F, = 600( >cos 30°(+i) + 600( S)Sin 30°(—j) + 600<%)(+k)

= {415.69i — 240j + 360k} N
F, = 0i + 450 cos 45°(+j) + 450 sin 45°(+k)
= {318.20j + 31820k} N

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

FR:F]+F2

= (415.69i — 240j + 360k) + (318.20j + 318.20k)

= {415.69i + 78.20j + 67820k} N

The magnitude of Fy is given by

Fr= V(FR.> + (Fp),* + (F).? &
= \/(415.69)2 + (78.20)% + (678.20)% = 799.29 N = 799 N Ans.
Fle
The coordinate direction angles of F are ‘f’ K
[ (FR): ] : (415.69) E=450N
= 1 - = 1 7 —] o
a = cos T Fe cos 799.29 58.7 Ans. f I

[(Fr)y 78.20 4t
B = cos™! . cos_l(799 29> = 84.4° Ans. ?‘
[(FR):T 678.20 : + 3 )7 \

= cos! = 32.0° Ans.
CFg | (799.29) ns

COos

7

<
Il

®)



2-717.

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

SOLUTION

Cartesian Vector Notation:

F, = 350{sin 40°j + cos 40°k} N
= {224.98j + 268.12k} N
= {225j + 268k} N

F, = 100{cos 45° + cos 60°j + cos 120°k} N
= {70.71i + 50.0j — 50.0k} N
= {70.7i + 50.0j — 50.0k} N

F; = 250{cos 60°i + cos 135° + cos 60°k} N
= {125.0i — 176.78j + 125.0k} N
= {125i — 177j + 125k} N

Resultant Force:

FR:F]+F2+F3

Ans.

Ans.

Ans.

= {(70.71 + 125.0)i + (224.98 + 50.0 — 176.78)j + (268.12 — 50.0 + 125.0)k} N

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

The magnitude of the resultant force is

Fr=\Fk + Fg, + Fg,

= V195712 + 98207 + 343.122

= 407.03N = 407 N

The coordinate direction angles are

Fr, 19571
cCosa = TR = 407.03 a = 613

Fr, 9820

: .
= = = 76.0°

osB = T a0 P

Fr. 34312
cosy = = y = 32.5°

Fr  407.03

Ans.

Ans.

Ans.

Ans.



2-78.

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

SOLUTION

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

= {42.43i + 73.48] + 84.85k} N

4
F, = SO{Si + 21(} N = {64.0i + 48.0k} N

F, = {~110k} N
F3 = {F3Xi + F3yj + F3z k} N
Resultant Force:

FR:F]+F2+F3

b4
F;
Fr=120N
F,=110N
F; =80N 5 45°
34 /
30°

(42.43i + 73.48) + 8485k} = {(64.0 + F5 )i + F; j + (48.0 — 110 + F;_) k|

Equating i, j and k components, we have
64.0 + I3 = 4243 F;, = —21.57TN

Fy = 73.48N

480 — 110 + F, = 8485  F, = 14685N

The magnitude of force F; is
Fy = \/F5 + F} + F3,

= V(—21.57)> + 73487 + 146.85

= 165.62N = 166 N

The coordinate direction angles for F; are

F. 2157
cosa = F = 165.60 a =975
F5, 7348
=== = 63.7°
cSB = T 16562 B
5. 14685
cosy = =— = v =27.5°

F 16562

Ans.

Ans.

Ans.

Ans.




2-79.

Determine the coordinate direction angles of F; and Fp,. z
F;
Fr=120N
F,=110N
SOLUTION
Unit Vector of F, and Fp: Fi = 80 N 45°
4.3 s
wp, = Si+ Ck=08i + 06k =l

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

0.3536i + 0.6124j + 0.7071k ¥

Thus, the coordinate direction angles F, and F are

cos ap, = 0.8 ap, = 36.9° Ans.
cos Bp, =0 Br, = 90.0° Ans.
cos yp, = 0.6 VE, = S30° Ans.
cos ag = 0.3536 ar = 69.3° Ans.
cos Br = 0.6124 Br = 52.2° Ans.

cos yg = 0.7071 yr = 45.0° Ans.



2-80. The mast is subjected to the three forces shown.

Determine the coordinate direction angles ay, B, y; of z
F, so that the resultant force acting on the mast is F,
Fr = {350i} N. Y1

r = {350} =3

. ay
F, = 500 cosey i + 500cosf, j + 500 cosy, k — < 5,
. Fy=300N

¥, =F, + (~300§) +(-200k)

3501 = 500 coser;i + (500 cosf; — 300)j + (500 cosy, — 200)k ; YF, =200N
350 = 500 cosexr;; o = 45.6° Ans,

0 = 500cosf; — 300; B8, = 53.1° Ans,

0 = 500cosy; - 200; ¥y, = 664° Ans.



2-81. The mast is subjected to the three forces shown.
Determine the coordinate direction angles «q, By, 7y; of
F, so that the resultant force acting on the mast is zero.

F, = {500 cosey i + 500cosfj + 3500 cosy K} N
B = {-200k} N
E = {-3001} N

FR=FK+E+K=0
500cas@; = 0; Coy = 90°
500cosf, =300; B, = 53.1°

500cosy; = 200; 7, = 664°

Ans,

F;=300N

ay

\

F,
Y1

B

I, =200 N




2-82. 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.

F, = (180cos 15%) sin 60° i + (180 cos 15°)cos 60 ° J — 180sin 15°k

= 150.57 i+86.93 j—46.59 k

FsRosomi+t heoshj+HBosnk
Fr = (5000} N
FR=F +R
i components :
500 = 150.57 + R cos ay

F.=F cosm = 349.43

Thus,
J components :
0 =893+ Rcoshy F = (RI+Ej+ R} = y(349.43) + (-86.93)% + (46.59)
F,=FKcosf = -86.93 /= 363N Ans.
k components : o = 15.8° Ans.
0= -4659 + Fcosh b= 104° Ans.

R,=Rcospy = 46.59 =826 Ans.



2-83. Determine the magnitude and coordinate direction z
angles of F, so that the resultant of the two forces is zero.

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

BEsRosayi+tReoshJ+Reosnk

fp= @
| components : k components :
0=150.57+F cos o 02-46.59+K cos p
R cosam = -150.57 R cos 4 = 46.59
J components : R = J(~150.57¢ +(-86.93)’+(46.39)i'
0=86.93+5 cos B,
R cos B, = -86.93 g,
K =180N Ans.

@ = 147° Ans.
b =119 Ans.

% = 75.0° Ans.



2-84.

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

SOLUTION

cos?a + cos’ B + cos’y = 1
cos® a + cos? 30° + cos? 75° =
a = 64.67°

F, = 3 cos 64.67° = 1.28 kN

F,

y = 3 cos 30° = 2.60 kN

F,

Z

= 3 cos 75° = 0.776 kN

Ans.

Ans.

Ans.




