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1-1. Round off the following numbers to three significant

~ . A
figures: (a) 4.65735 m, (b) 555785, (<) 4555 N, (d) 2768 kg ) 466m  b) $5.65s ¢ 4.56KN d)2.77TMg Ans
1-2. Wood has a density of 4.70 slug/ft3 is i
density expressed in ST units? /I What s its Y M } - 242 Ml -
(470 shug/f)| (53048 m)*(1 slug)

1-3. Represent each of the following quantities in the

*1-4. Represent each of the following combinations of
units in the correct SI form using an appropriate prefix:
(20 m/ms, (b) pkm, (c) ks/mg, and (d) km - uN.

. 0.000431 kg = 0.000431( 10°) g=0.431 Ans
correct SI form using an appropriate prefix: (a) 0.000431 kg, 2 g (10) g
b) 35.3(10°) N, (c) 0.00532 km.
)33 R b) 353(10°) N=353kN Ans
c) 0.00532km =0.00532(10’) m=532m Ans
m (10)* m - Ans
@ m/ms = (—-—(10).3 s) = (_s ) km/s

! A
© pkm=(10y°(10)° m= (10 m=mm m

0y s \_(aoy s)_ Gs/kg Ans
(c) ks/mg = (——_(10)" ks) = (__ks

@ K- uN =[10)° m][10)° N] =(10)° mN =mmN  Ans

1.5, [Ifacaristraveling at 55 mi/h, determine its speed
in.kilometers per hour and meters per second.

55 mi/h = (Si_:n')(szso ft)(o.m m)( | km )

Tm i N\iooom
= 88.5 km/h Ans
88.5km\/1000mY/ 1h
(e
8.5 (lh Tim N36005) = 246m/s  Ans

1-6. Evaluate each of the following and express with an

appropriate prefix: (a) (430kg)? (b) (0.002 mg)? and
(c) (230m)*.

(a) (430 kg)* = 0.185(10°) kg’ = 0.185 Mg’ Ans
®  (0002mg? = [2107) g]' = 4ug’ Ans
© (230 m)* = [023(10°) m]’ = 0.0122 kaw’ Ans

1-7. A rocket has a mass of 250(10%) slugs on earth.
Specify (a) its mass in-SI units, and (b) its weight in SI
units. If the rocket is on the moon, where the acceleration
due to gravity is g, = 5.30 ft/s?, determine to three
significant figures (c) its weight in SI units, and (d) its
mass in Sl units.

Using Table 1 - 2 and applying Eg. 1 - 3, we have

2) 250(10°) siugs =[250(10%) "“35](“i5s913:sk8)

=3.64845(10°) kg

=3.65Gg Ans
b) W, = mg =[3.64845(10°) ke ](9.81 mss*)
=35.791(10°) kg- m/s®
=358 MN Ans

0 W, =meg,, =[250(10°) slugs](5.30 fus’)
4.4482 N)

=[1325(10%) lb](—Tlr

=5.894(10°) N =589 MN Ans
Or
8\ _ 5.30 fus? = 589 MN
W = W’(T) = (35791 MN) (32.2 fst
d) Since the mass is independent of its location, then
Ans

m,, =m, =3.65(10%) kg=3.65Gg




*1-8. Represent each of the following combinations of
units in the correct SI form: (a) kN/us, (b) Mg/mN, and
(c) MN/(kg - ms).

1-9. The pascal (Pa) is actually a very small unit of
pressure. To show this, convert 1 Pa = 1 N/m? to Ib/f2,
Atmospheric pressure at sea level is 14.7 Ib/in?,
How many pascals is this?

1-10. What is the weight in newtons of an object that
has a mass of: (a) 10 kg, (b) 0.5 g, (c) 4.50 Mg? Express

the result to three significant figures. Use an appropriate
prefix.

1-11.  Evaluate each of the following to three significant
figures and express each answer in S| units using an
appropriate prefix: (a) 354 mg(45 km)/(0.035 6 kN),
(b) (.004 53 Mg)(201 ms), (c) 435 MN/23.2 mm.

(8 kN/us = 10°N/(10%s = GN/s Ans
(b) Mg/mN = 10°g/10°N = Gg/N Ans
© MN/(kg-ms) = 10°N/kg(107>s) = GN/(kg-s) Ans
Using Table 1-2, we have
IN/ 11b  1(0.3048% m? 3 2
= — | || ———— |=209(107) /¢ A
tha= o (4.443214)( 1@ ] 209(107%) e
| AaTM= 147 lb(4.4482 N ) 144 in? 12
T ing 11b 112 )0 0.3048 m?
=101.3(10°) N/m?
= 101 kPa Ans
@ W=(9.81m/s?)(10kg) = 98.IN Ans
() W=(9.81m/s?)(0.5g)(10™ kg/g) = 4.90mN Ans
© W= (9.81m/s?)(4.5Mg)(10° kg/Mg) = 44.1 kN Ans
-3
2) (354 mg) (45 km) 10,0356 kN = (35410 g][45(10°) m]
0.0356(10%) N
_ 0.447(10°) g-m
N
=0.447kg-m/N Ans

b) (0.00453 Mg) (201 ms) =[4.53(10) ( 10°) kg][201(107") ]

=0911kg-s Ans
435(10°) N 18.75(10°) N
435 MN/23.2 mm = - -
© 43 3.2 mm 232(10) m o 188GN/m Ans
175 b ft 374.4482 N
* @ 175 1o/t¢ =( g )(0.3048 m) ( ) )
1-12, anvert each of the following and express the =(27.5 10y’ N)___ 7.5 KN/ Ans
answe; using an appropriate prefix: (@) 1751b/£83 to o
kN/m’, (b) 6 ft/h to mm/s, and (c) 8351b- ft to kN~ m. oA 1
® srvn=(7) (> )5003)
=0.508(10)"* m/s = 0.508 mm/s Ans
4.4482 N\(0.3048 m
(c) 8351b-ft=(8351b- ft)(T)(T)
=1.13(10 N-m=1.13kN-m Ans




1-13. Convert each of the following to three significant
figures. (a) 20 Ib - ft to N - m, (b) 450 Ib/ft* to kN/m?, and
(c) 15 ft/h to mm/s.

Using Table 1-2, we have

a) 201b-fr=(20 |b.ﬁ)(4'4;‘f: N)(0-3048 m)

Ift
=27.1N-m

b) 450 n:/n’:(@)(i«sz N)( 1kN )
fe 1b 1000 N

Ans

1f?
0.3048° o3

=70.7 kN/m® Ans

o) 15 fuh= (%)(M)(ﬂ.) = 1.27 mm/s

TR )\36005 Ans

1-14. If an object has a mass of 40 slugs, determine its
mass in kilograms.

40 slugs (14.5938 kg/slug) = 584 kg Ans

1-15. Water has a density of 1.94 slug/ft’. What is the
density expressed in SI units? Express the answer to three
significant figures.

Using Table 1-2, we have

_(l.94 slug (l4,5938 kg) 10
=" ) Tsiig 03048 m>

=999.8 kg/m’ = 1.00 Mg/m’

*1-16. Two particles have a mass of 8 kg and 12 kg,
respectively. If they are 800 mm apart, determine the force
of gravity acting between them. Compare this result with
the weight of each particle.

F=cl™
r2

Where G = 6.673(107"") m®/(kg-s?)

8(12)

-11
F = 6.673(10 )[(0.8)2

] = 10.0(10°) N = 10.0 nN

W, = 8(9.81) = 785N

w, 12(9.81) = 118 N

1-17. Determine the mass Of an object that
has a weight of (a) 20 mN, (b) 150 kN, (c) 60 MN. Express
the answer to three significant figures.

Applying Eq.1-3, we have

W 20(107%) kg-m/s?

—_—_———— =204
) m= 8 9.81 m/s? g
W 150(10°) kg-m/s?

= —= =15.3M
b m=- 9.81 mis? .

W 60(10°) kg- m/s?
C) m=?=-—-———-—-—

=6.12Gg Ans

9.81 m/s?




. . (a) m = — = 48] slug Ans
1-18. If a man weighs 155 Ib on earth, specify (a) his 322
mass in slugs, (b) his mass in kilograms, and (c) his
weight in newtons. If the man is on the moon, where 145938 kg
the acceleration due to gravity is g, = 5.30 ft/s?, (b) m = 155[——.32.2 J =702 kg Ans
determine (d) his weight in pounds, and (e) his mass in
kilograms. © W = 155 (4.4482) = 689 N Ans
5.30
= — | = 25, Ans
(d) w ]55[32.2] 2551b
= o[ 145938 kg
(e) m = ISS[T] = 70.2 kg Ans
Also,
_ 145938 kg _
m = 25.5[7] = 70.2 kg Ans
1-19.  Using the base units of the SI system, show that Using Eq.1-2.
Eq. 1-2 is a dimensionally homogeneous equation which m m,
gives F in newtons. Determine to three significant figures F= GT
the gravitational force acting between two spheres that m® \rkg-kg) kg-m
are touching each other. The mass of each sphere is 200 kg N =(m)(—m7)= - (QED)
and the radius is 300 mm.
F=cT™
rt
- 200(200)
=66.73( 107"
Sl
=741(10"°) N=7.41uN Ans
*1-20. Evaluate each of the followin ignifi
) g to three significant (a) 0.631 Mm/(8.60 kg)? -(°~631“°‘) m)_8532m
figures and' €Xpress each answer in SI units using G0 WJ=T
an approprlzate pre{ix: (a) (0.631 Mm)/(8.60 kg)?,
(b) (35 mm)?(48 kg)*, =8.53(10°)m/kg} = 8.53 km/kg? A
() (35 mm)z(48 kg)’ =[35(]0") m]z“s ks)] =135 mzk‘) Ans




2-1. Determine the magnitude of the resultant force

Fr = F; + F;andits direction, measured counterclockwise
from the positive x axis.

F = {/(600)2 + (800)Z — 2(600)(800)cos75° = 866.91 = 867 N

Ans
y
86691 _ 800
sin75°  sin6
F, =800N F =600N
6 = 63.05°

¢ = 6305° + 45° = 108° Ans

. F,=80N
2-2. Determine the n}agnitude of the resultant force if: F,=100N 60° 2
(a) Fr=F, + Fy; (b) Fg=F, - F,.

Fe
f
100N goN
Parallelogram Law : The parallelogram law of addition is shown in
()

o

Fig. (a) and (c).

)

‘oo oN looN
a) K = /1002 + 802 — 2(100) (80) cos 75° ooN 34/%\_
=11IN Ans & A
S 4
b) R’ = {1002 + 802 -2(100) (80) cos 105° gou
Ans (e

Trigonometry : Using law of cosines [Fig. (b) and (d)], we have

=143 N

()

2-3. Determine the magnitude of the resultant force

Fr = F; 4 Fandits direction, measured counterclockwise
from the positive x axis.

Fy=2501b

B = /(250 + (375)7 = 2(250)(375) cos75° = 3932 = 393 1p Ans

393.2 250

sin75° SE

6 = 37.89°

¢ = 360° - 45° + 37.89° = 353° Ans

F=3754

Fp=3751b

*2.4, Determine the magnitude of the resuitant force
Fy = F, + F, and its direction, measured clockwise from
the positive u axis.

B = Y(300)% + (500)% — 2(300)(500)c0s95° = 605.1 = 605 N

605.1 500

$in95°  sin@

6 = 55.40°

¢ = 55.40° + 30°=85.4°




2-5. Resolve the force F; into components acting along

the u and v axes and determine the magnitudes of the BF% = 300
components. in40° "~ sin 1100
Fo=20sN 4.0 u
1’
fi= 300N
Lo _300 v
8$in30°  gin 110°
A, = 160N Ans
2-6. Resolve the force F, into components acting along
the u and v axes and determine the magnitudes of the
components.
Bu _ 500

$ind5° ~ sin 70°
B, =376 N Ans

B, 500

sin65° ~ sin 70°

B, =482 N Ans

2.7. The plate is subjected to the two forces at A and B
as shown. If 6 = 60°, determine the magnitude of the
resultant of these two forces and its direction measured
from the horizontal.

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

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

F = /82 +62-2(8)(6)cos 100°
=10.80 kN = 10.8 kN Ans

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

sin @ _ sin 100°

6 10.80
sin 6 = 0.5470
6 =33.16°
Thus, the direction ¢_of Fp measured from the x axis is

¢ =33.16°-30° = 3.16°




Fy=8kN
*2-8. Determine the angle 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.

Fy=6kN

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

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

sin (90°=6) _ sin 50°
6 T
sin (90° = 0) = 0.5745

6 =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

B = /82462 -2(8)(6)cos 94.93°
=104 kN Ans

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.

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

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

Fa__ 500
sin60° sin75°

Fiy =448 N Ans
B _ 500

sin 45°  sin 75°

Fc=366N Ans




2-10. Solve Prob. 2-9 with F = 350 Ib.

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

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

Fap 350

sin60°  sin75°

Fap=3141b Ans

Fac 350

sin45° ~ sin75°

Fac =2561b Ans

350 1b

2-11. The force acting on the gear tooth is F = 20 Ib.
Resolve this force into two components acting along the
lines aa and bb.

20 F,

B
_— -, = 30. t
Snd0° — Sing0° F, =30.61b Ans

20 Fb
_— =2 = 26.
Gnd0s = smep  [r=2691b Ans

¥2-12. The component of force F acting along line aa
is require to be 30 Ib. Determine the magnitude of F and
its component along line bb.

0 . o6 A
Sin80°  sind0° =" ns
30 F

= R F,=2641b Ans
sin 60° b ns

sin 80°




2-13. The 500-Ib force acting on the frame is to be
resolved into two components acting along the axis of the
struts AB and AC. If the component of force along AC
is required to be 300 Ib, directed from A to C, determine
the magnitude of force acting along AB and the angle ¢
of the 500-Ib force.

