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Engineering Mechanics (1) - (Static)

Lec (4)

F,=200N

30°

F,=260N

(a)

)

etermine the x and y components of F1 and F2 acting on the boom shown in Fig. 2—18a.

xpress each force as a Cartesian vector.

E

¥ Solution
Scalar Notation. By the parallelogram law, F1 is resolved into x and y components, Fig. 2—-18b.
S

ince F1x acts in the -x direction, and F1y acts in the +y direction, we have
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F; =200N

E A Fyy, = 200 cos 30° N
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F,. = 200sin 30° N

(b)

Fix =-200 sin 30 = -100 N
F1y =200 cos30=173 N

The force F2 is resolved into its x and y components, as shown in Fig. 2-18c. Here the slope of

¢ the line of action for the force is indicated. From this “slope triangle” we could obtain the angle

9, g.,

D

0 = tan’( 5/12) , and then proceed to determine the magnitudes of the components in the same
¥ manner as for F1. The easier method, however, consists of using proportional parts of similar
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A = 13
- > X
NN
Fy, =260 (75) N TN

Fox /260N =12/13
Fox =260 N (12/13) = 240 N
“Similarly,
Foy=260N(5/13) =100 N
v Notice how the magnitude of the horizontal component, F2x, was obtained by multiplying the
/ force magnitude by the ratio of the horizontal leg of the slope triangle divided by the
hypotenuse whereas the magnitude of the vertical component, F2y, was obtained by
ultiplying the force magnitude by the ratio of the vertical leg divided by the hypotenuse.

im
Hence, using scalar notation to represent these components, we have
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LAl ) 60 LS pall sda Jiiadl (Scalar Notation) g dad) il pladiuly c&l.dbj

Fox =240 N =240 N Ans.
F2y=-100N =100 N | Ans.

Ep S 2SN B S B £ 2 2 Bl B B B 2 2 B B £ B 2 2 2 B e B B 2 2 2 Bl 2 B B By B 2 B B £ B 2 2 B 2o £ B 2 2 2 B B B B By B B B s B B S Bl S Ble s B S B e £

Dr.moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.co
R R B R A A A A R

Ep 2SN B B S By 2 B B B B BV £ B 2 B e B B e 2 2 Bl B B B 2 2 B B £ £ B 2 £y B B £ B B By B 2 B B EY B 2 2l B Bl £ By B By B B B B B B 2 B s B B B S 2 B £

=
2
2
w13
=
2
=
2


mailto:moawiaibrahim73@gmail.com

e EEEEEEEEEREELEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R
gl Carte3|an Vector Notation. Having determined the magnitudes and directions of the components i

o=

ﬂ}f of each force, we can express each force as a Cartesian vector.
(P S3 AaiaS B g8 (IS Joflat LiSay ¢85 S LS o ilaladil 5 ool an oy 435 lSal) cilgaally Jiadl)

F1= -100i + 173] N Ans.
F>=240i-100j N Ans.

.-“r

F, =400 N F,=600N

(a)

¢ The link in Fig. 2—19a is subjected to two forces F; and F,. Determine the magnitude and
dlrection of the resultant force.

Solution I

Scalar Notation. First we resolve each force into its x and y components, Fig. 2-19b, then we

sum these components algebraically.
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= aa
= aa
= aa
xa i
xa i

236.8 N
582.8 N

W@

400sin 45 N
=629 N Ans.
X
67.9° Ans.

(c)

(Fr)y = 600 sin 30 N + 400 cos 45 N

(b)
(Fr)x =600 cos 30 N
The resultant force, shown in Fig. 2-19c, has a magnitude of

F1 =600 cos 30i + 600 sin 30j N

tan'[582.8 N / 236.8 N]

0=

Fr = V[(236.8 N)? + (582.8 N)?]

From the vector addition,

4
+ (Fr)x = Y Fx
T+ (Frly=XFy;
Dr.moawia Ibrahim hamedelnil — moawiaibrahim73@gmail.com
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Cartesian Vector Notation. From Fig. 2-19b, each force is first expressed as a Cartesian vector.
4 4

Solution 11
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! F2 = -400 sin 45i + 400 cos 45j N

%Then,

% Fr =F1+ F2=(600 cos 30 N - 400 sin 45 N)i + (600 sin 30 N + 400 cos 45 N)j

% = (236.8i + 582.8j )N

The magnitude and direction of FR are determined in the same manner as before.
% NOTE: Comparing the two methods of solution, notice that the use of scalar notation is more
% efficient since the components can be found directly, without first having to express each force
g as a Cartesian vector before adding the components. Later, however, we will show that

ﬁf Cartesian vector analysis is very beneficial for solving three- dimensional problems.

o= =

i The end of the boom O in Fig. 2-20a is subjected to three concurrent and coplanar forces.
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Determine the magnitude and direction of the resultant force.