2-85.
The pole is subjected to the force F which has components

F, =15kN and F, = 1.25kN. If B = 75°, determine the
magnitudes of F and F.

SOLUTION
cos’a + cos® B + cos’y = 1

1.5)? 1.25\?
+cos? 75+ (— ) =
(F) cos” 75 ( F ) 1

F =2.02kN

F, = 2.02 cos 75° = 0.523 kN

Ans.

Ans.




2-86. Determine the length of the crankshaft A B by first
formulating a Cartesian position vector from A to B and

then determining its magnitude, Fun = (400 + 125s1a25%)1 ~ 125 cog25y

s = {452.831 ~113.3) } mm

np =y (452.83)2 + (=113.3)? = 467 mm




2-87.

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

SOLUTION
D(2 ; 070 ; 2’ 1.5 ; o.s)m =D(1,1,1)m

tap=(1-2)ji+(1-0j+ 115k

~1i + 1j — 0.5k

rpp=(1—0)i+ (1 —2)j+(1—05k
= 1i — 1j + 0.5k
rep = (1= 0)i + (1 — 0)j + (1 — 2)k

=1i +1j — 1k

Fap = V(=12 + 12 + (0.5 = 1.50m
rgp = V12 + (1) + 0.5* = 1.50m
rep= V12 + 17+ (-1)* = 1.73m

1.5m

Ans.
Ans.

Ans.




2-88.

Determine the length of member AB of the truss by first
establishing a Cartesian position vector from A to B and
then determining its magnitude.

SOLUTION

tan 40°

ryp = (11) = - 0.80)i + (1.5 — 1.2)j

rap = {2.09 + 0.3j} m

rap = V(209 + (03)° = 2.11m Ans.

1.2m

1.5m




2-89.

If F = {350i — 250j — 450k} N and cable AB is 9 m long,
determine the x, y, z coordinates of point A.

SOLUTION
Position Vector: The position vector r 45, directed from point A to point B, is given by
rap = [0 = (=0)]i + (0= »)j + (0 - 2)k
=xi—yj—zk
Unit Vector: Knowing the magnitude of r 45 is 9 m, the unit vector for r 45 is given by

" _rgp xi—yj— 2k
aB = 9

The unit vector for force F is

F 350i — 250§ — 450k ) )
w == = 0.5623i — 0.4016j — 0.7229k

F 33507 + (=250 + (—450)?

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

Uyp = Up

xi —yj — zk

9 = 0.5623i — 0.4016j — 0.7229k

Equating the i, j, and k components,

g = 0.5623 x =506m Ans.

%y ~ —0.4016 ¥ = 3l in Ans.

%Z = 0.7229 z=651m Ans.

—




2-90.

Express Fp and F in Cartesian vector form.

SOLUTION

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

rp (=15 —05)i + [-2.5 — (-L5)]j + (2 — O)k

up = — =
B \/(=15 - 05) + [-25 — (=L + (2 — 0)
2. 1, 2
_2. 1.2
UL
L_fe_ (C15-05)i+[05 -~ (-15)]i + (35 -~ Ok
L
¢ \/(=15 - 05 + [05 — (—L5)P + (3.5 — 0)?
4, 4, 7
_ A 4T
ol Tl gk

Thus, the force vectors Fz and Fc are given by

2. 1, 2
Fy = Fpuy = 600<—§i —5it §k> = {—400i — 200j + 400k} N

7

4. 4
Fo = Foue = 450(—4 +oit fk) = {—200i + 200j + 350k} N Ans.

9 9

@)

&

C(—15,05,35)m



2-91.

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

SOLUTION

Force Vectors: The unit vectors ug and uc of Fp and Fe must be determined
first. From Fig. a

rp (=15 - 05)i + [-25 — (-15)]j + 2 — 0)k

T N(C15 - 057 + [25 — (15 + 2 - 0
_2 12
T3 7373
re (-15-05)i + [05 — (-15)]j + (3.5 — 0)k
w =
e A\[C15- 057 + [05 — (—15)F + (5 — 0
—_ i' + i’ + Zk
IR L

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

2. 1, 2
Fy = Fpup = 6oo<—§i -5+ §k> = {—400i — 200j + 400k} N

4, 4, 7 @
Fo = Foue = 450(—§i + ot gk) = {—200i + 200§ + 350k} N

Resultant Force:
Fi = Fy + Fo = (—400i — 200§ + 400k) + (—200i + 200j + 350K)
= {—600i + 750k} N

The magnitude of Fy is

Fr= V(Fo)i? + (Fp),> + (Fg),?

= V/(=600)> + 02 + 750> = 960.47 N = 960 N

The coordinate direction angles of Fy are

) (FR)X} . ( —600)
_ 1 — 1 = 129° Ans.
a = cos { Fr cos 960.47 9 ns,
(FR)y 0
= cos™! = cos ™! = 90° Ans.
B = cos { Fr } cos (960.47) ns
F 760
Y= cos’l{(F[;)z} = 00571(960.47) = 38.7° Ans.

=

C(-15,0:5,35)m



2-92.

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

SOLUTION

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

=B QO (3-0i+O-6k 2, 3. 6

. =

soNe-opt(3-opto-ep T T
T G000 6k 3, 2 6
¢ rc \/ — 0)? —0)? —62 7J 7
(3 -0+ 2-0>+(0-6)

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

2
Fy = Fgup = 560<7i - %j - gk) = {160i — 240j — 480k} N

3 2 6

Fc = Fcue = 700(? + ;j — 7k) = {300i + 200j — 600k} N

Resultant Force:

Fr = Fy + Fo = (160i — 240§ — 480k) + (300i + 200j — 600k)
= {460i — 40j + 1080k} N

The magnitude of Fy is

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

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

The coordinate direction angles of Fy are

] (FR),C} ] ( 460 ) )
= 1 = 1 = 66.9° Ans. C
@ = oS { Fr cos 117456 6 ns

(Fr) -
B = cosfl{ G y} = cos*1(1172056) = 92.0° Ans.

R .
(F R)z} ( -1080 )
— -1 | = -1 — o

Y = cos { Fr cos 117456 157 Ans.



2-93.

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

SOLUTION

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

B o0t (3-0rO-0k 2, 3
BN Q -0+ (3-02+©0-67 1 7

e G-0i+Q2-0j+0-6k 3. 2. 6
u=—= =Zi+-j— -k

rc_\/(3_0)2+(2—0)2+(0—6)2 7 7 7

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

up =

2. 3. 6

Fy = Fpup = 700(7i -Ji- 71() = {200i — 300 — 600k} N
3. 2. 6 . .

Fc = Feue = 560{ Zi + 2j — 2k ) = {2408 + 160j — 480k} N

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

The magnitude of Fy is

FR = \/(FR)X2 + (FR)y2 + (FR)Z2

= \V/(440)? + (~140)> + (~1080)* = 1174.56 N = 1.17 kN Ans.
The coordinate direction angles of Fy are Cﬂ/)
a = cosfl{%} = 00571(114;1?56) = 68.0° Ans.
B = cos_l{(?jy} = cos_1(11771:(5)6) = 96.8° Ans.
v = cos_l{(};i)z} = COS_1(1_1;2?506> = 157° Ans.