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

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

sing  sin75°

300 500
sing = 0.5796
§ = 35.42° Ans

Thus,
45° 46 +75° + 35.42° = 180°

6 =24.58° = 24.6°

Fag 500

$in(45° +24.58°)  sin75°

Fag =4851b Ans

F=5001b

2-14. The post is to be pulled out of the ground using
two ropes A and B. Rope A is subjected to a force of
600 Ib and is directed at 60° from the horizontal. If the
resultant force acting on the post is to be 1200 b, verti-
cally upward, determine the force T in rope B and the
corresponding angle 6.

T = /(600)? 4 (1200)% — 2(600)(1200) cos 30°
T =743.59 b = 744 b Ans

sinf _ sin30°

= f = 23.8° .
w0 ~ 735 =88 Ans

600 1b




2-15. Determine the design angle 6 (0°< 6 < 90°) for
strut AB so that the 400-b horizontal force has a.
component of 500-1b directed from A towards C. What is
the component of force acting along member A B? Take
¢ = 40°.

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

Trigonometry : Using law of sines [Fig. (b)], we have
sin & sin 40°

500 400
sin 6 = 0.8035

6 = 53.46° = 53.5° Ans
Thus, ¢ = 180°-40° - 53.46° = 86.54°
Using law of sines [Fig. (b)]

)
sin 86.54°

_ 400
" sin 40°

Ey=6211b Ans

*2-16. Determine the design angle ¢ (0°< ¢ < 90°)
between struts AB and AC so that the 400-1b horizontal
force has a component of 600-1b which acts up to the left,
in the same direction as from B towards A. Take 6 = 30°.

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

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

F, ¢ = y/4002 + 6002 — 2(400) (600) cos 30° = 322.97 Ib
Theangle ¢ can be determined using law of sines[Fig. (b)].
sin ¢ - sin 30°
400 322.97
sin ¢ = 0.6193

¢ =38.3°




2-17. The chisel exerts a force of 20 Ib on the wood
dowel rod which is turning in a lathe. Resolve this force
into components acting (a) along the n and y axes and (b)
along the x and r axes.

( F, 20
) —— = —
) Sind5 T sin60°
F,=1631b Ans
-F, 20
§in75°  sin60°
F,=-2231b Ans
F 20
by —t =
® 5 T Eei
F,=5981b Ans
F__2
sind5°  sin 120°
F,=1631b Ans

2-18. Two forces are applied at the end of a screw eye
in order to remove the post. Determine the angle 6(0° <
6 < 90°) and the magnitude of force F so that the resultant
force acting on the post is directed vertically upward and

500 N )
has a magnitude of 750 N. g

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
sing = 0.750

¢ = 131.41° (By observation, ¢ > 80°)

Thus,

o = 180° — 30° — 131.41° = 18.59° = 18.6°

F 500
sin 18.59°  sin30°

F=319N

Ans

Ans




219. IfF=F=30lb determine th

»d e angles 6 and
so ti_iat the resultant force is directed alonggthe positivt
X axis and has a magnitude of Fr=2010b.

20 _ 30
sing Sm“e
Y 3oy, *
¢=0 >
Fz 6 M ou
(30)* = (30)2 : ~
*(20)% ~ ¢ 30)(20) cos @ \:\)30“
9 =6=17s0 Ans

*2-20. The truck is to be towed using two ropes.
Determine the magnitude of forces F,4 and Fp acting on
each rope in order to develop a resultant force of 950 N
directed along the positive x axis. Set 6 = 50°.

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

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

F 950
sin 50°  sin 110°

F, =774N Ans
B N5
R 950
sin20°  sin 110° G507

R, =346N Ans (b




2-21. 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 ¥4 and Fj
acting on each rope and the angle of 6 of Fj, so that the

magnitude of Fy is a minimum. F , acts at 20° from the x
axis as shown.

Parallelogram Law : In order to produce a minimum force Fy, Fy has

1o act perpendicular to F, .The parallelogram law of addition is shown in
Fig.(a).

Trigonometry : Fig.(b).

Fy =950sin 20° = 325 N Ans
F, =950cos 20° =893 N Ans
The angle 6 is
6 =90°~20° = 70.0° Ans

950N
(b)

o

222. Determine the magnitude and

resultant F = Fi+F,+F

: 3 3 of the thr
finding the resultant F'=F
Fr=F +F,

direction of the
ee forces by first
+ F, and then forming

F = {/(20)2 + (30)% = 2(20)(30) cos73.13° = 30.85 N

30.85

30

sin73.13° _ sin(70° - 8)°

sin1.47°  sin@

19.18 30.85.

’

13

Ans

F = /(30.8572 + (50)2 — 2(30.85)(50) cos1.47° = 19.18 = 192 N




2-23. Determine the magnitude and direction of the
resultant Fg = F; + F, + F; of the three forces by first
finding the resultant F' = F, + F; and then forming

FR = F' + Fl'
y F' = /(2007 + (50)2 = 2(20)(50) cos70° = 47.07 N
F=30N :
| 20 4707 6 = 23.53°
"\ sing  sin70°’ -
4 F3=50N
x F = /(47.07)2 + (30)2 — 2(47.07)(30) cos13.34° = 19.18 = 192 N Ans
4 A0%-23.53°-(90%34.37°)
. 20° 1918 _ 30 ¢ = 21.15° R
— sin1334°  sing’ o
Fa
Fy=20N 6= 2353° - 21.15° = 237° <  Ans F'= 47.07N
*
al2—24. Resolve the 50-1b force into components acting
ong (a) the x and Y axes, and (b) the x and y' axes.
50l
(@ FE, = 50 cos45° = 354 1b Ans '
4 45°,
s ~ F‘
E = 50sin45° = 354 1b Ans

S01b f

E 50

®) sin15°  sin120°

E =1491b Ans

E- 50 130°
sin45°  sin120°

E- = 4081b




2-25. 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 have a
magnitude Fg = 10 kN and be directed along the x axis.
Set 8 = 15°.

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

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

Fa 10
sin15°  sin 135°

Fp =366 kN Ans

Fs 10
sin30°  sin135°

Fp=707kN Ans

2-26. If the resultant Fp of the two forces acting on
the log is to be directed along the positive x axis and
have a magnitude of 10 kN, determine the angle 6 of the
cable, attached to B such that the force Fj in this cable
is minimum. What is the magnitude of the force in each
cable for this situation?

Parallelogram Law: In order to produce a minimum force Fp. Fy has
to act perpendicular to F 4. The parallelogram law of addition is shown
in Fig. (a).

Trigonometry: Fig. (b).

Fy = 10sin30° = 500 KN Ans

I

Fai = 10c0s30° = R.66 KN Ans Fp 10kN

(a) (b
The angle 6 is

0 =90° — 30° = 60.0° Ans




2-27. 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 9 = 45°,

1 600
m'm. Fi=439N Ans

toon
7] 600
@l e AN Am g A
/

the y axis as shown,

For minimuym £}, require

0=60° Apg

5-600coa30°=szon Ans

F2 = 600 sin 30° = 300 N Ans

16



2-29. Three chains act on the bracket such that they
create a resultant force having a magnitude of 500 Ib. If
two of the chains are subjected to known forces, as shown,
determine the orientation 6 of the third chain, measured
clockwise from the positive x axis, so that the magnitude
of force F in this chain is a minimum. All forces lie in the
x~y plane. What is the magnitude of F? Hint: First find
the resultant of the two known forces. Force F acts in this
direction.

Cosine law :

Fry = /3002 + 2002 - 2(300)(200)cos60° = 264.6 Ib
Sine law :

sin(30°+6)  sin60°
_zoo"'szlsz 6=10.9° Ans

When F is directed along Fp, » F will be minimum to create the resultant force,

Fa=Fp+F
500 = 264.6+ F,,,,
Faia =235 Ans

2-30. Three cables pull on the pipe such that they create
a resultant force having a magnitude of 900 Ib. If two of
the cables are subjected to known forces, as shown in the
figure, determine the direction 6 of the third cable so that
the magnitude of force F in this cable is a minimum. All
forces lie in the x—y plane. What is the magnitude of F?
Hint: First find the resultant of the two known forces.

F' = y/(6007 + (400) - 2(600)(400) cos 105° = 802.64 1b

F =900 - 80264 = 974 1b Ans

sing _ sin 105°
600 802.64 '

¢ = 46.22°

€ =46.22° - 30° = 162° Ans

17



2-31. Determine the x and y components of the 800-1b

F, = 800sind0° = 514 Ib Ans
= —800c0s40° = —6131b  Ans Fty
F.
]

force.

N

*2-32. Determine the magnitude of the resultant force
and its direction, measured clockwise from the positive

X axis.

Fp, = 70 + 50c0s30° — 65c0s45° = 67.34 N

1+

Pl
L}
™M
ol

+T1';y =ZF; K = -50sin30° - 65sind5° = -70.96 N

50N
Fr = {(67.34)2 + (-70.96)2 = 97.8 N

70.96
6 = tan”' ——
67.34

= 46.5°




2-33. Determine the magnitude of force F so that the
resultant F of the three forces is as small as possible.

‘<

20kN

X

Scalar Notation : Suming the force components algebraically, we have

. 4
SHR=IE; F = 20(3)-&0; as°
= 160-0.7071F —

3
+T R =E; kR =20(§)-12+Fsin 45°
=0.7071F T

The magnitude of the resultant force Fp is

b= B+
=Y(16.0-0.70715 +(0.7071F)?

= /F?=22.63F+ 256 m

R = F*-22.63F+256

L]
2/t =2F-202,
By =2F-2263 (21

d&*F, dF, dF,
R—+—=x2|=
(’dﬂ+dedFJ

In order to obtain the minimum resultant force Fp, i—F; = 0. From Eq.[2)

dF,

L3 = -

F=1131kN=113kN Ans

Substitute F= 11.31 kN inwo Eq.(1], we have

R =y11312-22.63(11.31) + 256 = V128 kN

dF,
Substitute £, = y/128 kN with d—; =0 inw Eq.[3], we have

K
(J 28—+ o) =1

L
— =0.0884>0
i 0.0884 >

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




2-34. Determine the magnitude of the resultant force

and its direction, measured counterclockwise from the .
. + A _4 _ . o . oe _ ‘

positive x axis. -Fk =XF; F = S(850) 625 sin 30° ~ 750 sin4s 162.8 N

+ TI-'R =ZIF; 1';, = —§(850) — 625c0s30° + 750c0s45° = —520.9 N
F=750N '

Fp = ¥(-162.8) + (-5209)Z = 546 N  Ans

-520.9
- =1 —7 = .64°
¢ = tan [—162.8] 72.64
X
6 = 180° + 72.64° = 253° Ans
F, =625N F, =850N

2-35. ‘Three forces act on the bracket. Determine the 5E, = ZF,; 1000 cos30° = 200 + 450 C0s45° + F, cos(8 + 30°)
magnitude and direction 9 of F, so that the resultant force
is directed along the positive x’ axis and has a magnitude +TER, =XE;.  ~1000 sin30° = 450 sin45° — £ sin(6 + 30°)
of 1 kN.

£ sin(@ + 30°) = 818.198

£ cos(8 + 30° = 347.827

6 + 30° = 66.97°, 6 = 37.0° Ans
F=450N
F = 889N Ans
F3=200N
- X
F 1
*2-36. If F,=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.
SR, = 3F,; Fex = 300 0s50° + 200 + 450 cosds® = 711.03 N
y

+TR, = IE; Fy =-300sin50° + 450 sinds® = ggag N

4 R = v (711.03)2 + (88.38)2 = 717 N Ans
3 # (angie 5 ) = m“[ 88‘38]
f =200§ angle from x axis) = 71103
iyl
Y "= 1710
o $ =7
x' ¢ (angle from x’ axis) = 30° + 7.10°

¢ =371° Ans




2-37. Determine the magnit
that the resultant force is dir
has a magnitude of 800 N,

ude and direction 6 of F, so
ected vertically upward and

Scalar Notation : Suming the force components algebraically,

we have
+ 4
- K =XIF; £, =0=F sin 6+400cos 30"—600(3)
Fsin 8= 1336 §)]
+T F;’ =ZIF;

F, =800 = F, cos a+4oo;m30°+soo(3)

5
Ficos 6=240 (2]

Solving Eq.[1] and (2] yields

6=291° R =2715N Ans




2-38. 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; =
500 N and 6 = 20°.

Scalar Notation : S

ing the force comp algebraically, we have

= R, =IF: F, = S00sin 20°+ 400cos 30‘-6(!)(;)

=3742N -
+7 K, =IF; R =500cos 20°+ 400sin 30°+600(§)
=10298N T

The magnitude of the resull force Fy is

fo= VR AR = /T4 1098 = 10305 N = 1.03kN  Ans

The directional angle @ measured counterclockwise from positive x axis is

K
8=wn'R =m"(@)=s7.9° Ans
7 e VIS
2-39, Express Fyand F, as Cartesian vectors,
F = =30sin 30°; =30 cos
30°§
F=26 kN N

= {~150i - 260} kN Ans

5
B a3 12
13(2(5)] #—13(25)1

= {-100i + 24.05} kN

"N



*2-40. Determine the magnitude of the resultant force
and its direction measured counterclockwise from the

positive x axis.