Solution
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‘I Each force is resolved into its x and y components, Fig. 2-20b. Summing the x components, we
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+ (FrR)x=>Fx; (Fr)x=-400 N + 250 sin 45 N —200(4 /5) N =-383.2 N=383.2 N
The negative sign indicates that Frx acts to the left, i.e., in the negative x direction, as noted by
¢ the small arrow. Obviously, this occurs because F1 and F3 in Fig. 2-20b contribute a greater

puII to the left than F2 which pulls to the right. Summing the y components yields
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250 N

(b)

+ (Fr)y=>Fy; (Fr)y=250cos45N +200(3/5) N=296.8N

The resultant force, shown in Fig. 2-20c, has a magnitude of
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296.8 N

0

Fr = V[(-383.2 N)? + (296.8 N)?] = 485 N Ans.

¢ From the vector addition in Fig. 2-20c, the direction angle u is

0 = tan-1(296.8 / 383.2 )= 37.8° Ans.

7 NOTE: Application of this method is more convenient, compared to using two applications of

! the parallelogram law, first to add F; and F, then adding Fs to this resultant.
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v 2.5 Cartesian Vectors The operations of vector algebra, when applied to solving problems in
! three dimensions, are greatly simplified if the vectors are first represented in Cartesian vector
form. In this section we will present a general method for doing this; then in the next section we

WI|| use this method for finding the resultant force of a system of concurrent forces.
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! Right-Handed Coordinate System. We will use a righthanded coordinate system to develop the

—

heory of vector algebra that follows. A rectangular coordinate system is said to be right-

0

anded if the thumb of the right hand points in the direction of the positive z axis when
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' EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R EEEEEEEE:
y the right-hand fingers are curled about this axis and directed from the positive x towards the

ﬂ}f posmve y axis, Fig. 2-21.
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i Rectangular Components of a VVector. A vector A may have one, two, or three rectangular
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@f components along the x, y, z coordinate axes, depending on how the vector is oriented relative
@r to the axes. In general, though, when A is directed within an octant of the x, y, z frame,

@f Flg 2-22, then A is represented by the vector sum of its three rectangular components,
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% Cartesian Unit VVectors. In three dimensions, the set of Cartesian unit vectors, i, j, K, is used to %
% designate the directions of the X, y, z axes, respectively. As stated in Sec. 2-4, the sense (or %
W i ) ) ) ) W
g arrowhead) of these vectors will be represented analytically by a plus or minus sign, depending g
g on whether they are directed along the positive or negative X, y, or z axes. g
% The positive Cartesian unit vectors are shown in Fig. 2-23. %
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Cartesian Vector Representation. Since the three components of A in Eq. 2-2 act in the positive

I, J, and k directions, Fig. 2-24, we can write A in Cartesian vector form as

(2-3)

Axi + Ay J + Ak

A=

i
i
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% There is a distinct advantage to writing vectors in this manner. Separating the magnitude and
4 direction of each component vector will simplify the operations of vector algebra, particularly
o

% in three dimensions.
% Magnitude of a Cartesian Vector. It is always possible to obtain the magnitude of A provided it

i, . . A
4 is expressed in Cartesian vector form. As shown in Fig. 2-25,
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A=V[AL + Ay + A%]  (2-4) i

4

% Hence, the magnitude of A is equal to the positive square root of the sum of the squares of its %
¥ components. !
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R O O O O
y & Coordinate Direction Angles. We will define the direction of A by the coordinate direction

% angles a (alpha), b (beta), and g (gamma), measured between the tail of A and the positive x, v,
% z axes provided they are located at the tail of A, Fig. 2-26. Note that regardless of where A is

% directed, each of these angles will be between 0° and 180°. To determine a, b, and g, consider

% the projection of A onto the X, y, z axes, Fig. 2-27. Referring to the colored right triangles

i shown in the figure, we have

cosa=Ax/A cosp=Ay/A cosy=A;/A (2-5)
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Fig. 2-27

¢ These numbers are known as the direction cosines of A. Once they have been obtained, the

! coordinate direction angles a, b, g can then be determined from the inverse cosines.
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.6 Addition of Cartesian Vectors The addition (or subtraction) of two or more vectors is

N

reatly simplified if the vectors are expressed in terms of their Cartesian components. For

D «Q

xample if
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[A=A+AJ+AKaNdB =B, +B,j+ Bk,
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Fig. 2-29, then the resultant vector, R, has components which are the scalar sums of the i, j, k

)

)

components of Aand B, i.e.,
LS‘ ¢ By A ¢ Ik 4] ¢ |uU3SASSMA$ &\Am‘shub)&dR c.t\.ﬂ\‘\;.ud\ o c(29 0 JE )Ja.}\
'R=A+B= (Ax+ BYi + (A + By)j + (A, + B)k

(4, + B,)j

(A, + B,)i

/

X
Fig. 2-29

If this is generalized and applied to a system of several concurrent forces, then the force

resultant is the vector sum of all the forces in the system and can be written as

AU B (g gl) apand gaia & gana () 5S5 Anilill 5 5il) (8 cAda) Jia (g 6B BaS Cya Ul Lo 4fiba g 138 apen 23 13)
IS LS (S

FR=YF=YFKi+>F/j+>Fk (2-10)
i Here YFx, SFy, and Y Fz represent the algebraic sums of the respective x, y, zor i, j, k

components of each force in the system.
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e A
y Carte3|an vector analysis provides a convenient method for finding both the resultant force and

)

|ts components in three dimensions.
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