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Assignment (1) - Solutions
(Statics Ch 1: Basic Principles, Ch 2: Force Vectors &
Ch 3: Equilibrium of a particle)

Question 1

*1-8. If a car is traveling at8s.5 km/h, determine its speed

In meters per second.
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Question 2

1-10. What is the weight in newtons of an object that has a
mass of: (a) 10 kg, (b) 0.5 g, and (c) 4.50 Mg? Express the
result to three significant figures. Use an appropriate prefix.

(@ W=(9.81m/s?)(10kg) = 98.1N Ans
® W=(9.81m/s?)0.5gX107kg/g) = 490mN Ans

© W= (9.81mss?)(a.5Mg)(10° kg/Mg) = 44.1 kN Ans



Question 3

*2-9. 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
clockwise from the horizontal.

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

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

F, = /B2 + 6 -2(8)(6) cos 100°
= 10.80kN = 10.8 kN Ans

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

sin @ sin 100°

6 10.80
sin 8=0.5470

9=33,16°

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

$=23316°~30°=13.16° Ans
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Question 4

2-51. If Fy = 150N and ¢ = 30°, determine the magnitude v
of the resultant force acting on the bracket and its direction
measured clockwise from the positive x axis.

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

(H); =1505in30° = 75N (F)y =150c0s 30°= 129.90N
(F3)x = 200N (R)y=0
5 12
=260 — |= = -_— =
By 50[13J 100N (RB)y =26 13] 240N

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

Y E(FR)e=2F;  (Fp)y=75+200+100= 375N —
+T2(FR)), =ZF; (Fg)y =129.90-240=-110.10N = 11001 N |

The magnitude of the resultant force Fp, is

Fr = §Fp)2 +(F)y? =43752 +110.107 = 391N Ans.

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

-1 (Fr) -1f 110.10
8= l--—------}1- = = o
tan [(FRL;] n 375J 16.4 Ans.
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(}-;_)a =/l0. 10N




Question 5

*2-52. If the magnitude of the resultant force acting on
the bracket is to be 450 N directed along the positive u axis,
determine the magnitude of F; and its direction ¢.

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

(F), = £ sing (F)y = F cosg

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

(F3)y =2 -5-)=100N (F3), =2a{£)=2401b
3 13

(Fr), = 450c0830° = 389.7IN (Fg)y = 450sin 30° = 225 1b

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

Y Z(Fr); =IF; 389.71 = F sing + 200+ 100

F sing = 89.71 1
+ T E(Fg)y =IFy; 225=F cos¢ —240
Fcos¢ = 465 @

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

¢ =109° R = 474N Ans,




Question 6

2-70. If the resultant force acting on the bracket is to be
Fr = {800j} N, determine the magnitude and coordinate
direction angles of F.

Force Vectors: By resolving Fy and F into their x, y, and zcomponents, as shown in Figs. band ¢,
respectively, Fy and F can be expressed in Cartesian vector form as
Fy = 75000845° 008 30°(+i) + 750 cos 45°sin 30°(+j) + 7505in45%(—k)
={459.28i + 265.17j— 530.33k N
F= Fcosoi+ Feos flj+ Feosk

Resuliant Force: By adding F and F vectorally, Figs. a, b, and ¢, we obtain Fg. Thus,
Fr =F +F
800§ = (459.28i + 265.17j— 530.33) + ( Feos od + FF cos flj+ Foos k)
800j = (459.28+ Feosix )i+ (265.17 + F cos B)j+(Feos y = 53033k

Equating the i, j, and k components, we have
0=455.28 + F; cosex
F coser = —459.28 n

800 = 265.17 + F cos 3
Foosfl = 53438 2)

0= Fcosy —530.33
F cosy = 53033 )]

Squaring and then adding Egs. (1), (2), and (3), yields
F2(cos2a+ cos? B +cas 2y) = T78 235.93 @

However, c0s2 &t +c0sZ §+ eos2y = 1. Thus, from Eq. (4)
F =882.1TN =882N Ans.

Substituting F = 882.17 N into Egs. (1), (2), and (3), vields
a=121° B=52T y=5.0 Ans.
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Question 7

*2-100. Two cables are used to secure the overhang boom
in position and support the 1500-N load. If the resultant
force is directed along the boom from point A towards O,
determine the values of x and z for the coordinates of point
C and the magnitude of the resultant force. Set

Fp=1610Nand F¢ = 2400 N.

Force Vectors: From Fig. o,

o (2-0is0=6§+G=0k _ 2, 6. 3
oy j+=k

B J2-02+0-62+3-02 | T 7
. _5-_ (- 0+ (0-6)j+ -0k _

J(x-{)) +(I]—6) +(_-0] Jx +:z +36 J; +3 +36 J; -I-‘ +36

Fg=Fgug =t6w[-3i-fij+9—k]= 4604 - 1380+ 690K N

6
Fre2fur=
¢ ¢ mm{‘x2+-2+36 J.t2+:2+36 JE+-2+36] €(3,0,2)m
14 400
-Jx+ +36 -Jx +:2+36 -Jx +-2+36 Te

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

Fp=-Fgj and W =[-1500k]N *
Resultant Force:

Fp =Fg +Fc +W

~Fgj= (~460i - 1380+ 690k ) [ W0 14 400 2400; ]+(1500k)

-Jr"-a- +36 -J_rz+- +36 Jx +2+36
. 2400x 14 400 2400z
Equating the i, j, and k components,
2400x 2400x
i T T ;

14400

14400
~Fp= +1380 FR = e+ 1380 2)
‘[32+:2+3ﬁ ] 2 +:2436

S

2400; 2400z
0=690+ —1500 =810 (€]
1:2-}:2+36 $:+:2+36

Dividing Eq. (1) by Eg. (3), yields

x=0.5679: )
Substituting Eq. (4) into Fq. (1), and sclving

1=2197m=220m Ans.
Substituting = 2.197 minto Eq. (4), yields

x=1248m=125m Ans.