*
Fe = 2F; Ry = ~3om30°-%(26>=-25m

+Thy = I, Fy = -30c0530°+g(26)= ~1.981 kN

2skN

Fa = V/-257 + (“1981) = 25.1kN  Ane R 9% kn
-1(1981
¢=tn ‘(—) 4.53°
) =4
6 = 180° + 453° = IRS°  Ana
y
F, =600N

5 Ry = IE;

+ Tﬁ?y = XF;
= {(824.264)7 + (—268.556)2 = 86691 = 867 N

=t

= 180° - 71.95° = 108°

2-41. Solve Prob. 2-1 by summing the rectangular or
x, y components of the forces to obtain the resultant force.

Fp, = 600c0s45° — 800sin60° = —268.556 N

F, = 600sin45° + 800cos60° = 824.264N

F, =800N




2-42. Solve Prob. 2-22 by summing the rectangular or
x, y components of the forces to obtain the resultant force.

4 : 404
, = -30(=) - 20(sin20°) = —30.8
F'=F, +§, = 30(5) 20(si

3 ) = — 5
R =) - 20°) = —-0.7938
E' =K, + B, 30(5) 20(c0s20°)
F, = E'+ F, = —30.8404 + 50 = 19.1596
e = B2 x

, = -0.79385
Ry, = E’ +F, = —0.79385 + 0

F = /(19.1596)2 + (-0.79385)2 = 192N Ans
—0.79385 o _ ° Ans
1 Ty = -23726° = 237° <
6 = an (157556 )

2-43. Determine the magnitude and orientation 8 of Fy
so that the resultant force is directed along the positive
¥ axis and has a magnitude of 1500 N.

Scalar Notation : Suming the force components algebraiqny.

we have
SR =IE; 0 = 700sin 30° - £ cos 6
Fycos 6 =350 (1
+T R =XE; 1500 =700cos 30°+ Fysin 6
Fysin 6 = 893.8 (2]
Solving Eq.[1] and (2] yields

6=68.6° F =960N Ans

v




2-42. Solve Prob. 2-22 by summing the rectangular or x,
y components of the forces to obtain the resultant force.

4
F| = Fi + Fy = =30 (3) — 20(5in 20°) = —30.8404

1
Fi=Fy+ Fy= 30(';) — 20(c0s 20°) = —0.79385

Fie = F! + Fa, = ~30.8404 4 50 = 19.1596

Fry=F, + F3, = -0.79385 + 0 = —0.79385

Fr = /(19.1596)2 + (—0.79385)° = 19.2 N Ans

~0.79385 . .
6 =tan"! (-S-%) =-23726" =237 Q6  Ans

Fy=20N

2-43. Determine the magnitude and orientation 6 of Fp
so that the resultant force is directed along the positive ¥
axis and has a magnitude of 1500 N.

FA=700N

Scalar Notation: Summing the force components algebraically, we
have

B Fp, =TF: 0=700sin30° — Fycos
Fgcost) =350 13
+ 4 Fg, =XF,; 1500 = 700c0s 30° + Fpsin0
Fpsind = 893.8 12}
Solving Eq. [1] and |2] yields

8 = 68.6" Fy =960 NAns

]
F, /
FE _-_‘B_\' / |
AN ]_1(3, |
N, / i
|
Foi ¢ 9{;\ X ~1FAA
it
v
Fe=1500N

~SE



2-44. Determine the magnitude and orientation,
measured counterclockwise from the positive y axis, of
the resultant force acting on the bracket, if Fy = 600 N
and 6 = 20°.

Scalar Notation : Suming the force components algebraically, we have

S Ry, =IE. £, =700sin 30° - 600cos 20°
=-213.8N=2138N

+T R =XE. F =700cos 30° +600sin 20°
=8114N T

The magnitude of the resultant force F, is

FR=R +I';}'=/213.81+811.41=839N Ans

The directional angle 8 measured counterclockwise from positive y axis is

7 213.8
e:m"ﬁam"(—)g 4. Ans
R, TTY

2-45. Determine the x and y components of F; and F,,
y

Fx = 200sin4s° = 141 N

F, = 200cos45°

141N

F =
1=200N Bs = -150c0s30° = —139 N

By = 150sin30° = 75 N

~e



2-46. Determine the magnitude of the resultant force
and its direction, measured counterclockwise from the
positive x axis. ‘

= 150c0530° + 200sin45° = 11.518 N

#y = EEi By = 150sin30° + 200c0s45° = 216421

B = {/(11.518)2 + (216.421)2 =

= 217N Ans
_1,216.421
0 = tan (22250 _
isg) = 87.0° Ans
F, = -2001b Ans

2-47. Determine the x and y components of each force
acting on the gusset plate of the bridge truss. Show that R, =0 Ans
the resultant force is zero.

B, = 400(2) =3201b Ans

3
E, = _4()0(3) = -2401b  Ans

B, = 300(2) = 180 Ib Ans
4
F, = 3oo(§) = 240 Ib Ans
F, = —3001b Ans
F3=3001b
F, =0 Ans

Fpe = Fy + B, + B, + K,

=
z
1

—200 + 320 + 180 — 300 = 0

Fy =R, +E, + K, + L,

By =0-240+240+0=0

Thus, KR =0

*248. If 6 =60° and F = 20kN, determine the

. . . . + 4 1 o
magnitude of the resultant force and its direction Shy = IF, Ry = 50(3) + -‘/—5(40) = 20 cos60° = 58.28 kN
measured clockwise from the positive x axis.
1
Y +TR, =35, &K, = 50(2) — —(40) — 20 sin60° = —15.60 kN
50kN ﬁ

F, = /(58.28)2 + (-15.60)2 = 60.3 kN Ans

_\[15.60
58.28

] = 15.0° Ans

27



2-49. Determine the magnitude and direction 8 of F4s0
that the resultant force is directed along the positive x
axis and has a magnitude of 1250 N.

5E, = 3F,; F, =F, sin6 + 800 cos30° = 1250
+TFK, = IE; Fy =F, cos® - 800sin30°= 0

6 =543° Ans

F, = 686N Ans

~

2-50. Determine the magnitude and direction,
measured counterclockwise from the positive x axis, of
the resultant force acting on the ring at O, if Fis=750N
and 6 = 45°,

Scalar Notation : Suming the force components algebraically, we have

5 B, =IF; F, =750sin 45°+800cos 30°
=1223.15SN -

+T R =ZXF; F;, = 750cos 45° - 800sin 30°
=13033N T

The magnitude of the resul force Fy is

G =R+E
=¢1223.152+130.332 = 1230N = 1.23 kN Ans

The directional angle 6 measured counterclockwise from positive x axis is

g o 130.33
—Z =an" | —— .08° A
R ™ (123.15)3608 -




2-5L. Express each of the three forces acting on the
column in Cartesian vector form and compute the
lrl

magnitude of the resultant force.

3 4
150(2)i — 150(~
50(2)i 150(5)4

.
]

{90i ~ 1205} 1b Ans

sl
[

= {-2755} Ib Ans

F; = -75 cos60° -75 sin60°j

o
I

{-37.5i - 65.0§} Ib Ans

F, =XF= {52.5i - 460j} 1b

Fr = ¥(52.5)2 + (460)2 = 463 Ip Ans

*2-52. The three concurrent forces acting on the screw
eye produce a resultant force Fx = 0. If F, = §F1 and
F, is to be 90° from F, as shown, determine the required
magnitude of F; expressed in terms of F; and the

angle 6.

Cartesian Vector Notation :

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

2 2
F = Eﬁcos 30°i-§F,sm 300§
=0.5774F i -0.3333F j

F;, =-Fsin 6i - F cos 6j

Resultant Force :
Fp=0=F, +F, +F,

0 = (0.50F, +0.5774F, - ;sin 6)i
+(0.8660F, ~0.3333F, - K cos 6) j

Equating i and j components, we have

0.50F, +0.5774F, - F;sin 8= 0 m

0.8660F, ~0.3333F, - Fcos 6=0 (21

Solving Eq. (1] and [2] yields

6=637° F =120F, Ans




2-53. Determine the magnitude of force F so that the
resultgnt Fr of the three forces is as small as possible.
What is the minimum magnitude of Fgp?

SkN

Scalar Notation : Suming the force components algebraically, we have

-

oA

=ZIF,; I';.=5-Fsin30°
=5-050F —

+T R =ZF: F =Fcos30°-4
=0.8660F-4 T

The magnitude of the Itant force Fy is t

= {(5-0.50F )* +(0.8660F - 4)°

= /PR -11.93F+41 (n
B =F -1193F+41
dF,
2F—2 =2F-11.93 (2]
dF "
&*F, dF, dF,
Rt e B Y P & _
dF? ' dF  dF N — n
dF,
In order to obtain the minimurm resultant force Fy, 7}=°‘ From Eq.{2) A |
\ »— x
dF, Tax
2R, 2R ZoF-1193=
R = 2F-1193=0
F=5964 kN =596 kN Ans

Substituting F = 5.964 kN into Eq.[1], we have

Fp = /5.9642 - 11.93(5.964) + 41
=2.330kN =2.33kN Ans

dF,
Substitting F; = 2.330 kN with ﬁf; =0 into Eq.(3], we have

d*F,
[(2.330) -t o] =1

&K,

=04
T 0.429>0

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




2-54. Express each of the three forces acting on the
bracket in Cartesian vector form with respect to the x and
¥ axes. Determine the magnitude and direction 6 of F; so

that the resultant force is directed along the positive x' Fi = {F cos0l + K smo)} N Ans
axis and has a magnitude of Fg = 600 N. F, = {350i} N Ans
F, = {-100j} N Ans

Require,

Fr = 600 cos30°i + 600 sin30° j

Fp = {519.6i + 300§} N

Fp = IF

Equating the i and j components yields :
519.6 = F cos@ + 350

F, cos® = 169.6

300 = F sin 6 - 100

R

1-; = —
cos(116.57° — 90°)

[

F, L12F Ans

F sin@ = 400
6= !an"[ 207 < 6700
169.6] = o Ans
R = 434N Ans
2-55. The three concurrent forces acting on the post
produce a resultant force Fg = 0. If Fz‘ =35F, and l_", is
to be 90° from F, as shown, determine the required
magnitude F; expressed in terms of F; and the angle 6.
y
IR, = 0; K cos(9 - 90°) = R
3 Y
IR, =0 F, sin(6 - 90°) = F, \
E . Fa Pt
6-90°) = 2 = =
tan( E =3
F1 Fs
0 — 90° = 26.57°
6 = 116.57° = 117° Ans




*2-56. Three forces act on the bracket. Determine the
magnitude and orientation @ of F, so that the resultant

force is directed along the positive u axis and has a
magnitude of 50 Ib.

Scalar Notation : Suming the force components algebraically, we have

S B, =ZF; 50cos 25°=80+52(%)+[;c05 (25°+9)

Fcos (25°+6) = ~54.684 (1

+T R =XE;  _50sin2s0 =sz(g)-5sm (25°+9)
Esin (25°+6) = 69.131 (2)
Solving Eq.[1) and (2] yields

25°+6=12835° g= 103° Ans

=811

+ Fe=501b



*2-57. If F, = 150 Ib and @ = 55°, determine the
magnitude and orientation, measured clockwise from the
positive x axis, of the resultant force of the three forces
acting on the bracket.

Scalar Notation : Suming the force components algebraically, we have

SR =IF; F =so+52(li3)+150cos 80°
=126.051b -

12
+T R =XF; & =52(l—3)—150sin 80°

=-99.721b=99.721b {

The magnitude of the resultant force Fy, is

R= ‘/F;l‘ +I-}, =y 126.052+99.722 = 161 Ib Ans
The directional angle 6 d clockwise from positive x axis is
R 99.72
e=un"—"z--un"(—-—)=3s.3° Ans
R, 126.05

2-58. 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?

P =IF: Fa = 8- Fcosds® - 14.c08 30°
== 4.1244~ F cos 45°
+Th, =XF; FR, =-Fsin45°+143in30°
=7~F sin45°
F = (~4.1244 - F cos 45°)? + (7~ F sin 45°)} V)
2&.% = 2(~4.1244 - F cos 45°)(—cos 45°) +2(7 - F sin 45°)(~sin 45°) = 0
F=203kN Anms
FromEq. (1); Fp =7.87kN Ans
Also, from the figure require
(Fa);-=0=EF,.; F+l43in15°-8cos 45° =0
F=203kN Ans
(Fp)y - =LF,.; Fp=l4cos15°-8sinds*

R =7.87kN  Ans

e ¢ '3° F
Be ¢s°
TN
,’




2-59. 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.

F = 60|—50]#40k

Fi = /(607 + (-50) + (40P = 87.750 = 87.7N  Ans

R
(]

8

i
&
2
>
g

B = m"(é—_}’%) =125° - Ans

(i) e am

B = -40i-85j + 30k

R = {/(~40P + (=852 + (30¢ = 98.615 = 98.6N Ans
-1 i = o Ans
% = cos (98.615) =14

SETE ST

(i) e

[ 2% n "

née

1S0°

*2-60. The cable at the en
force of 250 Ib on the b
Cartesian vector.

d of the crane boom exerts a
oom as shown. Express F as a

Cartesian Vector Notation : With a = 30° and § = 70°, the third
coordinate direction angle ¥ can be determined using Eq.2 - 10,

cosza+cos’ﬁ+cos’7= 1
cos130°+cosz70°+cos’7= 1
cos y = +0.3647
Y =68.61° or 111.39°

By inspection, ¥ = 111.39° since the force F is directed in negative octant.

