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Answer the Following Questions (Total mark 50 points)

F=1000 N

Question 1: (5 Points)

Determine the xand ) components of the 1000 N force
shown in Figure.

F=1000 N

F,=-1000 cos 30°
=-866 N

F, = 1000 sin 30°
=500 N




Question 2: (5 Poaints)

Determine the magnitude of F4 and its direction 0 so
that the resultant force is directed along the positive x
axis and has a magnitude of 1250 N.

F, = /(1250)2 + (800)% — 2(1250)(800)cos 30
Fo= 686 N
Fg Ey

sina sin 30

Fp sin 30

a = sin™t ( ) =35.7

Fg
0 =90 —a =54.3°
Another Solution:
R, =YF,;  1250=F,sin 0 +800 cos 30°

Fasin 6 =557.2 (a)
R, =X F,; 0 = F, cos B -800 sin 30°

Fa cos 6 =400 (b)
Solving (a) and (b), gives:
FA=686N and B =54.3°



Question 3: (8 Poaints)

Determine the tension developed in each rope used

to support the 40-kg chandelier.

Equilibrium of Point D:

> E.=0; Fo,pcos30—Fpgcos45=0

Fpp cos 45

c0s 30 - 0816FDB """

Fep =
D Fy =0; F;psin30+ Fppsin45—-40(98)=0 ------ (2)

Solving (1) and (2) :  0.408 Fpp + 0.707 Fpp = 392

Thus, Fpp =351.6 N and F.p = 2869 N
Equilibrium of Point B: Foe
Y E=0; Fgc—Fgacos30+ Fgpcosd5=0 N
Fye = 0.866 Fy, — 0.707 Fgp - 3)
S F,=0; Fgysin30—Fpysin45=0 - 4) W0EEN
Solving (3)and (4):  Fgy= 1.414Fp5 = 497.2 N
Fea

FCB - 182 N




Question 4: (8 Points)

The articulated crane boom has a weight of 400 N l_15m |
and a center of gravity at G. If it supports load of =
1200 N, determine the force acting at the pin Aand
the force in the hydraulic cylinder BC when the f 3m ﬁ’

boom is in the position shown. > ¥ e

A
Iy 400 N
1.5m

at

L‘Mm

c 0.4m 1200 N

Fy cos 40 * (0.4) + Fg sin 40 = (0.4) — 400  (1.5) — 1200 * (3.4) = 0

Fg =8305N.m Ans
YE, =0; —Ay,+ Fgcos40 =0
- A, = 6362 N Ans
Y F, =0; —Ay + Fgsin40 — 400 — 1200 = 0
- A, = 37384 N Ans

y
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Question 5: (5 Poaints)

Two forces F and F; act on a bracket as shown in
Figure. If the resultant force of F and F; is directed
along the positive yaxis, determine the magnitude
of the resultant force and the coordinate direction
angles of F so that § < 90°,

X
Force Vectors: By resolving F; and F into their x, y, and zcomponents, as shown in Figs. a and b,
respectively, F) and F can be expressed in Cartesian vector form as F, = 600N
F; = 600c0s30°sin30°(+1) + 600 cos 30°cos30 °(+j) + 600sin 30°(-k)
={259.81i+450j~ 300k} N
F = 500c0s ai + 500 cos fj+ 500 cosrk

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

Fp =FRj
Resultant Force:

Fg =F;+F
Frj =(259.81i + 450j — 300k)+ (50008 8§ + 500 cos Oy, j + 500cos .k )
Frj =(259.81+ 500 cos &2)ii + (450+ 500 c0s B )j+ (500cosy —300)k

Equating the i, j, and k components,
0= 25981+ 500coscx
o =12131° =121° Ans.
Fgp =450+ 500c0s 8 1)

0= 500cosy — 300
y =53.13° = 53.1° Ans.

However, since cos’a + cos> +oos’y =1, e =121.31° and y = 53.13°,

008 B = +f1-cos2 12131° - cos2 53.13° = 0.6083

If we substitute cos 8 = 0.6083 into Eq. (1),
Fp = 450 + 500(0.6083)= 754 N Ans.

B = cos 1 (0.6083) = 52.5° Ans.



Question 6: (5 Points)

A boy exerts a force F= (20 /— 200 k) N on a
swing as shown. The force acts at the boy's center of
mass G. Determine the moment created by £ about
the axis AB The coordinates of bearings at A is
(1,0.5, 2.5) and at bearing Bis (1, 1.5, 2.5).

Given: A:(1,05,25) ; B:(1,15,25); F=(20i—200k) N
G:(1.5,1,0.5) ,

rAG:O.5i+O.5j-2k

MA=I‘AGXF

ik
Ma=10.5 0.5 -2
20 0 =200

=-100i — (-100+40)j+(-10 k)
= (-100i + 60j -10 K) N.m
The axis AB is parallel to y-axis. So, the moment about the axis is: 60 N.m.
OR
Mag= Ma.Upg = (-100i + 60j -10 K).(j) = 60 N.m



Question 7: (8 Poaints)

Two forces act on the post as shown in Figure. 1 T =
Replace the two forces by an equivalent force-couple om
system at point O.

- T ” T ¥
Equivalent Resoltant Force: The forces Fg and Fp , Fig. g, expressed in Cartesian vector ~
form can be written as
Q2R+ O-0J+ OBk |55 gkjkn
| (0-0)? +(6- 0)% + (0~ 8)
[ (2-0)i+(-3-0)j+(0—6)k
| (2-0)2 +(-3-0)% +(0- 6)>

FB=FB“AB=5

Fp =Fpucp =7 ]=[2i—3j—6k]kN

The resultant force Fp, is given by
Fp =ZXF; Fg =Fg +Fp
=(3j— 4k)+(2i—-3j-6k)
=[2i- 10k]kN Ans.

Equivalent Resultant Force: The position vectors rgg and rg- are
rop ={6j} m roc =[6k]m

A (0;0,3)""

cg6m

;(Q_fj T \g’"ﬂw

Thus, the resultant couple moment about point O is given by

(MR)O =IMO; MR}G =rop KFB + I XFD D(Z,'3,Q)M
i j k| |i j k
=0 6 0|+ 0 6

3 3 - @) ~
=[-6i+12j]kN-m  Ans. g - S

Mg, =3My; 10750d = -3500(3)- 5500(17)~ 1750(25)

d= 1371t Ans.



Question 8: (8 Poaints )

Replace the loading shown by an equivalent single
resultant force and specify the xand ycoordinates
of its line of action.

A:(0,3,0); B:(3,3,0); C:(2,0,0)
The Equivalent system at the Origin:
1. Summing the moment about the origin:
M= 3j ~ (-400 k) + (3i+3j ~ (-600 k) + 2i ~ (200 k)
=-1200i + (1800 j—1800i)—400 j
=-3000i + 1400 j

2. Theresultant: R=-400 k -600 k + 200 k =-800 k

The Single Resultant is : R =-800 k and acts at point (x, y, 0), where:
(xi+yj)*(R)=M
(xi+yj)"(-800k) = -3000i+ 1400 j

800 x j— 800 y i= -3000 i + 1400 j
x = (1400 /800 ) = 1.75 m

and y =(3000/800)=3.75m

Good Luck and Happy New Year
Dr. Bishri Albcdel-Ma'emen