2-94.

The tower is held in place by three cables. If the force of z
each cable acting on the tower is shown, determine the
magnitude and coordinate direction angles «, 8,y of the
resultant force. Take x = 15m,y = 20 m.

SOLUTION

15 20 24
_ - .
Foa 400(34.66 ' 34661 T 3466 k) N

6 4 . 24
Fos 800(2506 * 25069 25.06k)N

16 18, 24

Fr = Fpy + Fpp + Fpe

= {263.92i + 40.86j — 1466.71k} N

Fr = V(263.92) + (40.86)% + (—1466.71)

= 1490.83 N = 1.49kN Ans.
263.92
= 71 = o
a = COoS (1490.83) 79.8 Ans.
B = (1490 83) = 88.4 Ans.

—1466.71 3
= < 1490.83 ) = 169.7 Ans.



2-95.

At a given instant, the position of a plane at A and a train at z
B are measured relative to a radar antenna at O. Determine
the distance d between A and B at this instant. To solve the
problem, formulate a position vector, directed from A to B,

and then determine its magnitude. 5km
60°
35°
SOLUTION o

Position Vector: The coordinates of points A and B are . /%

A(=5 cos 60° cos 35°, =5 cos 60° sin 35°, 5 sin 60°) km

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

= B(1.165,1.389, —0.845) km

The position vector r4 5 can be established from the coordinates of points A and B.
rap = {[1.165 — (—2.048)]i + [1.389 — (—1.434)]j + (—0.845 — 4.330)k} km
= {3.213i + 2.822j — 5.175)k} km

The distance between points A and B is

d=ras= V32132 + 28222 + (-5.175)> = 6.71 km Ans.



2-96. 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
FpandF..Setx =3mand z = 2m.

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

5 . 6,
2B :——l——]'l'"‘k
B 2-072+(0-6) +(3-0) ’
I _ _(3-0i+(0-6)j+2 -0k _3. 6. 2

i git gk

7 7
IIC=
(o J(3-0)2+(0—6)2+(2—0)2

Thus, the force vectors Fg and F are given by

g =

2 6 3
= == Fgi-—Fgj+=Fgk
Fp = Fgup =—- Fpi-—Fpj+ S Fp
3 6 2
Fe =Fpup == Fei-=Fcj+=Fck
c =Fue =S Fci-ZFci+ D Fe
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
Fp =-Fgj and W =[~1500k]N

Resultant Force: The vector addition of Fy, i, and W is equal to Fg . Thus,
Fp =Fg +Fc + W
2 6 3 3 6 2
_Fpij=|—=Fpi~—Fpj+— =Fri—— 2 ~1500k
FRrij [ 7FBI 7F8]+7Fnk]+(7FCl 7ch+7Fck)+( )
2 3 6 6 3 2
-Fpj=|—= - i+| —=Fp —— j+| = <k —1500
Frij [ 7F3+_’Fc}+[ 7 B 7FC)J+(7FB+7EZ' )k

Equating the i, j, and k components,

2 3
0=-ZFg+3Fc w
6 6
-FR-—7FB—7FC ¢3]
3 2
= ZFp +=F¢ — 1500
0 7FB =Fc 3

Solving Egs. (1), (2), and (3) yields
Fc = 161538N =1.62kN
Fy = 423.08N =2.42kN
Fg =3461.53N = 3.46kN




2-97. 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 = 1610N and F¢ = 2400 N.
Force Vectors: From Fig. a,
up=tBo (=2= 0)i+ (0= 6)j+ (3= Ok =_%i_gj+%k
B J2-02+0-62 +(3-0)>
== (x-0li+(0-6)j+(z—-0)k x . 6 . z

Thus,

Fg=Fgup = l610(—%i-——:-j+%k) = [-460i - 1380 + 690k ]N

Fc=1“@uc=uu{4xz "2
+22+
2400x

. 6 . z
6 Jr2+;2+36] 42 +:2+36

it k
2+2436

€(3,0,2)m
14 400 . 2400
= i i+
Wr2+:2436 fr2+:2436  x2+22436 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
x
Fp=~FRj and W =[-1500k]N
Resultant Force:
FR =FE +FC +W
2400x 2400z
-Fpj=(-460i - 1380+ 690k )+ i- 14 400 + k |+(-1500k)
sz +22+36 sz +22+36 sz +7%2+36

_Fpj= 2400x ~460 li— 14 400
x2+:2+36 ,\:2+.._"'lZ

Equating the i, j, and k components,

g MO o 24006

J;z+:2+36 J12+:2+36

Fg = 0| 1380 Fp =m0 41380
-J.r2+32+36 2+:24+36

0=690+-—205 1500 U00:__ _g10

J.r2+:2+36 -Jx2+:2+36
Dividing Eq. (1) by Eq. (3), yields

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

2=2197m=220m
Substituting = = 2.197 minto Eq. (4). yields

=1248m=125m

Substituting x = 1.248 m and 7 = 2.197 m into Eq. (2), yields

Fp =3591.85N =3.59kN

2400
+1380 }j+| 690+ —1500 |k
+36 ] { Jx2+:2+36 }

()]

2)

(&)

4)



2-98.  The door is held opened by means of two chains.
If the tension.in AB and CD is F,, = 300 N and F = 250
N, respectively, express each of these forces in Cartesian
vector form.

Unit Vector : First determine the position vector ¢ g and rep. The coordinates of
points A -and C arc

A[0, —(1+1.5cos 30°), 1.55in 30" ) m=4(0, ~2.299, 0.750) m
C[~2.50, —(1+ 1.5cos 30°), 1.5sin 30%] m = C(-2.50, -2.299, 0.750) m

Then

£o5 = {{0-0)i+[0-(~2.299)}j+(0-0.750)k} m
- ={2.299)-0.750k} m
Fop = ¥12:2997 + (<0.750)” = 2418 m

g = 8 2 ZEI 0TI _ g 55075- 03101k

2418

Tep = ([-0.5~(-2.9)]i+[0~(-2.299)]j+ (0~ 0.750)k} m
= (2.0 +2.299j ~ 0.750k} m

rep = {2002 $2.2993 + (-0.750)" = 3.138 m

ugy = F2 5 2ONH2IBN-0TI _ 3954073265 - 02390k
L en 3.138 .

Force Vector:

¥, = Fu,; = 300{0.9507j - 03101k} N
= {285.21j-93.04k} N
={285§~93.0k} N Ans.

F, = Fugp = 250{0.6373i +0.7326j ~0.2390k} N
L= {159.33i + 183.95) - 59.75k} N
= {159 + 183j-59.7k} N Ans,



2-99.