F = 250{cos 30% + cos 70°j+cos 111.39°} Ib

={217i+85.5j-91.2k} Ib Ans




2-61. Determine the magnitude and coordinate
direction angles of the force F acting on the stake.

dF_40, F=s0N
5

3
F = (40 cos70° + 40 sin70°j + g(SO)k)

Cartesian Vector Notation :
24 7
F =75{-—j+— ={~72.0j K
\ 5{ 25j+25k}lb {-72.0j+21.0k} Ib
F, =55{cos 30°cos 60° + cos 30°sin 60°j - sin 30°k} Ib
={23.82i +41.25j-27.5k} Ib
Resultant Force :
F,=F, +F,
= {23.82i+(-72.0+4l.25)j+(21.0-27.5)k} b
= {23.82i ~30.75j- 6.50k} Ib
The magnitude of the resultant force is

=23.820+(=30.75)2 4 (~6.50)*
=39431b=3941p Ans

The coordinate direction angles are

23.82
R 3943
R -30.75
- =
R

a=528° Ans

F = {13.7i +37.6j +30.0k } N Ans
F = {(13.68)2 + (37.59)2 + (30)2 = 50 N Ans
13.68 o
a= cos'l(?o—) = 74.1 Ans
37.59 A
= 2y = 41.3° ns
B = cos™( 0 )
1. 30 Ans
= (=) = 53.1°
Y cos (50)
2-62. Determine the magnitude and the coordinate
direction angles of the resultant force. 2z
751b

30°

551b




2-63. The stock S mounted on the lathe is subjected to

a force of 60 N, which is caused by the die D. Determine

the coordinate direction angle 8 and express the force as c0s?60° + cos? B + cos’30° = 1

a Cartesian vector.

B = 90° Ans

F = —-60(cos60% + €0s90°j + cos45°k)

F = {-30i - 52.0k } N Ans

]

*2-64. Determine the magnitude and coordinate F, = (80 cos30°cos40°i — 80cos30°5in40° + 80sin30°k)
direction angles of the resultant force and sketch this

vector on the coordinate system. Fi = {53.1i - 4455 + 40k } b

F, = {-130k } Ib
z
F, =F +F
F,=801b Fr ={53.1i - 44.5j —90.0k} Ib
Yy
B = /(5307 + (~443)2 + (=900)% = 114 1p Ans
= oot 33 i
F=1301b T 0% (5 = 621 Ans
1.2
1,445 u3°
B = cosT'(—=) = 113° Ans x
113.6
Fx
-90.0
= " (— = °
7= cosT () =142 Ans
2-65. Specify the coordinate direction angles of F; and
F; and express each force as a Cartesian vector. F, = (80 c0s30°c0s40° i — 80cos30°sind0°j + 80sin30°k)
F, = {53.1i — 44.5j + 40k } Ib Ans
z _1,53.1
= —) = 48.4°
a; = cos (80) 8 Ans
F,=801b Bi= cos' (23 _ o0 Ans
80
o y 4’0
30°} 7 = cos”i(—=) =60° Ans
40° 80
F,=1301b F, = {-130k} Ib Ans
x a = cos'l(i) = 90° A
130 ns
B,= cos'l(i) = 90° A
2 130 ns
7, = cos"(ﬂ)) =180° Ans

130




2-66. The mast js su.bjected to the three forces shown,

angles
Fi so that the resultant force acti gles @y, By, v of
0i} N.

F, = 500 cosa, i + 500cosB,j + 500 cosy, k
F, =F, + (-300j) +(—200k)

350i = 500 cosa,i + (500 cosfB, ~ 300)j + (500 cosy, - 200)k

350 = 500 cosa,; o, = 456° Ans
0 = 500cos 3, - 300; B, = 53.1° Ans
0 = 500cosy, — 200; Y = 66.4° Ans

2-67. The mast is subjected to the three forces shown.
Determine the coordinate direction angles oy, By, v; of
F; 50 that the resultant force acting on the mast is zero.

f F,=200N

F, = {500 cosa; i + 500cosB,j + S00 cosy, k} N

K = {-200k} N

F, = {-300j} N

Fp=F,+F +F =0
500cosc, = 0; a = 90° Ans
500cosB; = 300; B, = 53.1° Ans

500cosy, = 200; ¥, = 66.4°



*2-68. 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.

Cartesian Vector Notation :
F, =350(sin 40°% +cos 40°k} N

={224.98j+268.12k} N
= {225j+268k} N Ans

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

F, = 250{cos 60° +cos 135°j+cos 60°k} N
={125.0i - 176.78j+ 125.0k} N
={125i-177j+ 125k} N Ans

Resultant Force :
Fp=F, +F,+F
={(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
RVEIR IR,

= /195.712 + 98.202 + 343.12%
=407.03N=407N Ans

The coordinate direction angles are

cos a= h, 1571 a=61.3° A
"R 0703 =0k ns




7 24
= 630(z3) § - 630(=2)k
F = 630(0)) 0(z3)

2-69. The beam is subjected to the two forces shown.
Express each force in Cartesian vector form and
determine the magnitude and coordinate direction angles E
of the resultant force.

= (176.4 — 604.8k)

L]

= {176j — 605k } Ib Ans
F, = 250 cos60°f + 250 cos 135°j + 250 cos 60°k
F, = (125i - 176.777j + 125k)

F, = {1251 - 177 +125k } b Ans

F,=2501b B=F+F
60°

Fp = 125i — 0.3767j — 479.8k

F ={125i — 0.377j —480k} b Ans

F = /(1252 + (=03767)2 + (-479.8) = 495.82

X
= 496 Ib A
F=6301b ns
o, 125
= = 75.40 A
@ = cos(oems) = 154 ns
_ 1, 03767
B = o (gsgy) = %00 Ans
., —479.8 .
7= o (Ggsgy) <165 Ans
2-70. Determine the magnitude and coordinat'e
direction angles of the resultant force and sketch this
vector on the coordinate system.
Fp = F, + F
z Fp = 350c0s60° + 350c0860°j ~ 350cos45%k + 250(3) cos30° _250(:‘) §in30% + 250(3)'(
5 5
F,=250N Fp = {348.21i + 75.0f - 97.487k} N
B = /(34821)7 + (75.0)2 = (97.487)
= 369.29 = 369 N Ans
a= cos-l(348.21 1950
36929 = 195 Ans
= -1, 75.0 .
B = oo (35529) = 783 Ans
-1,=97.487
7 = cosTH(5=2) =105 Ans

369.29




. Cartesian Vector Notation :
2-71. The two forces F; and F, acting at A have a

resultant force of Fr = (-100k} Ib. Determine the Fp = {-100k} Ib

magnitude and coordinate direction angles of F,.

F, = 60{—cos 50°cos 30° +cos 50°sin 30°j - sin 50°k} Ib
= {-33.40i + 19.28j - 4596k} 1b

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

E,-3340=0 K =33.401b
E,+1928=0 £ =-19281b
E -4596=-100 K =-54041b

The magnitude of force F, is

ReVEE R
= y/33.402 + (~19.28) + (~54.04)°
=66.391b=66.41b Ans

The coordinate direction angles for F, are

F, 3340
- = =59.8° Ans
S R T %9 *
R -19.28
== =107° Ans
cos B2 =263 b
B, -54.04
=St = = 144° Ans
Y= E = 5639 r
*2-72. Determine the coordinate direction angles of the
force F and indicate them on the figure. z

Unit Vector For Foce F :

Ur, =—cos 50°cos 30° + cos 50°sin 30°j ~ sin S0°k
=-0.5567i +0.3214j - 0.7660k

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

cos a=-0.5567 a=124° Ans
cos f=0.3214 B=713° Ans
cos ¥ = -0.7660 7= 140° Ans




2-73. The bracket is subjected to the two forces shown.
Express each force in Cartesian vector form and then
determine the resultant force Fg. Find the magnitude and
coordinate direction angles of the resultant force.

Cartesian Vector Notation :

F, =250{cos 35°sin 25°% + cos 35°os 25°j-sin 35°k} N
= {86.55i + 185.60j - 143.39k} N
= {86.5i + 186j - 143k} N Ans

E; =400{cos 120° + cos 45°j+ cos 60°k} N
= {-200.0i + 282.84j + 200.0k} N
= {-200i + 283j+ 200k} N Ans

Resultant Force :
Fr=F +F,
= {(86.55 - 200.0)i + (185.60+ 282.84) j+ (—143.39+ 200.0) k }
= {-113.45i +468.44j+ 56.61k} N
= {~113i +468j+ 56.6k} N Ans
The magnitude of the resultant force is
B VEIR IR

= y/(~113.45)* + 468.442 + 56.612
=485.30 N =485 N Ans

The coordinate direction angles are

F, -113.45
COSG=F:'—=W a=104° Ans
Fe  468.44
=l = e =15.1° A
cosf= 1t = 530 p n
R 56.61 o
. A
cos 7=F 3485.30 y=833 ns

2-74. 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 is 3 kN, and B =30° and y = 75°,
determine the magnitudes of its three components.

2
cos’ @ + cos’B + cos’y = 1

cos” a+ cos*30° + cos?75° = |

@ = 64.67°

E, = 3c0864.67° = 1.28 kN

E = 3 cos30° = 2.60 kN

F, = 3co0s75° = 0.776 kN




2-75. The pole is subjected to the force F which has
components F, = 1.5kN and F, = 125kN: If g = 75°,
determine the magnitudes of F and F,.

2
cos’a + cos’f + cos?y = 1

15, 1.25

(5)%+ cos?75° + (—F—)’= 1
F=20kN Ans
E = 2.02 cos75° = 0.523 kN Ans

*2.76. A force F is applied at the top of the tower at A.
If it acts in the direction shown such that one of its
components lying in the shaded y-z plane hasa magnitude
of 80 Ib, determine its magnitude F and coordinate
direction angles o, B, v.

Cartesian Vector Notation : The magnitude of force F is

Fcos45°=80 F=113.14b=1131b Ans

F = {113. 14sin 45°% + 80cos 60°j — 80sin 60°k} Ib
= {80.0i +40.0j - 69.28k} Ib

The coordinate direction angles are

cos a= 2 = 500 45.0°
F 11314 a=a Ans
E 400
e A o
cos = =114 p=693 Ans
wr:isﬁs = 128° A
F o 1314 L4 ne




2-77. Three forces act on the hook. If the resultant force
Fr has a magnitude and direction as shown, determine
the magnitude and the coordinate direction angles of
force Fs.

N

Cartesian Vector Notation :

Fp = 120{cos 45°sin 30°i + cos 45°cos 30°j+sin 45°k} N
= {42.43i + 73.48j+ 84.85k} N

F, = 80{§i+§k}N = {64.0i+48.0k} N
F, = {-110k} N

F,=(K,i+K j+K kI N

Resultant Force :

Fpr=F+F+F
{42.43i +73.48j + 84.85k}
={(64.0+F )i+F J+(480-110+F )k}

Equating i, j and k components, we have

64.0+F =42.43 F, =-21.5TN
F, =T348N
480-110+K =8485 K =14685N

The magnitde of force F; is

R = ”l'?' + I';‘, + ";l‘
= J(=21.57)% + 73.482 + 146.852
=16562N =166 N Ans

The coordinate direction angles for F, are

2-78. Determine the coordinate direction angles of F,
and FR.

Unit Vector of F, and Fy :
4 3 "
uﬁ = §i+§k =0.8i + 0.6k

up = cos 45°sin 30° + cos 45°cos 30°j + sin 45°k
= 0.3536i + 0.6124j+ 0.7071k

Thus, the coordinate direction angles F, and Fy are

cos @ =0.8 ag =36.9° Ans
cos B, =0 By, =90.0° Ans
cos Y5 =0.6 Y5, =53.1° Ans
cos ap =0.3536 a, =69.3° Ans
cos B, =0.6124 B, =52.2° Ans

cos yp =0.7071 7y, =45.0° Ans

E,  -21.57
N o a=975° Ans
s &= 16562
F 1348
=2z — =63.7° Ans
cos =2 = sz B
F 14685
e =215° Ans
CSY=E T 16562 L4
Fy
Fp=120N
Fy=110N
Y
F, =8N 45°
34 f
30°




— ——

2-79. 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 a = 60° and y = 45°,
determine the magnitudes of its components.

Iz
F,
Y
Fle—— ’3\ ,
Fy o
K,

x

cos B = 1 - cos?a - cos?y

= /T~ 60 —conids®

B =120°

E = |80 cos60°| = 40N Ans
E = | 80cos120°| = 40N Ans
F, = |80 cosd45°] = 566N Ans

*2-80. Two forces F; and F, act on the bolt, If the
resultant force Fg has a magnitude of 501b and coordinate
direction angles a = 110° and B = 80° as shown,
determine the magnitude of F; and its coordinate
direction angles,

Z

(1) = cos’110° + cos*80° + cos’y

¥ = 157.44°

F, =

F, + F,

50 cos110° = (R),

50 cos80° = (R),

50 cos157.44° = (), — 20

=6i-8)+6k-41+5k+9i-6)+15k

=1li-14)+ 26k

ra= (112 + (=142 + (262 = 31.5Im=31.5m Ans

(B), = -17.10
(R), = 868
(B), = -26.17
F = /(-17.10)2 + (8:68)2 + (-26.17)2 = 324 Ib Ans
IR v A 1 N, A
ai—cos(32.4)-l22 ns
L R A
B, = cos (32‘4) = 745 ns
L2607 A
Y, = cos (——32'4 ) =144 ns
2-81. If r = {3i — 4j + 3k} m, r, = {4i — 5k} m, fy =
{3i — 2j + Sk} m, determine the magnitude and direction
ofr = 2I'[ - yl'z + 3]’3.
11 14 26
ra2n -n +3n , = il —3”1] + T k

= -1 ll - 0
@ = cos (31.51) 6.6° Ams

-14

B = coo"(—) =116  Ans

31.51

- -1 26 = 4° A
7= cos (31.51) 34 ns




2-82. Represent the position vector r acting from point
A(3m,5m,6m) to point B(5S m, -2 m, 1 m) in Cartesian
vector form. Determine its coordinate direction angles
and find the distance between points A and B.