Substituting x = 1.248 mand : = 2.197 m into Eg. (2), yields
Fp =3591.85 N =3.59kN Ans.



Question 8

¥2-120. Determine the magnitude of the projected
component of force F 4 p acting along the z axis.

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

Ly _(@5-0i+(3-0i+O-9k 3. 2. 6
7

l"lﬂ: - 2 2 2 - b
T J@5-02 £ B3-07+0-972 T 7

Thus, the force vector F ; is given by

3 2 6
F,,=F =35|=i-—j-—=k| ={1.51-1j-3k} kN
a8 = YapWlap [.?l 7.] 7 ] {L5i-1j }

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

(Fup): =F - k=(15i-1j-3k) -k
=-3kN

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

(F,5).=3kN Ans.

Bs 4 A0.0.9m
%‘&/y h‘

P34

B(4.5,-3,0) m

Fan




Question 9

.3_-39'.'_ The 30-kg pipe is supported at A by a system of
five cords. | Determine the force in each cord for
equilibrium.:

+T ZE = 0 L5 Sin60° - 30(9.81) = 0
T5 = 339.83 = 340N Ans,
. .
SIE = 0 Thp— 339.83 cos60° = 0
Tz = 170N Ans.
T 3
+TEE = o Tp(3) — 339.83sin60° = 0
Lip = 4905 = 490 N Ans,
Tac
=EE = @

4
490.5{3)+339.83m60'-1;c-0

Tae = 562N Ans.

Question 10

3—40.

The load has a mass of 15 kg and is lifted by the pulley
system shown. Determine the force F in the cord as a

function of the angle 6. Plot the function of force F versus
the angle # for 0 = 6 = 90°.

Free-Body Diagram: The tension force is the same throughout the cord.

Equations of Equilibrium:

= 2F, =10 Fsinfl — Fsinf =0 (Sati
+T2Fy=0: 2Fcosf — 14715 =10

F = {T3.6secH} N

26|




Question 11

3-61. Determine the tension developed in cables AB, AC,
and A D required for equilibrium of the 75-kg cylinder.

Force Vectors: We can express each of the forces on the free - body diagram shown in Fig. (a) in Cartesian vector form as

Fop = Fyp | Qi (15 01+ G0k =~§Fmi+§f’ml+%ﬂak
_]{—1—0)2+{L5—0)2+(3-0)2

(=1 - O)i+ (-2 —0)j+(2- Ok

Fuy =Fu

B-0i+(-4-0)j+(0- 0k
| 43— 0% +(4- 02 +(0-0)°
W =[-75(9.81K]N =[-735.75k|N

Fap =Fap

Equations of Equilibrinm: Equilibrium requires
EF=0; Fup+Fy +Fyp+W=0

_J(-] —02 +(=2- 02 +(2-0)%

1 2 2
:|— ——EF‘:i-—BFACj-I-EFAC k

3 . 4
=2 Fini-=F,
} 5 Fapi=5 “apJ

2 3 6 1 2 2 3 4
Lt 2 Fgit o Fagk [+ —= Faci- ZFac j+=Fyc k |+| ZFipi- =Fapj [+(-73575K)= 0
[ 7 7 i 7 ) ( 3 3 ] 3 ] [5 5 J ( )

ZF 1
7473
[Equating the i, j, and k components yields
2 1 3

~2Eg - 3Ec +3h0 =0 ()

3

7 3

6 2

=P + 3P -T513=0 ()

2

4
Fig -2 Fy ~3Ep=0 @

Solving Egs. (1) through (3) yields
Fup =83IN
Fy =356N
Fyp =415N Ans.

3 3 4 6 2
Far +;FAD]i+[?FAB SF‘:' _;FAD ]jﬂ-[? Fag "’;FAC —735.75]'(20

FE

Y= 75(981) N



Question 12

3-47.

Determine the stretch in each of the two springs required to

sl

hold the 20-kg crate in the equilibrium position shown. c
Each spring has an unstretched length of 2 m and a stiffness ¥
of k = 300 N/m. =
SOLUTION
Cartesian Vector Notation:
b
6i +4j + 12k 3.0, 2 ., 6 <2
e ) S i+ o
Fou = —Foaj Fop = —Fopi
4
F={-1962k} N foc.
, - fo
Equations of Equilibrium: f
ZF:‘}, FOC+FOA+FOB+F=0 s 2l lum ]
o i/ 4
[
3 (2 (6 * | fom
(?FOC - Fog)] + (?FOC - FOA).] + (?FOC - 1962)'( =10 ____LJJ
1 F=20(98)=1%2 N

Equating i, j, and k components, we have

3 X

?FOC - FOB =0 (l)

2

?FOC - FOA = 'D (2)

6

?FOC - 1962 = 0 (3)

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

Fpe = 289N Fpp=981N  Fp, = 654N

F
Spring Elongation: Using spring formula, Eq. 3-2, the spring elongation is s = .

Sop = % =0.327m = 327 mm Ans,
S04 = % = 0218 m = 218 mm Ans,