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

SOLUTION

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

3i - 05§ — 4k

F, = 200( 5.02494

) = (119.4044i — 19.9007j — 159.2059k)

tap = (3cos 60% + (15 + 3 sin 60°)j — 4k)

rap = (L5i + 4.0981j + 4k)

leasl = VI(1.5)% + (4.0981)2 + (—4)2 = 5.9198

1.51 + 4.0981j — 4k
Fl =1

= . 2 + R e .
5.9198 ) (38.0079i + 103.8396j — 101.3545k)

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

Fr = V(157.4124)> + (83.9389)> + (—260.5604)* = 315.7786 = 316 N
a= cos*l(%) = 60.100° = 60.1°
B = *(%) = 74.585° = 74.6°
y = ‘1(77321?56827) — 145.60° = 146°

1.5m
AR
F = 150N
Fy = 200N ' A
3
3m/ 6002

Ans.

Ans.

Ans.

Ans.



2-100.

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.

SOLUTION

Unit Vector:

ric = {(—1 = 0)i + (4 — 0)j + (0 — Ak} m = {~1i + 4j — 4k} m

Fac = V(=172 + 42 + (42 =5745m

| YTl o _1i+4j — 4k

= = = — . H + X . _ .
flac rac 5.745 0.1741i + 0.6963j — 0.6963k

tsp = {(2 = 0)i + (=3 — 0)j + (0 — 5.5k} m = {2i — 3j — 5.5k} m

rsp = V2% + (=3 + (-5.5 = 6.576m

gy = B C AT 5K 04562) — 0.8363K
BD = 6.576 ' e

Force Vector:
F, = Fpuye = 250{—0.1741i + 0.6963j — 0.6963k} N
= {—43.52i + 174.08j — 174.08k} N
= {—43.5i + 174j — 174k} N Ans.
Fp = Fpupp = 175{0.3041i + 0.4562j — 0.8363k} N
= {53.22i — 79.83j — 146.30k} N

= {53.2i — 79.8] — 146k} N Ans.




2-101.

The force acting on the man, caused by his pulling on the anchor cord, is F. If the length of
the cord is L, determine the coordinates A(x, y, z) of the anchor.

Given: Z
40
F=| 20 |N
-50
L =25m
Solution:
F
r =L—~
|¥|
14.9

r=| 7.5 m Ans.
—18.6




2-102.
Each of the four forces acting at £ has a magnitude of

28 kN. Express each force as a Cartesian vector and
determine the resultant force.

SOLUTION

6. 4. 12
FEA*ZS(Q' 147 14k)

Fra = {12i — 8j — 24k} kN Ans.

6 4 12
=28 i+ —j—
Fep 28(14 BEVERREY k)

Frp = {12i + 8j — 24k} kN Ans.

- 4 12

14 147 14

Fpe = (—12i + 8j — 24k} kN Ans.
6. 4. 12
Fep = 28(?' 1437 1a k)

Fzp = (—12i — 8j — 24k} kN Ans.
Fr=Fpy + Fgp + Fge + Fep

= {96k } kN Ans.



2-103.
The cord exerts a force F on the hook. If the cord is length L, determine the location x,y of the

point of attachment B, and the height z of the hook.

Units Used:

Given:

Solution :
Initial guesses x=Im y:=Im z:=1m

X—a X X 3.82

Given y =L.T y | :== Find(x,y,2) y|=1]212 |m Anps.
z 1.88



2-104.

The cord exerts a force of magnitude F on the hook. If the cord length L, the distance z and the
x component of the force F', are given, determine the location x, y of the point of attachment B of

the cord to the ground.

Given:
F := 30kN
L :=4m
z:=2m
Fy = 25kN
a:=1lm
Solution :

Guesses

X:= 1lm

y:=1m

-F L2=(X—a)2+y2+z2

) _ pind X _(4.33)
v = Find(x,y) y = | .04 m Ans.




2-105. - The tower is held in place by three cables. If the
torce of each cable acting on the tower is shown, determine
the magnitude and coordinate direction angles a, 8, y-of
the resultant force. Take x =20 m, y = 15 m.

20 15 %4
= 400(—i e § o i
Fox (a6 * 3ies " 3ae® N

-6 4 2
¥, = e e § e
o0 = 80035561 * 06 ~ e
16, 18 24
Foc = 600(3;1 - 2j - 2N

Fp = Fpy + Fpp + By

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

K = {(321.66)2 + (-16.82)2 + (—1466.71)2

= 150166 N = 1.50kN - Ans,
321.66
~1
- 2 e .
= o (isoree = 77 Ans
-16.82
= cos™} = 90,6° Ans.
B = cos i 55ree) = %0 h
7 = cos (0Tl _ ygpe Ans.



2-106.
The chandelier is supported by three chains which are concurrent at point O. If the force in each
chain has magnitude F, express each force as a Cartesian vector and determine the magnitude and

coordinate direction angles of the resultant force.

Given:

F := 300N
a:= 1.8m

b:=12m
07 = 120deg

0, := 120deg

Solution:

93 = 360deg - 01 - 92

b-sin(6; ; 144.12
0A
QA = b-cos(Gl) FA =F- |l'OA| FA =| —-83.21 |N Ans.
a ~249.62
b-sin(6y + 0) ) ~144.12
OB
roB = b-cos(el + 62) Fg:=F |I‘OB| Fg=| -83.21 |N Ans.
a ~249.62
0 ) 0.00
oC
roc=| b Fc:=F- Fc=| 16641 |N Ans.
[roc 249.62
_a - .

FRri=F +Fg+Fc |FR| = 748.85N Ans.



<2

= acos(

il

|FR|

90.00
90.00 |deg
180.00

Ans.



2-107.

The chandelier is supported by three chains which are concurrent at point O. If the resultant force
at O has magnitude Fy and is directed along the negative z axis, determine the force in each chain
assuming Fy =Fy =F.=F.

Given:

a:=1.8m

b:=12m

FR = 650N ,
Solution:

a2 + b2
F:=——Fp ¥
3a

F =260.4N Ans.




2-108.

Determine the magnitude and coordinate direction angles
of the resultant force. Set Fgz = 630N, Fr = 520N and
Fp=750N,and x = 3mand z = 3.5m.