Position Vector : This can be established from the coordinates of two
points.

fap ={(5-3)i+(-2-5)j+(1-6)k} ft
={2i-7j-5k} ft Ans

The distance between pointA and B is

s =V2+(=N +(-5}=/781t=883ft Ans

The coordinae direction angles are
Cos @ = — a=76.9° Ans
cos f= —= B=142° Ans

COs Y= — y = 124° Ans

2-83. A position vector extends from the origin to
point A (2 m, 3 m, 6 m). Determine the angles «, B, y
which the tail of the vector makes with the x, y, Z axes,
respectively.

Position Vector : This can be established from the coordinates of two
points.

r={2i+3j+6k} ft Ans
The distance between point A and B is
s = V22 +(3)2+(6)>=Tft  Ans

The coordinate direction angles are

cos o= ; o="T3.4° Ans

cos B= % B=164.6° Ans
6 o A

cos 'y=7 v=31.0 ns




2-82. Represent the position vector r acting from point
AGm, Sm, 6m) t point B(5 m, —2m. | m) in
Cartesian vector form. Determine its coordinate direction
angles and find the distance between points A and B.

Position Vector: This can be established from the coordinates of
two points.

rap = {(5=3i+(-2— 5)j + (1 — 6)k}L
= (2i — 7j — Skt Ans
The distance between point A and B is
rap = VE D (-9 = VTR ft=883 1t Ans

The coordinate direction angles are

2
cosa = ——= o =769 Ans
V78
-7 .
cos B = ﬁ B =142 Ans
cosy = = y = 124° Ans
) VT8 )

2-83. A position vector extends from the origin to point
A(2 m, 3 m, 6 m). Determine the angles o, B, y which the
tail of the vector makes with the x, v, z axes, respectively.

Position Vector: This can be established from the coordinates of
two points.

r = {2i + 3j + 6k} ft Ans
The distance between point A and B is
VE4+ 03X+ =T1t Ans

rAB =

The coordinate direction angles are

2
cose =z o= 73.4° Ans

ABG



*2-84. Express the position vector r in Cartesian vector
form; then determine its magnitude and coordinate

direction angles. A )
N

Position Vector :

r= ((6—2)i+[6-(—2)]j+(-4-4)k) ft

={4i+8j-8k} ft Ans
The magnitude of r is '
r=ye+8+(-8) =120t Ans
The coordinate direction angles are
cos a= — 70.5° A
= m a= . ns
8
= c— = ‘20
s B=55 p=as Ans
-8
— l ol
R ANTY r=132 Ans
2-85. Express the position vector r in Cartesian chtor r = (=5 cos20°sin30°% + (8- 5c0s20°cos30°)j + (2 + 55in20°)k)
5 determine its magnitude and coordinate
diression r = {-2.35i +3.93j +3.71k} ft Ans
direction angles.
r=y(-2.35)2 + (3.93)2 + (3.71)2 = 5.89 ft Ans
-2.35
- = cos (=2 = 113° Ans
ot 18 @ = cos (T
T
2R = cost (22 —as2e Ans
/ l B = cos(Tag) =48
3.71 .
y = cos/(==) =510

5.89

47



2-86. Express force F as a Cartesian vector; then :
determine its coordinate direction angles,

2789
y
F=5001b /
4ft
Unit Vector :
1ft—"B
Taz ={(4=0)i+[1- (~2sin 60)1+(0-2cos 60°) k} i
= {4.00i +2.732j - 1.00k} *
Tag = V4.002 42,7322 +(~1.00)* = 4.946 f
w.. < Tas _ 4.00i +2.732j - 1 00k
=== 07747k
e 4.946 ¥
=0.8087i + 0.5524j - 0.2022k
Force Vector :
F=Fu, = 500{0.8087i +0.5524j-0.2022k) b
= {404i + 276 - 101k} Ib Ans
Coordinate Direction Angles : From the unit vector u, , obtained
above, we have
cos a = 0.8087 @ =36.0° Ans
cos B=0.5524 B=56.5° Ans
cos ¥ =-0.2022 7 =102° Ans
2-87. Determine the length of member AB of the truss
by first establishing a Cartesian position vector from 4
to B and then determining its magnitude.
1.5
L = (L1+ andos 0.8)f + (1.5- 1.2)j

{2.09 + 03§} m

¥(2.092 + (03)Z =211 m




*2-88. At a given instant, the position of a plane at A
and a train at B are measured relative to a radar antenna
at O. Determine the distance d between A4 and B at this
instant. To solve the problem, formulate a position vector,
directed from A to B, and then determine its magnitude.

Position Vector : The coordinates of points A and B are

A (=5cos 60°cos 35°, - Scos 60°sin 35°, Ssin 60°) km
=A(-2.048, - 1.434, 4.330) km

B(2cos 25°sin 40°, 2c0s 25°cos 40°, - 2sin 25°) km
= B(1.165, 1.389, -0.845) km

The position vector r, 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~5.175k} km

The distance between points A and B is

d=ryp =3.2132 + 28222 +(~5.175)* = 6.71 km Ans

5km

2-89. 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?

Unit Vector :

g = {(0—8)i+(0-9)j+(12-0)k} ft
={-8i-9j+12k} ft

e =V(-8)*+(=9) s 122 = 170 Ans

Tas _8i-9j+1k 8 9 2

DT T AT

u = —_ =
e TN TS

AB
Force Vector :
8 9 12
F=Fu 340{ = —i = —j+ —
e = { AT AT
= {~160i - 180§ + 240k} Ib Ans




2-90. Determine the length of the crankshaft AB by first
formulating a Cartesian position vector from A to B and
then determining its magnitude. Fas = (400 + 1255in5ey; _ 125 cossey)

Tz = {452.831 —1133)} mm

e =Y (45283)7 2 (T3 3)7 < 467 mm

Ans

2-91. Determine the lengths of wires AD, BD, and CD.
The ring at D is midway between A and B.

2+0 0+2 1.5+0.5
D(T'T'T)"’ =0 LNhm

o = (1-2)i+(1-0)§+ (1~ 1.5)k
=-1i+1j-0.5k

Tap = (1-0)i +(1-2)j+(1-0.5)k
=1i-1j+0.5k

ep =(1-0)i+(1-0)j+(1-2)k

=li+1j-1k

Tap =¥ (-1)2+12+(=0.5)2 = 1.50 m Ans
Tsp =V 12+ (-1)2+052=1.50m Ans
x Tep=vY12+124(-1)2=1.73m Ans




*2-92. Express force F as a Cartesian vector; then
determine its coordinate direction angles.

F=1351 "
10 ft
. . 400
Unit Vector : The coordinates of point A are 10
30°
. y
A (~10cos 70°sin 30°, 10cos 70°cos 30°, 10sin 70°) ft SR
=A(-1.710, 2.962, 9. ft
( 0, 2.962, 9.397) BZ 74
Then
| W ((5-(-1.710)]i+(—7-2.962)j+(0—9.397)&) ft x
={6.710i -9.962j-9.397k} ft
ras =671+ (-9.962)* +(-9.397)* = 15.250 ft
_ Tap _ 6.710i -9.962j-9.397k
Tas 15.250
= 0.4400i - 0.6532j - 0.6162k
Force Vector :
F = Fu,y = 135{0.4400i — 0.6532j - 0.6162k} 1b
= {59.4i - 88.2j-83.2k} Ib Ans
Coordinate Direction Angles : From the unit vector u, obtained
above, we have
cos a = 0.4400 a=63.9° Ans
cos f=-0.6532 B=131° Ans
cos ¥ =-0.6162 7 =128° Ans
2-93. Express force F as a Cartesian vector; then
determine its coordinate direction angles.
r = (5i + (1.5 + 35in60°)j +(0— 3 cos60°)k)
r = {5i +4.098j - 1.5k} ft
u =1 = (07534 +0.6175§ - 0.226k)
r
F = 600u = (452.04i + 370.49j —135.61k)
A = -
. som iR 60° F ={452i + 370j - 136k} Ib Ans
a= cos“(452'04) = 41.1° Ans
1 37049 A
ﬁ:cos(GOO)—SIS ns

51

v = cos (

_, -13561
600

) =103°




2-94. Determine the magnitude and coordinate
direction angles of the resultant force acting at point A,

Te = {3i - 055 - 4k} m

Itacl = Y32 + (=05)2 + (<4)% = /2525 = 5.02494

i — 0.5j — 4

K
= (119.4044i - 19.9007j - 1592059k
Soza08 ) = ¢ ! i )

3
F, = 200(
s = (3c0s60% + (1.5 + 3sin60°)j — 4k)

Ly = (L5 + 409815 - 4k)

Il = Y(15)2 + (4.0981)% + (—4)2 = 5.9198

1.5i + 4.0981j - 4k

= (38.0080i + 103.8405j — 101.3548k
59198 ) = (38.0080i + 10: i 0 8k)

F, = 150(

F, = F, + F, = (157.4124i + 83.9398] - 260.5607k)

B = {/(157.4124)2 + (83.9398)2 + (-260.5607)2 = 315.7791 = 316 N Ans

157.4124
= cos (z====) = 60.099° = 60.1° A
&= o (57701 = 0 ns

83.9398
- -1 ——
B = s (357701

) = 74.584° = 74.6° Ans

_1,~260.5607

= o) = 145.60° = 146° A
Y = cos (315.7791 ) 5.60 ns




2-95. The door is held opened by means of two chains.
If the tension in AB and CD is F4 = 300 N and F¢ = 250
N, respectively, express each of these forces in Cartesian

vector form.

Unit Vector : First determine the position vector ¢ , 5 and r¢p. The coordinates of
poinis A and C are

A[0, —(1+1.5cos 30°), 1.5sin 30 ] m=A (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

ras = {(0-0)i+[0~(-2.299)] j+(0-0.750)k} m
= {2.299§-0.750k} m
res = ¥2.2992 +(=0.750)* = 2.418 m
Tp 2290750k, 5507j-0.3101k

Yar == T 2418

rep = {[~0.5 - (~2.5)1i+ [0~ (-2.299)] j+ (0~ 0.750)k} m
= {2,000 +2.299j-0.750k} m

rep = v 2.002 +2.2992 + (=0.750)* = 3.138 m

feo _ @lz':%ﬂ = 06373 +0.7326j - 0.2390k

Ucp =
e

Force Vector :

F, = Fyu,p = 300{0.9507j-0.3101k} N
= {285.21j-93.04k} N

= {285j~93.0k} N Ans
F, = Fougp = 250({0.6373i +0.7326j - 0.2390k } N
= {159.33i + 183 15j~59.75k} N
Ans

= {159i +183j-59.7k} N




*2-96. The two mooring cables exert forces on the stern
of a ship as shown. Represent each force as as Cartesian z
vector and determine the magnitude and direction of the
resultant.

Unit Vector :

rca = {(50-0)i+(10-0)j+(-30-0)k} ft= {50i + 10j— 30k} ft The magnide of Fy is

rea = VS0 + 102 + (~30)? = 59.16 ft
rca _ SOi+10j-30k

Yer e 59.16

Fy = 266.672 + 131457 + (- 160.00)
=0.8452i +0.1690§ - 0.507 1k =337.631b=3381b Ans

rcs = {(50-0)i+(50-0)j+(~30~0)k} ft= {50i + 50— 30k} ft The coordinate direction angles of Fyare

res = V502 + 502 + (~30)% = 76.81 ft 266.67
C

Feu _ 50i+50j-30k _ *= 356

Ucy a=_73r-06509l+06509j 0.3906k ﬁ- 131.45
T 337.63

160.00

"33763

a=37.8° Ans

B=67.1° Ans

Vector :
Force cosy=

r=118° Ans

F, = Fluc, =200{0.8452i +0.1690j-0.5071k} 1b
= {169.03i + 33.81j~ 101.42k} Ib
= {169i +33.8j - 101k} Ib Ans

Fy = Fucy = 150{0.6509i +0.6509j — 0.3906k} Ib
= {97.64i +97.64j - 58.59k} Ib
= {97.6i +97.6j - 58.6k} Ib Ans

Resultant Force :

Fp=F, +F,
= {(169.03+97.64)i+(33.81+97.64)j+(-101.42-58.59)k) b
= {266.67i + 131.45j - 160.00k } Ib




2-97. Two tractors pull on the tree with the forces
shown. Represent each force as a Cartesian vector and
then determine the magnitude and coordinate direction
angles of the resultant force.

t54 = {(20cos 30° - 0)i +(~20sin 30° - 0) j+ (2-30)k} ft
={17.32i - 10.0j- 28.0k} ft

raa = ¥ 17.3204(-10.0)? + (-28.0)* = 34.41 ft

321 - 10.0§- 281
2 Taa 173210057280k _ ) (onsi— 0.2906j-0.8137k
Tga 3441

Uga

rac = {(8-0)i+(10-0)j+(3-30)k} ft= {8i+10j—27k} ft
rac =y 82 +102+(-27)2 = 29.88 ft

8i+10j-27k
upe = 126 2 B IU=2TK _ o 6771+ 0.33465 - 0.9035K
P 29.88

Force Vector :

F,» = Figup, = 150{0.5034i - 0.2906j - 0.8137k} 1b
= {75.51i - 43.59j - 122.06k} Ib

= {75.5i - 43.6j~ 122k} Ib Ans
Fac = Fycupc = 100{0.2677i +0.3346j — 0.9035k} Ib

= {26.77i +33.46j-90.35k} Ib

= {26.8i +33.5j- 90.4k} Ib Ans

Resultant Force :

Fp=Fyy +Fpc

= {(75.51 +26.77)i + (—43.59+ 33.46) j + (~122.06 - 90.35) k} Ib
= {102.28i - 10.13j-212.41k} Ib

The magnitude of Fy is

Fy = /102282 + (-10.13)? + (-212.41)}
=235971b=2361b

Ans
The coordinate direction angles of Fyare

102.28
cos a= a=643° Ans

23597

10.13
= —— =92.5° Ans

c0s B=-33557 h
2.

cosy= il y=154° Ans

23597

Fyg=1501b

A 20 ft




2-?8. 8uy w; k

pole. R presans (0] 'sup{port the telephope

4 Wire in ¢y Sian vecto,
Unit Veetor :

L =((—l—0)i+(4-0)j+(0-4)k} M= {~1i+4j- 4k}
hie= (-1)‘+42+(~4)’=5.74sm
<M -livgjgq -
U, e - 534 = ~0.1741i +.0.6963j~ 0, 6963
Nap =((2-0)1+(-3—0)j+(o-5.5)k} ™ ={2-3j~55k} m
B =VEH(-3)24 (557, 6.576 m
2i-3j-5 5

T,
upp = 22 - 273 -5.5k =0.3041j ~0.4562j - 0.8363k
ap 6.576

Force Vector :

Fo = Rue = 2500 174y *0.6963)~0.6963x} N
= {~43.52i + 174,05 174,08k} N
= {4351+ 1745 174 IN Ang

= {53.22i - 79.835~ I46.36k') N
= (53.2i-79.81~ l46k} N Ans

in Cartesian vector
ress each of the forcgs i '
fz- 3:’;1 al;:l)ép determine the magnitude and coordinate
d(i)rection angles of the resultant force.