SOLUTION
Force Vectors: The unit vectors ug, uc, and up of Fg, Fr, and Fp must be determined
first. From Fig. a, X
Irp (=3 -0)i+ (0—-6)j +(45-25k 3, 6., 2
Uug = — = :*71*7]4‘71(
B N/(=3 = 0)2 + (0 — 6)2 + (45 — 2.5)
r 2-0)i+(O0-6j+@—-25k 4. 12. 3 T
“C:£: ( ) ( N+ ( ) :Bi_Bj+Bk B(-3,0,45) mv
re N2 - 07+ (0 - 6) + (4 — 2.5 %
p (3—0)i+ (0—6)j +(-35-25k 1, 2. 2 w”o’ﬂ”
up = — = :gl—g‘]—gk
D N0 = 3)2 + (0 — 6) + (=3.5 — 2.5) N Ny
& 0)%2'5)”’1
Thus, the force vectors Fg, F¢, and Fp are given by
3. 6, 2 . . %
Fj = Fpup = 630\ —2i — 7j + 7k | = {~270i — 540j + 180k} N
254 3s),,
4, 12, 3 . . )
Fc = Fcuc 520<131 EL 13k) {160i — 480j + 120k} N

2

1
Fp = Fpup = 750<§i - gk) = {250i — 500§ — 500k} N

-3 i
Resultant Force:

Fr = Fy + Fe + F, = (—270i — 540j + 180K) + (160i — 480j + 120k) + (250i — 500§ — 500k)
= [140i — 1520 — 200k] N

The magnitude of Fy is

Fr= \/(FR)x2 + (Fp),* + (Fg),*

— V1402 + (~1520)2 + (—200)? = 1539.48 N = 1.54 kN Ans.
The coordinate direction angles of Fy are
a = cos’l{(%i)x} = COS?](1513‘;(.)48) = 84.8° Ans.
B = cosl{(?jy} = 00571(1;;3.24(;) = 171° Ans.
v= Cosf{(?;)z} N 00571(15_329(?28> == Ans.



2-109.

If the magnitude of the resultant force is 1300 N and acts
along the axis of the strut, directed from point A towards O,
determine the magnitudes of the three forces acting on the
strut.Set x = Oand z = 5.5 m.

SOLUTION

Force Vectors: The unit vectors ug, uc, up, and ug, of Fg, Fe, Fp, and Fg must be
determined first. From Fig. a,

ry (=3 -0)i + (0 - 6)j + (45— 25k 3. 6.,
upg = — = = —=—1—- =
T V(3o0pr0-6rr@s_2sp 1T

e Q2-0i+(0-6j+¢@-25k 4. 12, 3

2k
7

U = — = = —j - — -
re N2 - 0P+ 0-62+@—257 13 13713
rp (0= 0)i+ (0—6)j+ (-55—25k 3. 4

Up = —= :_gj-i-gk
D N0 = 07 + (0 - 6 + (=55 — 257

y _Fao_ O-0i+©0-6j+©-25 _ 12. 5

Fr 40 \/ _ 2 _ > _ 2 13.] 13

(0 —=0)*+ (0 -6+ (0 —25)

Thus, the force vectors Fg, Fc, Fp, and F  are given by

3 6 2
FB:FBUB:_fFBi_7FBj+7FBk

7
F- = F —iF'ng'wLiFk
c= c“c—13 cl 13 cl 3¢
3 . 4
Fr,=F = 1300(—E j — i k) = [~1200j—500k] N
R = I'RUR = 13J 13 = d]
Resultant Force:

FR:FB+FC+FD

7 7 13 13 13

3 6 2 4 12 3
~1200j — 500k = (— S = JF g + fFBk) + (—Fci - CFq + —Fck) +

3 4 6 12 3 2
~1200j — 500k = (—;FB + —Fc)i + (——FB - LR - *FDj> + <*FB +

13 7 13 5 7

Equating the i, j, and k components,

3 4

= —2Fp+ —F
0 7" 87137 ¢
6 12 3.
2 3 4
—500 = ZFp + —Fo— -F
00 =2Fp + 13Fc= 5

Solving Egs. (1), (2), and (3), yields

B(3,045)m

3 4
~2Fpj — ~Fpk
(5“‘ 5”)

3 4
ZFe - fFD)k

13 5

1
@
®)

Fe = 442N Fy = 318N Fp = 866N Ans.



2-110.
The positions of point 4 on the building and point B on the antenna have been measured relative

to the electronic distance meter (EDM) at O. Determine the distance between A and B. Hint:
Formulate a position vector directed from A4 to B; then determine its magnitude.

Given:
a = 460 m
b =653 m
a = 60 deg
L =55 deg
6 = 30 deg

¢ = 40 deg

Solution:

—a cos(¢) sin(@)
rQA = acos(¢)cos(9)
asin(¢)

—bcos (,B) sin( a)
rOB = | —bcos (,8) cos(a)
bsin(p)

—148.2

TAB = OB — I'OA raAB=| 4924 | m |rAB| =567.2 m Ans.
239.2



2-111. 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.

ty = (0=0.75+(0-0)j+(3-0)k = {-0.751+0)+Ik} m

P2y (-0.753+0P+312 =393 m

A -o.vs|+3u)
E=Fl—|26§ —
A ‘(r.) ( 3.093

= {~1.45521+5.8209k} kN

={=1,461+5.82k} kN Ans.

rc= [D— (-0.75 sin 45")]!-!-[0- (=0.75 cos 45')]11»(3 -0k

= {0.53031+0.5303 j+3k} m
re = /(0.5303)3 +(0.5303)3 + 2 =23.0923 m

ORI

= {0.8575 i+0.8575 j+4.8507k} kN
= {0.8571+0.857 j+4.85k} kN Ans,
' =[o- (=0.75 sin 30°)]|+(o-o.1s cos30°)j+(3~0)k
= {0.3751~0.6495  + 3 k}
ry = /03752 +(0.64958 + B = 3,093 m

g () g(0.3751-0.6495 + 3 k
b F'(r.) 8( EXC7X) )

= {0.9701i- 1.6803+7.7611k} kN

= {0.970i~ 1.68j + 7.76k} kN Ans.

Gy =

D
Fo=5kN
Fp=8kN
C
T s
45 W /(300
. /
A 0.75 m

l’. IFA +F. +Fc

={-1.45521+5.8209 k} + {0.9701 i~ 1.6803 J+ 7.761 1k}
+{0.85751+0.8575 j +4.8507 k}

={0.37241-0.8228 }+18.4327 k} kN

Fp = (0.3724) + (-0.8228)2 + (18.4327)7

= |8.4548 kN = 18.5 kN Ans.

F _ 0.37241-0.8228) + 18.4327%
3 18.4548

=0.02018i-0.04459) + 0. 9588k

cosa = 0.02018 © a@=88.8° Ans.
cosf = =0.04458 P=92.6° Ans.
cosy = 0.9988 r=2.81° Ans.



2-112.

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

SOLUTION

Since the component of (B + D) is equal to the sum of the components of B and
D, then

A-B+D)=A-B+A-D (QED)
Also,
A-B+D)=(Ai+ A,j+ AKk):[(By + D)i + (B, + D))j + (B, + D)k]
=A,B,+D)+ A, (B,+ D)+ A (B, +D,)
= (AB, + A,B, + AB,) + (A,D, + A,D, + A.D,)

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




2-113.

Determine the angle 6 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

1 -1, = (400) (50) + 0(300) + 250(0) = 20 000
Cosl<r1'rz>
ryr

20 000
= Sl ] =82(0° Ans.
o8 <(471.70) (304.14)) 82.0 s

S
Il



2-114.

Determine the angle 6 between the sides of the triangular
plate.

SOLUTION

rAC:{3i+4j—lk}m

rac = V(3)> + (4> + (-1)* = 5.0990 m
pp — {2j + 3k} m
rag = V(2)* + (3)* = 3.6056 m

ructyp =0+ 4(2) + (-1)(3) =5

0 = cos ! Tac*TaB — COSil;
FAcTAB (50990)(36056)

0 = 74219° = 74.2°

Ans.




2-115.

Determine the length of side BC of the triangular plate.
Solve the problem by finding the magnitude of ry; then
check the result by first finding 0, r,,, and 7, and then

using the cosine law.

SOLUTION

Also,

rBC={3i+2j—4k}m

ree = VB + 2% + (—42 =539m Ans.

rye={3i+4j—1kjm

rac = V3 + (4% + (—1)? = 5.0990 m
ryp =1{2j +3kjm
rag = V(2)2 + (3)* = 3.6056 m

Ypc*Yap = 0+ 4(2) + (71)(3) =5

g = Cosfl(w) _ 00571;
FAC B (5.0990)(3.6056)

0 = 74.219°

ree = V/(5.0990)% + (3.6056)2—2(5.0990)(3.6056) cos 74.219°

rpc = 5.39m Ans.

LA/,
tm] |
1m
Sm



2-116.

Determine the angle € between the tails of the two vectors.

Given:

ry =9m

ry) =6m

a = 60 deg

p = 45 deg

y = 120 deg

¢ = 30 deg

= 40 deg Y

Solution:

Determine the two position vectors and use the dot
product to find the angle

sin(g) cos(¢) cos(a)
riy = 7] —sin(g) sin(¢) Ry =1 COS(ﬁ)
cos(g) 005(7)

v N2y
0 = acos| ———— 0 =109.4deg Ans.
(|r1v| |f2v|)



2-117.

Determine the magnitude of the projected component of r; along r,, and the projection of r,

along r,.
Given:
r7 =9m
) = 6m
a = 60 deg
p = 45 deg
y = 120 deg
¢ = 30 deg
& = 40 deg
Solution:

Write the vectors and unit vectors

sin(g) cos(¢)

Iy = rj —sin(g) sin(¢)

cos (g)

cos(a)
ray =12 | cos(f)
cos(7)

Iy

]

uj

The magnitude of the projection of r, along r,.

The magnitude of the projection of r, along r;.

uz

Ny

ey

5.01

riy=|-2.89 | m

6.89
3
ray=| 424 | m
-3
0.557 0.5
up = | -0321 uy = | 0.707
0.766 -0.5

|riy-ua| =299 m

|ray-ug| =1.99 m

Ans.

Ans.



2-118.

Determine the projection of the force F along the pole.

SOLUTION

2 2 1
Proj F' = F-u, = (2i + 4j + 10k)-(7i +2j- -k

3 3 3
Proj F = 0.667 kN

)

Ans.

F= {2 +4j + 10k} kN




2-119.

Determine the angle & between the two cords.

Given:
a=3m
b=2m
c=6m
d=3m
e=4m
[ = ¥
& " t’_"
! _-7".
Solution: 2
b 0
FAC' TAB
rac =|a|m raAg =|-d|m 6 = acos 0 = 64.6deg Ans.
|rac]| |ras|



2-120. Two forces act on the hook. Determine the angle
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
= = 300§+ 300) +4243k; F, = 600N
B = 1200 + 90} ~ 80k: R = 170N

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

- =42944
9=m'(_].,“5° Al
(170 (600) .
a=]
So,

Ry, =F -j=(00(1) = 300N Ans.

Ry, =K -j=(90)(1)=9N Ans.

F; = 600N

F, = {120i + 90j — 80k}N



2-121. Two forces act on the hook. Determine the z
magnitude of the projection of F, along F.

Fi = 600N

X F, = {120i + 90j — 80k}N

u; = cos 120°§ + cos 60° j + cos 45°k
Proj i = F; - u; = (120) (cos 120°) + (90) (cos 60°) + (~80) (cos 45°)

|ProjR | = 716N  Ans



2-122. Determine the magnitude of the projected
component of force F , 5 acting along the z axis.

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

_ry o (45-0)i+(3-0)j+(0-9k —gi 2. gk

e J@5-0 +(3-02+0-92 7 777

Thus, the force vector F ,, is given by

3. 2. 6 ..
FAB: AB“AB:3’5(7I_ 7J— 7](] :{151_1J_3k} kN

Vector Dot Product: The projected component of F,, along the z axis is

(Fup). =F, k= (1.5i-1j-3k) - k
=-3kN

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

(F,5),=3kN Ans.

Fs 4 A0.09m

Uup fk

> )
B(4.5,-3,0) m '




2-123. Determine the magnitude of the projected
component of force F 4~ acting along the z axis.

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

w, = fac . Gsn30 -0+ Geos 30N+ Ok _ 150154 02739 - 0.9487k

Tac J(3sin30°=0)> + (3 cos 30°— 0)* + (0—9)?

Thus, the force vector F . is given by

F,. = F,au,. = 3(0.1581i + 0.2739j - 0.9487Kk) = {0.4743i + 0.8217j — 2.8461k} kN

Vector Dot Product: The projected component of F . along the z axis is

(F,0). = F .- k = (0.4743i + 0.8217j — 2.8461k) - k
=-2.8461 kN

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

(F,0). = 2.846 kKN Ans.

A(0,0,9) m
K
Tl e

L

lac

X (3 sin 30°,3 cos 30°,0) m




2-124. Determine the projection of force F = 400N
acting along line AC of the pipe assembly. Express the result
as a Cartesian vector.

Force and unit Vector: The force vector F and unit vector w4~ must be determined first.
From Fig. (a)
F = 400(~ cos 45° 5in30°i + cos 45° cos 30°§+ sin45%k )
={-141.42i +244.95j+ 282.84k }

o=fe o _Q-0i+@d-0i+3-0k _4, 3,

nw o Jo-02+@-02+3-02 3 3

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

Fyo =F-uye =(-14142i+ 244.95j+282.84k)-[%j+%k]

4 ] [3
=(-141.42Y0)+ 24497 — 2.84 —
(-141.42Y0)+ {5)+28 5]

=365.66 N Ans.

Thus, F 4~ written in Cartesian vector form is

4 3
Fuc = Faruye = 365. gj+-§k]={293j+219k}N Ans.




2-125. Determine the magnitudes of the components of
force F =400 N acting parallel and perpendicular to
segment BC of the pipe assembly.

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
(FC paral =F -j =(-141.42i +244.95j+ 282 84k) - §
=-141.42(0)+ 244.951) +282.84(0)
=244.95N =245N Ans.

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

(FbC dper =JF2 (Pt dperat = V4002 - 24495 =316N  Ans.