2l \

7N\ Fi=801b
251t \

F=501b
6%
\A

y

yd

X

Tac = (=251 - 45 4 o) ; Tac = 7.6322

F, = 80(::—:) = {-2620 - 4195 4 620 1p Ans

Tar = {2 45 - 6y}, Tas = 7.48

F, = 50(:‘4) = {1341 - 269 _ 40,1y p Ans
AB
F = F, + F,

= {-12.81 - 68.7§ + 22.8k} b

R = ﬁ% =74

=735 Ans

1, -128 . Ans
= =) = 100
Rty

—68.7
- = = 159°
B = cos (73.47)

2.8 Ans
-1 =71.9°
Y= (71 47)

56



50 sin20° + 50c0s20% — 35k

*2.100. The cable attached to the tractor at B exerts a
force of 350 1b on the framework. Express this force as a r

Cartesian vector.

-
I

= {17.10i +46.98j — 35k} ft

(7102 + (46.98)7 + (33)% = 61.03 1

~
I

r
u = ;= (0.280i +0.770j - 0.573k)

F = Fu = {981j + 269j - 201k} 1b Ans

351t F=3501b

2-101. The load at A creates a force of 60 Ib in wire AB.
Express this force as a Cartesian vector acting on A and

directed toward B as shown.

Unit Vector : First determine the position vector r 5 .The coordinates of point B

are

B(5sin 30°, Scos 30°, 0) ft=B(2.50, 4.330, 0) ft

Then
e = {(2.50-0)i+(4.330-0)j+[0-(-10)] Kk} ft
= {2.50i +4.330j + 10.0k} ft

rap = v2.502 +4.330% +10.0> = 11.180 ft

khp _ 2.50i+4.330j+ 10,0k
Yas =T 11.180
= 0.2236i +0.3873j + 0.8944k

Force Vector :

F = Fu,, = 60{0.2236i + 0.3873) +0.8944k} Ib

= (13.4i+23.2j+53.7k} b Ans




2-102. The pipe is supported at its ends by a cord AB. If
the cord exerts a force of F = 12 Ib on the pipe at A, express z
this force as a Cartesian vector.

Unit Vector : The coordinates of point A are

A (5, 3cos 20°, —3sin 20°) ft=A(5.00, 2.819, - 1.026) ft

Then

y
X
f4g = ((0-5.00)i+(0-2.819)j+[6—(-l.026)]k} ft
= {-5.00i - 2.819j +7.026k} ft
rp = V(-5.00)% +(-2.819)* +7.0262 = 9.073 ft
_ryp _ —5.00i -2.819)+7.026k
s e 9,073
= -0.5511i -0.3107j +0.7744k
Force Vector :
F = Fu,, = 12{-0.5511i -0.3107j+0.7744k} Ib
= {—6.61i —3.73j+9.29k} Ib Ans
2-103. Thecord exertsaforce of F = {12i + 9j — 8k} Ib
on the hook. If the cord is 8 ft long, determine the location
x, y of the point of attachment B, and the height z of
the hook.
z
w=FE_ _ 2+ 9 -8k} o061 + 05295 - 0471K)
F o Ja2? + (92 +(-8)?

750
A
S
e
///g/g//

r=r = 8u = {565 +424j - 3.76k} ft

x—-2=565; x=765ft Ans

y-0=424; y=4241t Ans

0-z= =376 z=23761f Ans

*2.104. The cord exerts a force of F = 301b on the
hook. If the cord is 8 ftlong, z = 4 ft, and the x component
of the force is F, = 25 Ib, determine the location x, y of
the point of attachment B of the cord to the ground.

u, == = 0.833

r, = mu, = 8(0.833) = 6.67 ft

oSN ,/(-r—r——r—r—r—r—r— :
C AC—r—r—r—r—r——r—
¢/ e e o el s e

y x-2=667; x = 8.67ft Ans

r=y66NZ +y> +42 =38

y = 189 ft

58



2-105. Each of the four forces acting at E has a
magnitude of 28 kN. Express each force as a Cartesian
vector and determine the resultant force.

6 4. 12
= 82— =5 - 2k
z Fau = B -0~ @Y
Fy, = {12i - 8j —24k} kN Ans
6. 4. 1
= 82+ —j - —k
Fyp 28(14l+14j ]4)
Fep'= {12i + 8j - 24k} kKN Ans
5,412
Fee = 28(1—41 + 1—41 1
Feo = {~12i + 8j —24k} kN Ans
-6 4 12
= 28(—i-—j- =k
Feo = (i -3¢0 ~ @9

Fpp = {-12i - 8j - 24k} kN Ans

Fp = Fgy + Fgy + Fe + Fy

= {-96k} kN Ans

2-106. 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, 8,y of
the resultant force. Take x = 20m,y = 15 m.

F, =

o = A0 * Tree! ~ 34 N
- 4 2

Fps = 800 P M

L] (2506' * 5060 ~ 35,060
16, 18, 24

Fpc = 600(—i — -5 _ 2

be = 600(i - i - ZON

Fp = Fpy + Fyy + Fpe

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

R = Y(321.66) + (-16.82)2 + (-1466.71)2

= 1501.66 N = 1.50 kN Ans
o= ot (J26
= 150166’ ~ ' Ans
-16.82
= l—ly = o
B = cos (1501.66) 90.6 Ans




2-107. The cable, attached to the shear-leg derrick,
exerts a force on the derrick of F = 350 Ib, Express this
force as a Cartesian vector.

Unit Vector : The coordinates of point B are
B(50sin 30°, 50cos 30°, 0) fi= B(25.0,43.301,0)

Tas = {(25.0-0)i +(43.301-0)j+ (0-35)k} fu
= {25.00+43.301j - 35.0k} fc

Tan = V25.004+ 433012 4 (-35.0)" = 61.033 fr

Tas _ 25.0+43.301j-35.0k
s 61.033
= 0.4096i +0.7094j - 05735k

Up =

Force Vector :

F=Fu,, = 350{0.4096i+0.7094j-0.5735k) b
= {143i +248j- 201k} Ib Ans

~

*2-108. The window is held open by chain AB.
Determine the length of the chain, and express the 50-1b
force acting at A along the chain as a Cartesian vector
and determine its coordinate direction angles.

Unit Vector : The coordinates of point A are

A(Scos 40°, 8, Ssin 40°) ft=A(3.830, 8.00, 3.214) ft

Then
ryp ={(0-3.830)i +(5-8.00)j+(12-3.214)k} fi

= {~3.830i - 3.00j + 8.786k} ft
Tas = ¥ (~3.830)% +(=3.00)? +8.7862 = 10.043 ft= 10.0ft  Ans

_tap _ —3.8301-3.00j+8.786k
i 10.043
= ~0.3814i —0.2987j + 0.8748k

Force Vector :

F = Fu,, = 50{-0.3814i - 0.2987j + 0.8748k } Ib
={-19.1i - 14.9j+43.7k} Ib Ans

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

cos a =-0.3814 a=112° Ans
cos B=-0.2987 B=107° Ans
cos ¥ =0.8748 Y =29.0° Ans




2-109. Given the three vectors A, B, and D, show that 3
A-(B+D)=(A'B) + (A-D).

Since the component of (B + D) is equal to the sum of the components of B and D, then
A-(B+D) = A-B+A.D (QED)

Also,

A-(B+D) = (Ai + AJ + Ak) - ((B, + D,)i+ (B, +D,)j + (B, + D)k]
= A(B, + D,) + A (B, +D,) + A(B, + D,)
=(AB; + A B, + AB,)+ (AD; + A D, + AD;)

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

2-110. Determine the angle 0 between the tails of the £
two vectors.

Position Vectors :

r ={(3-0)i+(~4-0)j+(0-0)k} m
={3i-4j} m

r; ={(2-0)i+(6-0)j+(-3-0)k} m
={2i+6j-3k} m

The magnitude of postion vectors are

n=VYR+(9=500m r,=y22+62+(-3)7=7.00m

Angle Between Two Vectors 6 -

Ty -1y = (3i-4j) - (2§ +6j-3k)
=3(2) +(=4)(6) + 0(~3)
=-18.0m’

a(h R .1 -18.0 °
= — | = — =] ] A
8=cos (r.r,) cos [5.00(7.00) 2 ns




2-111. Determine the angle 8 between the tails of the
two vectors.
r, = 9(sin40°cos30° -sin40°sin30°j +cos40°k)

{5.010i —2.8925j + 6.894k} m

n
r, =6(cos60% + cos45°j + cos120°k)

r, = {3i + 4.2426j -3k} m

~'

r -r = 5.010(3) + (~2.8925)(4.2426) + (6.894)(-3) = ~17.93

0= cos"(-r—l—ﬁ)
nn

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

r, = 9(sin40°cos30°% — sin40°sin30°j + cos40°k)

r; = 5.010i — 2.8925j + 6.894k

r; -r; = 5.010(3) + (—2.8925)(4.2426) + (6.894)(-3) = —17.93
- -17.

Projr, =2 % = 1299 m| Ans
- -17.

Proj.r, = nho_ —122 = |1.99m| Ans
n 9

2-113. Determine the angle 6 between the y axis of the z

pole and the wire AB.

Position Vector :
rie={-3j}

e ={(2-0)i+(2-3)j+(~2-0)k} ft
={2-1j-2k} ft

The magnitudes of the postion vectors are

ne=3008 1, =y2+(-1)2+(<2)’ =300t

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

fag Tas =(-3)) - (2= 1j-2k)
=0(2) +(=3)(-1) +0(-2)
=3

. 3
9 = cos™ Fao Tas ) .t ],7 .50
o8 (r,,,r“ 5| 35000y |~ 105" Ans




2-114. The force F = {25i — 50j + 10k} N acts at the
end A of the pipe assembly. Determine the magnitude of
the components F, and F, which act along the axis of AB
and perpendicular to it.

Unit Vector : The unit vector along Aa axis is

- (0-0)i+(5-9)j+(0-6)k

‘/(0_0)2 TG s 0-6" =-0.5547j-0.8321k

Uss

Projected Component of F Along AB Axis :

F, =F-u,, =(25i 50§+ 10k) - (-0.5547j— 0.8321k)
= (25)(0) +(~50) (—0.5547) + (10) (-0.8321)
=19.414N=194N Ans
Component of F Perpendicular to AB Axis : The magnitude of force F is
F = 252+ (~50)* + 102 = 56.789 N.

K =FI-F = /567892 - 19.414 = 534N Ans

2-115. Determine the angle 6 between the sides of the z
triangular plate.

fac = (3i+4)-1k)m

Tac = /(3P + (42 + (=11 = 5.0990m

a2 = (2j+3k)m

Tas = (27 + (3 = 3.6056m

e M =0+4QQ)+(-1)3) = §

9= m-:(fac Y ] ) = cos~! s
FaC Tas (5.0990) (3.&56)

6 = 74.219° =274.2°  Ans




*2-116. Determine the length of side BC of the
triangular plate. Solve the problem by finding the
magnitude of ryc; then check the result by first finding
6, r4p, and r4c and then use the cosine law.

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

reac=J (3P +Q@P +(4P =539 m

Also,

Ans

fac={3i+4)j-1k}m

rac = Y OF +(47 +(~1)* = 5.0990 m

e ={2j+3k}lm

ras =y (2P +(3) =3.6056 m

faCc° Tan = 0+4(2)+(-1)(3) =S

') -l(rAC * TAB ) - -1 5
o TaCTaB o (5.0990)(3.6056)
0=74.219°

rac =  (5.0990)? + (3.6056) — 2(5.0990) (3.6056) cos 74.219°

rpc=539m Ams

2-117. Determine the components of F that act along
rod AC and perpendicular to it. Point B is located at the
midpoint of the rod.

e=vY(=3)2+42 + (4)2 = /4l m

e = (=31 + 4) - 4k),

-31 + 4 - 4K
Tas ="‘—2‘=———2j—=-1.5|+2j—2k

TLp = Tap + Tpp

Tgp = Tap = N4

(41 + 6] — 4K) — (—1.51 + 2 — 2k)

]

{551 + 4j — 2k} m

Y (5.5)2 + (4)2 + (=2)? = 7.0887 m

L}

TsD

T,
F = 600(:'—") = 465.5281 + 338.5659) — 169.2820k
BD

Component of F along r, ¢ is F

R, = F-r,c _ (4655281 + 338.5659) — 169.2829k) - (-3i + 4j — 4k)
: Tac ﬁ_l
F, = 99.1408 = 9.1 N Ans

Component of F perpendicular to r,¢ is F}
F! + % = F* = 6007
F? = 600° — 99.1408"

F, = 59175 = 592N Ans




2-118. 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.

rea = 3i -4 + 4k
Toa = 6403124
res = BT;EA("") = 1405561 — 1.874085] + 1.874085k
Top = Toc + Tcp
= -3+ 4)+ rc
= —1.59444i + 2.1259j + 1.874085k
Top = Tos + Tap
rsp = Top — Top = (4i + 6)) — rop

= 5.5944i + 3.8741j — 1.874085k

rap = Y (5.5944)% + (3.8741)2 + (~1.874085)% = 7.0582

F = 500(:'—") = 475.568i + 329.326j — 159.311k
8D

’,w=v/‘ﬁ

Component of F along r,c is K,

e = (3 + 4 - 4K),

Forec  (475.568i + 329.326j — 159.311k) - (=3i + 4j — 4k)
=== Y41
K, = 824351 =824 N Ans
Comp of F perpendicular to r,¢ is Fy
BaR =P -
B = 600" - 82.4351°
F, = 594N Ans
2-119. The clamp is used on a jig. If the vertical force
acting on the bolt is F = {500k} N, determine the 4
magnitudes of the components F, and F, which act along z
the OA axis and perpendicular to it. &
4q mm
2 3 |_|-—20mm
-
A0 mmA——
Unit Vector : The unit vector along OA axis is *
\j
- (0-20)i +(0~40)j+(0-40) k - 1 F={-500k}N
—_— R

2 2
37373

U0
(0-20)2 + (0-40)2 + (0 - 40)?

Projected Component of F Along OA Axis :

1, 2 2
Fi=F o= (<5000 (5i- P35

-0(3)-0()-ca0f)

=333.33N=333N Ans

Component of F Perpendicular to OA Axis : Since the magnitude of
force F is F= 500 N so that

K =Fi-F = /5007 -33333 = 313N

Ans




*2-120. Determine the projection of the force F along
the pole.

. 2 2 1
ProjF = F . =21+ 4 10k) - [S44 2 --t)
b f@ledg. ) (3 ‘.JJ 3

Proj F = 0.667 kN Ans

= (2i+4j + 10k) kN

2-121. Determine the projected component of the 80-N
force acting along the axis AB of the pipe.

T 6 2
e I it R B
Uy . = 7 7k}

= {~-0.857i - 0.4295 + 0.286k}

_ so[ -6i —7j - 10k ]
V© + ()7 + (102
= {-35.29i - 41.17j - sg.82k) N
Proj. F = Fcos = F.u,,
= (-35.29)(-0.857) + (~41.17)(~0.425) + (~58.82)(0.286)

311N Ans




2-122. Cable OA is used to support column OB.
Determine the angle 8 it makes with beam OC.

Unit Vector :
uge =1i

_(4-0)i+(8-0)j+(-8-0)k
V(4-0)2+(8-0)* +(~8-0)?

Yo
1, 2, 2
—i+of-=k
=31*3173

The Angles Between Two Vectors 0:

w0 (13- Be (o0 2o 2

1
0=cos™ (upc - ug,) =cos™ 3=705° Ans

2-123. Cable OA is used to support column OB. Unit Vector:

Determi i i .
etermine the angle ¢ it makes with beam OD tap =—sin 3071+ cos ) - 0.5+ 0.86603

(4-0)i+(8-0))+(-8-0)k
ton = J@-07+(8-0) +(-8-0)
1

2
= §i+;j-§k

The Angles Between Two Vectors ¢:

1, 2,2
Uop - Ugs = (~0.5i +0.8660)) (—s-i 3= 3)

=(-0.5) (%)»« (0.8660) G)»fo(-g)
=0.4107

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




*2-124. The force F acts at the end A of the pipe
assembly. Determine the magnitudes of the components
Fi and F, which act along the axis of 4B and
perpendicular to it.

Unit Vector : The unit vector along A B axis is

v = (3-0)i+(8-4)]+(0-0)k .3 +4j
,/(3-o>2+<a-4)1+(o-0)2 55

Projected Component of FAlong AB Axis :

B =F -y, = (20i + 10j - 30K) -Gi+§j)
3 4
= (20)(§)+(10)(3)+(-30)(0)
=200N Ans

Component of F Perpendicular t0 AB Axis : The magnitude of force F
is F= Y202 4102 4 (=30)% = 37,417 N.

R =VF7-I','Z=¢37.4l73-20.01=31.6N Ans

2-125. Two cables exert forces on the pipe. Determine
the magnitude of the projected component of F; along
the line of action of F,.

Force Vector :

Ug, = cos 30°sin 30 + cos 30°cos 30°j - sin 30°k
=0.4330i +0. 75j-0.5k

F,=F ur =30(0.4330i +0.75j-0.5k) Ib
={12.990i +22.5j - 15.0k} 1b

Unit Vector : One can obtain the angle @ = 135° for F; using Eq.2- 10,

cos’a+cos?f+ cos’y = 1, with S = 60° and ¥ = 60°.The unit vector along the
line of action of F, is

Ug, =cos 135% + cos 60°j + cos 60°k = =0.7071i +0.5j+0. 5k
Projected Componem of F, Along the Line of Action of F, :

(ﬁ),} =F ‘ug =(12.990i+22.5j—lS.Ok)~(—0.7071i+0.5j+0.Sk)

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

Negative sign indicates that the projected component (F) r, &1 in the opposite
sense of direction to that of ug.

The magnitde is (R ),.’ =541b. Ans

Fy=251b

Fy=301b




2-126. Determine the angle 9 between the two cables
attached to the pipe.

The Angles Between Two Vectors 6:

up, -ug =(0.4330i +0.75j-0.5k) - (~0.7071i +0.5j+ 0.5k)

=0.4330(~0.7071) +0.75(0.5) + (=0.5) (0.5)
=-0.1812

Then,

8=cos™ (uf ‘ug ) =cos™* (-0.1812) = 100° Ans

Unit Vector:

ug, =cos 30°sin 30°i + cos 30°cos 30°§ - sin 30°k
=0.4330i +0.75j - 0.5k

ug, =cos 135% + cos 60°j +cos 60°k
=-0.7071i+0.5j+ 0.5k

2-127. Determine the angle 8 between cables AB and
AC.

Position Vector :

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

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

The magnitudes of the postion vectors are

rop =y (-15) #3482 = 17.263 ft
Fae = ¥ (—15)2 +(=8)* + 122 = 20.809 ft
AC

The Angles Between Two Vectors 6:

fyp Tac = (=151 +3j+8K) - (~15i - 8j+ 12K)
= (~15)(=15) +(3)(~8) +8(12)
=297 f¢

BUTURY 4.7V R V- TR 297 ]=342° Ans
6= cos (r“r‘c )’ws [17.263(20.809) :




2-128, ¢ F has 4 Magnitude of 55 1b, determine the

Magnitude of its Projected ¢q

axis and along capje AC.

Mponent acting along the

Force Vector :
w. - (0—15)i+(3~0)j+(3‘0)k
e ‘/(0-15)2+(3-0)1+(8-0)’
=-0.8689; + 0.1 7385+ 0.4634k

F= Fu, = 55(~0.8689; +0.l7381+0.4634k) b
={-47.791i + 9.558j+25,489k} Ib

Unit Vecyo, * The unjt vector along Regative x axjs NdAC are

. . (0—15)i+(-8~0)j+(12—0)k
e ./(0-15)2+(-s~0)1+(12~0)=
= ~0.7209 - 03845 1.0, 57675

Projecteq Camponem of F .
E=F. U, =(~47.791; + 9.558j+ 25.489k) . (~1i)

=(~47.791) (-1) +9.558(0) +25.489(0)
=478 Ans

The projecteq Component aces along cable 4 C. Fc, can also be determined using
fac = Feos 6. From the solution of Prob. 2-137 ¢ 34.2°. Then

Fac = 55005 34,20 < 455,

2-129, Determine the an
cket.

sheet-meta] bra

gle 6 between the edges of the

No= {400i + 250k } mm H 1 = 47170 mm
N o= {50 + 300j » mm ; 2 = 304.14 mm
10 = (400)(s0) , 0(300) 4+ 250(0) = 2000

1,0 T,
6 = cog ‘(u)
nrn

! 20000

= cos %) = 820° Ans

70



2-130. 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,.

Force Vector :

ug = sin 35°cos 20% - sin 35°sin 20°§+ cos 35°k
=10.5390i - 0.1962j +0.8192k

F, = Fuj, =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

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

Projected Component of F, Along Line of Action of F, :

(R)g, =F -ug =(215.5% —178.47)+ 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, ), acts in the opposite sense
of direction to that of ug,.

thus themagnimdeis(l"l),,=50.6N Ans

2-131. Determine the angle 6 be
tw
attached to the post. & een the two cables

Unit Vector :

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

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

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

up, -ug, =(0.5390i -0. 1962j+0.8192k) - (0.7071i +0.5j - 0.5k)
= 0.5390(0.7071) + (-0.1962) (0.5) +0.8192(-0.5)
=-0.1265

6=cos™ (up, -uy,) =cos™ (-0.1265) = 97.3° Ans




#2.132. Determine the angles 6 and ¢ made between
the axes OA of the flag pole and AB and AG, respectively, Tac = {~2i -4j + 1k} m; ne = 458 m
of each cable. ’
z e = {L5i - 4j +3k} m; e = 522m
156 | o = { = 4 -3k} m; Tao = 500m

T4 ‘Tao = (15)(0) + (—4)(—4) + (3)(=3) = 7

-1,T4p "
6 = cos™!(-AB Tao
TaBTa0

0s™!(

;
522500)) = T4 = Tase Ans

Tac Tao = (=2)(0) + (—4)(—4) + (1(-3) = 13

-1, L, .
¢ = cos™!(FAc M40
Tachao

= —]( 13
358500 = 354 Ans

2-133. Determine the magnitude and coordinate direction
angles of F; so that the resultant of the three forces acts
along the positive y axis and has a magnitude of 600 Ib.

F,=3001b

=—180 + 300 cos30°sin40° + F; cosa

IF,
R, = IF; 600 = 300 cos30°cos40° + F; cosf
R, = IF; = =300 sin30° + F cosy

cos’a + cos’B + cos’y = 1

Solving :
F = 4281 Ans
a = 88.3° Ans
B = 206° Ans
¥ = 69.5° Ans




¢ magnitude and coordinate

. Determine th
i at the resultant of the three

direction angles of F3 so th:
forces is zero.

[

F,=3001b

=
It

. = XIF; 0 = —180 + 300 cos30°sin40° + F, cosa

N
I

y = LF: 0 =300 cos30°cos40° + F, cosf
F, = ZF; 0= -300sin30° + F cosy

2
cos’a + cos’f + cos’y = 1

Solving :
F =251 Ans
a = 87.0° Ans
B = 143° Ans
Y = 53.1° Ans

2-135. Determine the design angle 6(8 < 90°) between
the two struts so that the 500-1b horizontal force has a
component of 600-Ib directed from A toward C. What 13
the component of force acting along member BA?

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

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

F,, = y/6002 + 5002 — 2(600) (500) cos 20°
=214911b=2151b Ans

The design angle 8 (8 < 90°) can be determined using law of sines
[Fig. (b)].

sin @ sin 20°

500 21491
sin 8= 0.7957

8=>52.7° Ans




2-134. Determine the magnitude and coordinate direc- -
tion angles of F3 so that the resultant of the three forces
is zero.

F,=1801b

Fge = ZF ) = —180 + 300 cos 30° sin 40° + Facosa
Fry=LF: 0= 300 cos 30° cos 40° + F3 cos f8
Fr.=ZF; 0 = —300sin30° + Fycosy

cos? @ + cos? f +cos’y = 1

F,=3001b

Solving:

F;=2501b Ans
a=870° Ans
g =143 Ans

y =53.1° Ans

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

Parallelogram Law: The parallelogram law of addition is shown in 600 1o

Fig. (a). W Rkl
i i fow of cosines \__ e
rigonometry: Using 14 COS S . 3
g try: Using law of cosines {Fig. (b)), we have S0~ \\ '\‘(7“~(L00 b
5 5 e Y, Fya -~
Fan = /6007 + 5007 — 2(600)(500) cos 20° == i \‘___M:=-
Fpa 500 1b
=21491 b =2151b Ans (@ ®

The design angle 6 (6 < 90°) can be determined using law of sines
|Fig. (b))

sing = 0.7957

=757 Ans
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*2.136. The force F has a magnitude of 80 Ib and acts
at the midpoint C of the thin rod. Express the force as a

Cartesian vector. rp = (-3i + 2§ +6k)

1
Tep = 5rap = (ZLS+1§ +30)

fco ='Tgo + Tca

= —6k — 1.5 +1j + 3k

= -151 +1j - 3k
rco = 3.5
F = SO(I-C—O) = {-34.3i + 22.9j - 68.6k} Ib Ans
Tco
y
2 ft
x
*2.137. Two forces F; and F, act on the hook. If their F F
lineg of action are at an angle 6 apart and the magnitude sing  sin(6-9) F 4Je
of éach force is F; = F, = F, determine the magnitude of (m £
the resultant force Fz and the angle between Fg and F;. sin(6-9) = sing AP O
Fa
6-¢=¢
6
¢ = 3 Ans
B = Y(A2 + (H? = 2(A(F) cos(180° - 6)
Since cos(180°-6) = —cosé
F = F(Y2)y/1+ cos@
Since cos(—e) = Vl+c_ow
2 2
Thus
]
B =2F 003(5) Ans
2-138. Determine the angles 6 and ¢ between the wire
segments.
rga = {-04j -0.5k} m; rpa =0.640 m
rpc = {0.8i + 02§ — 0.5k} m; rpc =0.964 m

Tpa-Tpe = 0+ (-0.4)(0.2) + (-0.5)(-0.5) = 0.170 m*

0.170

6 = N ————
cos ((0.640)(0.964))

= 74.0° Ans

4
L]
]

{~0.8i — 0.2j + 0.5k} m ; res =0964 m

rep = {-08i } m;

rep =0.800 m

rcp-Tep = (—0.8)(—0.8) = 0.640 m?