B(G,0,3)m_




2-126. Cable OA is used to support column OB .
Determine the angle 6 it makes with beam OC.

Unit Vector:

ge =i

 (4-0)i+(8-0)j+(-8-0)k

o = Ja- 00+ (8- 0 +(-8-0)}

The Angle” Between Two Vectors 6:

e gy = (1) -(§i+§1-3:)’= 1(§)+(o)(§)+o(_§)=;

1
9=cns"(uac‘uo‘)=cos"§=10.5° Ans,



2-127. Cable OA is used to support column OB.
Determine the angle ¢ it makes with beam OD.

Unit Vector :
ugp =—sin 30% + cos 30° = —0.51+0.8660)
 (4=0)i+(8-0)j+(-8-0)k
ton = Ja- 0 +(8-07 +(-8-0)

1. 2, 2
=it mj—=k
373

The Angles Between Two Vectors ¢:

1, .2 2
Ugp "Uos =(‘0-5i +0.8660) ‘(SI + Ej-sp

=(—o.5)G)+(o.saw)(;)q-o(-;)
=0.4107

¢ =cos™ (ugp - ug, ) = cos™ 0.4107 = 65.8° Ans.



2-128.

Determine the angles @ and ¢ between the axis OA of the pole and each cable, AB and AC.

Given:
F; =50N
Fy =35N
a=1m
b=3m
c=2m
d=5m
e=4m
f: 6 m x° .
g=4m
Solution:
0 e —
rAQ = | -8 FAB = a FAC = a+b
-/ -/ -/
FAO TAB
6 = acos| —m =524 deg Ans.
[rao| |ras|

FAO YAC
¢ = acos| ———— ¢ = 68.2deg Ans.
[|er| |rAC|j



2-129.

The two cables exert the forces shown on
the pole. Determine the magnitude of the
projected component of each force acting
along the axis OA4 of the pole.

Given:

F; =50N

Solution:

e —C 0
FAB = | 4 rAC = | a+ b rAQ = | —¢g
_f _f —f
FAC

Fiv = Flm

FAB

Fr40 = F1v-uao Fi40=185N

Foy = Fom— F240 = Fay'upa0 Fy40=213N

|ran|



2-130.

Determine the angle 6 between the pipe segments BA and BC.

SOLUTION

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

tpa = (0 — 1.5)i + (0 — 2)j + (0 — O)k = {—1.5i — 2j} m
the = (35— 15)i+ (3 —2)j+ (-2 -0k ={2i + 1j — 2k} m z

The magnitude of rp4 and rpc are

154 = V(-1.5)?%+ (-2 =25m L
rpe = V22 + 124+ (-2 =3m

e e e o s ?ic €(35.3,-2)m
rga-tpc = (—1.51 — 2j)- (2i + 1j — 2Kk)

= (15)2) + (=2)(1) + 0(=2) (o

= —5m’

Vector Dot Product:

Thus,

1 ¥BA*TBC _l =5
6 = =2 == = 1{7} = 132° Ans.
cos ( Fon e ) cos 250) ns



2-131.

Determine the angles # and ¢ made between the axes OA b4
of the flag pole and AB and AC, respectively, of each cable.
15m)
L
B 2m” AC
L
SOLUTION
rAC:{—Zi—4j+1k}m, rAC:4.58m
rap = {1.51 — 4j + 3k} m; rap = 5.22m
rao = {—4j — 3k} m; rao = 5.00m
tap tao = (1.5)(0) + (=4)(—-4) + (3)(=3) =7
o - C051<m'uo> .
FaBT A0
= cos™! S 74.4° Ans
5.22(5.00) ’ )

rac Tao = (=2)(0) + (=4)(=4) + (1)(=3) = 13

_ _1f YacYao
¢ =cos | ——

ractao

13
— =il — o
cos (74.58(5.00)> 55.4 Ans.



2-132.

The cables each exert a force of 400 N on the post.
Determine the magnitude of the projected component of F;
along the line of action of F,.

SOLUTION

Force Vector:
up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k
= 0.5390i — 0.1962j + 0.8192k
F, = Fug, = 400(0.5390i — 0.1962j + 0.8192k) N

= (215.59i — 78.47j + 327.66k} N

Unit Vector: The unit vector along the line of action of F, is
up, = cos 45°% + cos 60° + cos 120°k
= 0.7071i + 0.5 — 0.5k
Projected Component of F| Along Line of Action of F,:
(F)r, = Fyrup, = (215.5% — 78.47j + 327.66k) - (0.7071i + 0.5j — 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,)F, acts in the opposite sense
of direction to that of u,.

Thus the magnitude is (/ )y, = 50.6 N Ans.

F, = 400 N




2-133.

Determine the angle 6 between the two cables attached to
the post.

SOLUTION

Unit Vector:
up, = sin 35° cos 20°i — sin 35° sin 20°j + cos 35°k
= 0.5390i — 0.1962j + 0.8192k
uy, = cos 45°% + cos 60°% + cos 120°k

= 0.7071i + 0.5j — 0.5k

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

up cup, = (0.5390i — 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,

6 = cos! (“F, -upz) = cos 1(—0.1265) = 97.3° Ans.

F, = 400N




2-134.

Force F is applied to the handle of the wrench. Determine the angle &between the tail of the force
and the handle 4B.

Given:

a = 300 mm

b = 500 mm
i
F =80N ;
0; = 30 deg A4
6y = 45 deg a -
Solution: 2 p ) g —
_cos(ﬁj) sin(@g) 0 g

Fy = F cos(é’])cos(ag) up = | -1

sin(6;) 0

Fy-uyp
0 = acos( vFa ) 6 =127.8deg Ans.



2-135.

Determine the projected component of the force F acting along the axis 4B of the pipe.

Given:

F=80N

a=4m

b=3m

c=12m

d=2m

e =6m

"
Solution:
Find the force and the unit vector

—e -6 -35.3
rA
rAa =|-a->b ra=| -7 |m Fy =FW Fy=| 412 | N
d—c -10 A -58.8
—e -6 -0.9
rAB
YAB = | —b rAB=| -3 | m UAB = m upap =| 0.4
d 2 AB 0.3

Now find the projection using the Dot product.

FAB = FV'“AB FAB:31.1 N Ans.



2-136.

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
e = (=3I +4j = 4K).  ruc = V(-3 + £+ (-4 = Vdaim

L3+ 4) + 4K
rAB:%:+=—1.Si+2j—2k

Yap =Tap t Ipp
Ipp = Yap — Y4B
= (4i + 6§ — 4k) — (—1.5i + 2j — 2k)

= {5.5i + 4j — 2k} m

rep = V(5.57% + (4)* + (—2)* = 7.0887m

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

Component of F along r4¢ is F)|

Fora (4655281 + 338.5659f — 169.2829K) - (~3i + 4j — 4k)
rac V41

Fj|=99.1408 = 99.1 N Ans.