0.640

- -1, U
¢ = o5 ({5.964)(0.500)

= 33.9° Ans
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2-139, Determine the magnitudes of the Projected
components of the force F = {60i + 125 - 40k} N in the F = (601 + 12§ - 40} N
direction of the cables AB and AC.

- _ (3i-075+Kk)

VO (e

Uup

= (-0.9231i - 0.2308§ + 0.3077k)

(=3i + j +1.5k)

u = e
R rrar T an (L5)2
= (085711 + 0.2857) + 0.4286k)

ProjFy = Fou,,

60(-0.9231) + 12(~0.2308) + (~40)(0.3077) = ~70.46 N

Proj £, = 705N Ans
Proj ¢ = Fou,,

60(-0.8571) + 12( 0.2857) + (-40)(0.4286) = -65.14 N

Proj Ko = 65.1 N Ans

*2.140, Determine the magnitude of the projected
component of the 100-Ib force acting along the axis BC
of the pipe.

- (0-6)l+(12-4)j+[0-(-2)]k

(0-6)2+(12-4)2+[0=(=2))2
=-0.5883i + 0.7845j+0.196 1k

Ucp

F = Fucp = 100(~0.5883 +0.7845j+0.196 1k)
={-58.835i + 78.446j+ 19.612k} 1b

Unit Vector : The unit vector along CB is

(o-s)i+(o-4u+[o—(-2)lk
Ucy =

— 20 i+10-(-D)k
V(0-67+(0-0)+ [0~ (a)7

=~0.8018i ~0.5345j +0.2673K

Projected Component of FAlong CB :

Fep =F ugy = (~58.835i + 78.446j+ 19.612k) - (-0.8018i - 0.5345j+0.2673k)
=(~-58.835) (-0.8018) + (78.446) (-0.5345) +( 19.612) (0.2673)
=1051b Ans

2-141. The boat is to be pulled onto the shore using two
ropes. If the resultant force is to be 80 Ib, directed along
the keel aa, as shown, determine the magnitudes of forces
T and P acting in each rope and the angle 6 of P s a
minimum. T acts at 30° from the keel as shown.

From the figure Pis minimum, when

6 +30° = 90° 6 = 60° Ans

SN
P 80 A O

m=m; P=awn Ans 8014

T 80
Sn60° ~smoos ¢ T =693  Ans




3-1. Determine the magnitudes of F, and F, so that
particle P is in equilibrium.

Equations of Equilibrium :

5 EE =0; ﬁ(;)-AOOsinW-ﬁsh\GO‘SO
0.8F, - 0.8660F; = 200.0 (

3
+TZE =0;  400cos 30"-5(3)-&905 60° =0
0.6F; +0.5F, = 346.41 (2

Solving Eqgs.[1] and (2] yieids

F=435b FK=171b Ans

400 1b

30°

3-2. Determine the magnitude and direction 6 of F so

that the particle is in equilibrium. % EE =0 _7(%) + Fcosf =0
y
4
+T2F;=0; 7(3)—3—Fsin9=0
lving,
Solving 3KN
6 =318 Ans
F = 494 kN Ans
X
y

3-3. Determine the magnitude and angle 6 of F; so that
particle P is in equilibrium.

Equations of Equilibrium :

5
— XF, =0, 300(B)+450005 20°-Fcos =0
F cos 6=538.25 [1]

12
+T2E =0; 300(E)—450sm 20°-Fsin =0
Fysin §=123.01 [2]

Solving Egs.[1] and [2] yields

6=12.9° F =552N Ans




R —

*3-4. Determine the magnitude and

angle 6 of F so that
the particle is in cquilibrium.

1+

IF,

x

+TZE

Fcos@ + 225 cos60° - 45 - 7.5 sin30°= 0

Fsin6 - 2.255sin60° - 7.5 cos30°= 0

8.444
=" _ 1185 sk
tanb = o0
6 = 49.8° Ans
F = 11.0kN Ans 5

3-5. The members of a truss are pin-connected at joint

O. Determine the magnitudes of F; and F, for
equilibrium. Set 6 = 60°

Equations of Equilibrium :

SEIE =0 F,c0s 60° + £, sin 70° - Scos 30"-1(;):0

0.5F, +09397K = 99301 (m

*TIE =00 Foos 70° £ sin 60°+ Ssin 30°-7G)=o

0.3420F, - 0.8660F, = 1.70 (21

Solving Egs.[1] and (2] yields

F=18kN E=960kN Ans

g
5 kN
70° A
300 INE B .
60°
ot
* F

T kN




3-6. The members of a truss are pin-connected at
joint O. Determine the magnitude of F; and its angle 0
for equilibrium. Set F, = 6 kN.

Equations of Equilibrium :
- 4
—ZIF, =0; Fcos 6+ 6 sin 70° - Scos 30’-7(3)-0
Fcos 6=4.2920 [8)]

+TZE =0;  6oos 70°~ F sin 9+$sin30’-7(§)=0
F, sin 6 =0.3521 (2]

Solving Egs.[1] and (2] yields

6=4.69° F =431kN Ans

3-7. The device shown is used to straighten the frames
of wrecked autos. Determine the tension of each segment

B
of the chain, i.e., AB and BC, if the force which the 3.50 kN f
hydraulic cylinder DB exerts on point B is 3.50 kN, as h 450 mm
shown.

400 mm 250 mm

Equations of Equilibrium : A direct solution for Fjccan be obtained by

summing forces along the y axis. ¢
+T IE =0; 3.5sin 48.37° - Fycsin 60.95° =0
fas &
Fye =2.993kN =2.99kN Ans < x
483" 6095°
Using the result Fj = 2.993 kN and summing forces along x axis, we have
5 IF =0;  3.5cos 48.3%° +2.993cos 60.95° - F, =0 3% k) K.

Fp =3.78kN Ans




e

*3-8. Determine the force in cables 43 and AC
necessary to support the 12-kg traffic light,

Equations of Equilibrium -

24
:u‘:l-; =0; Fgcos 12°-l';c(§3)=0
Eg =09814F, . m
in 12° ! -117.72=0
+TEE =0; FEysin12 +E¢ % .
0.2079F,, +0.28£,. = 117.72 (2

Solving Eqs.[1] and [2] yields

12(981)=17.72 N
Fa=29N F.=243N Ans

39. Cords AB and AC Can each sustain g maximum

te

900 — 2(800) sing = 0 »
0 = 34.2° Ans




3.10. The 500-b crate is hoisted using the ropes AB and
AC. Each rope can withstand a maximum tension of 2500
Ib before it breaks. If AB always remains horizontal,
determine the smallest angle 6 to which the crate can be

hoisted. Casel: Assume T, = 25001b
53F = 0; 2500 - T, cos@= 0 ]
Tac A 35004k
+T2E =0 T,c sind — 500= 0 x
5004
Solving,
6 = 11.31°

Tyc = 2549.51b > 25001b  (N.G!)

Case2: Assume T, = 25001b

+TZ2E =0 2500 sin@ — 500= 0

6 = 11.54° 2,5004b A Th®
5H5F = 0; T,5 — 2500 cos11.54° = 0 qu,

T,p = 2449.491b < 2500 Ib

Thus, the smallest angle is 6 = 11.5° Ans

3-11. Two electrically charged pith balls, each having a
mass of 0.2 g, are suspended from light threads of equal
length. Determine the resultant horizontal force of
repulsion, F, acting on each ball if the measured distance
between them is » = 200 mm.

A 75
- IF, =0 F - T(—)=
* ST

1502 — 752 T
+T3E = 0; 7{%} - 0.2(9.81)(107%) = 0

T = 2.266(10°) N

F= 1L13mN .2(9.81; N




Free Body Diagram : By observation, cable A B has t0 support the
entire weight of the concrete pipe. Thus,

Fiy =400 1b Ans

The tension force in cable CD is the same throughout the cable, that is
Fyc = Fyp.

Equations of Equilibrium : ’

-
=

23400 1b

>

BIE=0;  Epsin 45°~ Fysin45° =0

”;C=&¢=F

+TIE =0, 400-2Fcos 45° =0
F=FRp=Fy=283D Ans

3-13. Determine the stretch i each spring for

€quilibrium of the 2-kg block. The Springs are shown in
the equilibrium position.

Fp = 2(9.81) = X4 p(40)

*ap = 0.4905 m

1 3
ac(ﬁ) *Es(3) - 2981 = ¢
209.8)N
Fc =158 N

Xac =

82



3-14. The unstretched length of spring AB is 2 m. If t.he
block is held in the equilibrium position shown, determine
the mass of the block at D.

lr Im 4m 4"]
C F=kx =30(5-2) = 9ON L4
. 4 T 9pN
SEF =0 T cosds°® — 90('5')= 0 Az
.
Al 45 (3 .
T = 10182 N
T =0 in45° 2 w
+1 35 =0 =W + 10182 sindS° + 90(3) = 0
W = 1260N
126.0
m = 9—8—1— = 12.8kg Ans

3-15. The spring ABC has a stiffness of 500 N/m and an
unstretched length of 6 m. Determine the horizontal force F
applied to the cord which is attached to the small pulley B so
that the displacement of the pulley from the wallisd = 1.5 m.

+ 1.5 y
- IF =0 ——=(MNQ2)-F=0
,—-".25(7')( ) : T
F <—A1
T = ks = 500(/32 + (1.5)2 - 3) = 177.05 N }%T
" 6m F=158N Ans
*3-16. The spring ABC has a stiffness of 500 N/m and
an unstretched length of 6 m. Determine the displacement
d of the cord from the wall when a force F = 175N is
applied to the cord.
+ A 4
5 2E =0 175 = 2T sin@
ke T
Tsin@ = 87.5 14 =500 N/m Q|
9 =
N\
d * N
—_— | = 875 sk |6 e
T[ /324.,12} T P 6m
T = ks = 500(y/32 + d? - 3) f
3 |
d(1—- = 0.175
(- =) o
-

Probs. 3-15/16




3-17.  Determine the maximum weight of the flowerpot

that can be supported without exceeding a cable tension
of 50 Ib in either cable ABor AC.

Equations of Equilibrium :

3
S3F =0, Fsin30°-F (§)=0
F,c = 120F,, (1

4
+T2E =0, F ooos 30°+FAB(§)—W=O
0.8660F, . +0.8F,, = [2]

Since Fy ¢ > F , failure will occur first at cable A C with Fi . =50 1b.
Then solving Eq.[1] and [2] yields

Fz =41671b
W=76.61b Ans

3-18. The motor at B winds up the cord attached to the

* =0 - i =
65-1b crate with a constant speed. Determine the force in ” feo cos 65(13) =0
cord CD supporting the pulley and the angle 6 for

equilibrium, Neglect the size of the pulley at C. *Tzg =0

Fp sing - g5 _ 65(1~2) =0
13
6 = tan’'(5) = 7570 Ans

Bp = 1271b Ans




3-19. The cords BCA and CD can each support a
maximum load of 100 Ib. Determine the maximum weight
of the crate that can be hoisted at constant velocity, and
the angle 6 for equilibrium.

D
\4
. 1001b
-IE =0 100 cos @ = w(i) ~
13 0
i +*
+T 25 = o loosin9=w(ll_§)+w e
9 s
C
‘“‘\'— 0 = 787° Ans w W
W =510 Ans
134112
5 A
N B FA
\ C:':)\. M H
*3.20. Determine the forces in cables AC and AB | "
needed to hold the 20-kg ball D in equilibrium. Take F = _—r—‘
300Nandd = 1m. L sm '
o
d
A
F
Equations of Equilibrium : l*—2 o
z 0. 300-Fp| = |-F 2 |=0 D
-IF =0 AB ‘/ﬂ AC ‘/-5-
06247F, 5 +0.8944F, 0 =300 n
TIF =0 F, 5 +F, ! -1962=0
+ Iy = AB \/-4—" AC Jg
0.7809F, 5 + 0.4472F, ¢ = 196.2 (21 3
i 200N
Solving Egs.[1] and [2] yields
F =986N FEc=267N Ans

20(981)=19%62 N




3.21. The ball D has a mass of 20 kg. If a force of F =
100 N is applied horizontally to the ring at A, determine
the largest dimension d so that the force in cable AC is zero.

Equations of Equilibrium :

LI =0, 100-Fyc0s0=0 Fapcos =100

+TIE =0; Fysin 9-1962=0 Fpsin 6=1962

Solving Egs.[1] and (2] yields
0=6299° Fy=22021N

From the geometry,

d+1.5=2wn 62.99°

d=242m Ans

n
2

%
Fas
6 100N
->—X
20(981)=/96-2 N
d+5