Component of F perpendicular tor,cis F |
F% + Ffj= F* = 600
F? = 600° — 99.1408>

F, =591.75 =592 N Ans.




2-137.

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
req = 3i — 4 + 4k

req = 6.403124

3 . .
Icp = m(l‘c,q) = 1.40556i — 1.874085j + 1.874085k

Top = Yoc + Icp

_3i + 4j + rcp
= —1.59444i + 2.1259j + 1.874085k
Yop = Yop T Ipp

Ypp = Yop — Yop = (4i + 6j) — rpp

5.5944i + 3.8741j — 1.874085k

rep = V(5.5944)% + (3.8741)> + (—1.874085)* = 7.0582

r
F = 600(;’%’)) = 475.568i + 329.326j — 159.311k
BD

rac = (=3i + 4 — 4k),  rac = V4l
Component of F along r ¢ is F |

Feorae  (475.568i + 329.326j — 159.311k) - (—3i + 4j — 4k)
rac Va1

F| = 824351 = 824N Ans.

Component of F perpendicular tor,cis F |
F% + Ff = F* = 600
F? = 600% — 82.43517

F, =594N Ans.



2-138.

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 + 259.81j + 129.90k] N

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

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

—75(1) + 259.81(0) + 129.90(0)
= —75N

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

—75(0) + 259.81(1) + 129.90(0)

260 N

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

F,=75N, F,=260N Ans.




2-139.

Determine the magnitude of the projected component of
the force F = 300 N acting along line OA.

SOLUTION

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

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

roa (=045 — 0)i + (0.3 — 0)j + (0.2598 — 0)k . .
Uy = — = = —0.751 + 0.5j + 0.4330k
roa V(=045 — 0)2 + (0.3 — 0)2 + (0.2598 — 0)?

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

=242 N Ans.

Al-(03+035m30%) 0.3, 0.3Cos20° ] m

- (‘0‘49/ 0'3/ 0.2575),"



2-140.

Determine the length of the connecting rod AB by first
formulating a Cartesian position vector from A to B and

then determining its magnitude.

SOLUTION
r,, = [400 — (—125sin 30°)]i + (0 — 125 cos 30°) j

= {462.5i — 108.25 j} mm

Ans.

r.,= V(4625)> + (10825 = 475 mm



2-141.

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

SOLUTION

Fy, = 200sin45° = 141N

Fy, = 200 cos 45° = 141 N

Fy, = —150 cos 30° = —130 N

F,, =150sin 30° = 75N

Ans.
Ans.
Ans.

Ans.




2-142.

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

SOLUTION
+NFp, = 3F;  Fge= —150cos 30° + 200 sin 45° = 11.518 N

/+Fgy, = SF;

v Fgy = 150 sin 30° + 200 cos 45° = 216.421 N

Fr =V (11.518)2 + (216.421)> = 217N Ans.

216.421
0= tan1< > = 87.0° Ans.

11.518




2-143. Resolve the 250-N force into components acting
along the u and v axes and determine the magnitudes of

these components.

250 F,
3in120°  sin40°

F, = 186N Ans,

shl!ﬂ“aﬁ; F, =2 987N  Anps.




2-144.

Express F; and F, as Cartesian vectors.

SOLUTION
F; = —305sin 30°i — 30 cos 30° j
= {-15.0i — 26.0j} kN Ans.
5 .12 ) F,=30kN
= — + —
F, = —2(26)i + 1(26)]

{~10.0i + 24.0j} kN Ans.



2-145.

Determine the magnitude of the resultant force and its

direction measured counterclockwise from the positive
X axis.

SOLUTION

5
5 Fpy = SF;  Fpy= —30sin30° — 13(26) = ~25kN

12
+1Fg, = SF,; Fg, = —30cos30° + 13(260) = ~1.981kN

Fr= V(=252 + (—1.981)2 = 251 kN

1.981
b = tan’l(?) = 4.53°

0 = 180° + 4.53° = 185°

302

F,=30kN

Ans.

as kN

~

Gl

Ans. R

L8 kN



2-146. Cable AB exerts a force of 80 N on the end of the
3-m-long boom OA. Determine the magnitude of the
projection of this force along the boom.

Vector Analysis :
F =30[™2)= 50 _3@60"'__3“1160”]*_4*)
A3 ] ] 5

= -241- 41.57) + 64Kk

Ugp = —cos60° i - sin60°§ = - 0.51-0.866)

BewiF = F - 040 = (~24)(-0.5) + (-41.57) (- 0.866) +(64)0= 480N  Am.
Scalar Anaysis :

Angle OAB = wn™ G) = 53.1%°

Proj F = 80 cos §3.13° = 48.0N Ans,




2-147.

Determine the magnitude and direction of the resultant
Fr = F; + F, + F; of the three forces by first finding the
resultant F' = F; + F; and then forming F;z = F' + F,.
Specify its direction measured counterclockwise from the
positive x axis.

SOLUTION

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

sin ¢ _sin 105°
80 104.7 °

b = 47.54°

Fr = V(104.7)* + (75)% — 2(104.7)(75) cos 162.46°
Fgr=171.7 = 178N

sin 8 sin 162.46° )
1047 1777

B =10.23°

0 = 75° + 10.23° = 85.2°

F,=80N

30°—

F,=75N
f F3:50N

30°

N7\ W S

Ans.
Ans.
50N
)
105° F /
g8oN
(b) «©)

45%44754°
4 qtz'5'4"

(&)



2-148.

If 6 = 60° and F = 20 kN, determine the magnitude of the
resultant force and its direction measured clockwise from
the positive x axis.

SOLUTION
4 1
B Fpe=3F,;  Fpe= 50<7) + —— (40) — 20 cos 60° = 58.28 kN
5/ V2
+1Fp, = SF,:  Fp, = 50(3) - L(40) — 20sin 60° = —15.60 kN
Ry ¥y Ry 5 NG .
Fr = V(5828)> + (—15.60)2 = 60.3 kN Ans.

1560 )
¢ = tan 1|:5828:| =15.0 Ans.

50 kN

40 kN



2-149. Determine the design angle 6 (0° = 6 = 90°) for
strut AB so that the 400-N horizontal force has a
component of 500 N directed from A towards C. What is the
component of force acting along member AB? Take

¢ = 40°.
Parallelogram Law : The parallelogram law of addition is shown in wlas
Fig.(a). ey
AN
Trigonometry : Using law of sines [Fig. (b)], we have | N\
[ \
]
sin @ _ sin 40° l{ ™\
500 400 A ___i.\e k
sin 6= 08035 N % ] >\
. \ be
Y 140
0= 53.46° = 53.5° Ans N\ !
Ay
N 1
Thus, = 180°- 40° - 53.46° = 86.54° \\ !
1
hY
Using law of sines [Fig. (b)] @ ¥z .
Y
”;B = 400 I' 40’ \\ aB
sin86.54° sin 40° SoeN AN
Fp=621N Ans N N\
; ¢
400N





