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Cartesian Vector Form in 3D

Given A=A +A +A, z
Cartesian unit vectors |,

j, k are used for the
directions of x, y, 7.

A=Aji+Aj+AKk

The magnitude of vector 4 j/A.f + A7 + A?
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The orientation of vector z
A is determined by the

coordinate direction =
angles a, 3, y measured Y
between the tail of A and IR
the positive x, y, z axes. Ay
Note : ( All angles are

between 0 and 180 X

degrees)
A A A-

COS O = — cCos B = — COS v = —=
A p A / A

These numbers are known as direction cosines
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e

: A _p :
Unit vector, u, = vy Where ,A=A,i+Aj+Ak

A A A
=_Xo+_o +_
ALY A Tk

=cosoi+cosPj+cosyk

cos?al + cos?f3 + cos?y =1
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Example 1 - ©®UIM

Determine the coordinate direction angle B

and eEXPress the force as a Cartesian vector.
[Answer : p = 111.4° ,F = {20.5i-21.9j+ 520k} N]

60N z
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Concurrent Force System

e The resultant force is the vector sum of all the
forces in the system.

Fo=SF=SFi+ZFj+3Fk
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Example 2

Three forces acting on a hook. Determine the
resultant force F, and the coordinate direction
angles. [answer: F,=1I55N,a=7220p =529 y= 42.6° ]

t




If the coordinate direction angles of a force is not given
but two points through which it passes, we can use
position vector & unit vector to deduce the force in
Cartesian vector form.

\_ /

Direction Angles known

Passing Points known

(XpVpZp)
ék\\
F

F=Fcosal+ Fcosf]+ Fcosyk
=Fi+Fj+Fk

F=Fu

—Fi+Fj+Fk

T
Q
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Position Vector

Definition : location of a fix vector in space
relative to a reference origin.

z z

9) r zk

Note the head-to-tail vector addition of
the three components yields vector r.
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Z
r=rg—r, r
(xBi_I' yB]_I_ ZBk) A(XAIyAlZAV e
R (xAi—I_ yA]—I_ ZAk) M y
rz(XB'XA)i'l'(yB'yA)j X
+ (z5- 2, )k 2

| (Zg-zp)k

Note the head-to tail of the (XB “X,)i
three components yields r.

(Vg-Ya)i
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Example 3
The position vector r acting from point A(-2,-

5,6) to B(4,3,-1) in Cartesian vector form are

shown below. Determine the distance

between points A and B and the coordinate
direction angles. fnswer:r=122m,a= 6050, p= 49.00- y= 125.0° ]

Z
A(-2,-5,6)

V
X B(4,3,-1)
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3D Static Problems

©UIM

The direction of a force in 3D can be identified
by 2 points which its line of action passes.

Method :

Formulated F as a
Cartesian vector by using
unit vector u = r/r since it
has the same direction
and sense as the position
vector r directed from
point D to point E.

z E/F
D/u
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Procedure to Analyze a Force Vector

Along a Line

1. Compute the position vector r directed from A
to B its magnitude.

2. Compute the unit vector u = r/r which defines
the direction and sense of both r and F.

3. Determine F by combining its magnitude F and
direction u. i.e, F=F u.
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Example 4 - ©UIM

The diagram below shows a force F= 250N is
applied to the chord which is attached to the
top of a 6m pole. Express force F as a
Cartesian vector; and determine its coordinate

direction angles.
[Answer : F = {123 i+ 163.9]- 1434k} N, o= 60.5° p= 49.0°,y=125.0°]
Z

A(-2,-5,6)

250N

B(4,3-1)
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Dot Product

Definition : X-Y=|X]|Y]|cos 0, where, (0°<6 < 180°)
Properties : scalar product of vectors

Usage : widely used to solve 3D problems
Z
X
7 Y 0=?
>
Note: If X is perpendicular to Y 3D
(6 =0), X-Y =0 since cos90 =0
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Dot Product Laws of Operations

Commutative law: ;
A-B=B-A , B

Multiplication by a scalar:
a(A-B)=(aA)-B=A-(aB)=(A-B)a

Distributive law:
A-(B+D)=(A-B)+(A-D)
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Dot Product of the Cartesian Unit Vectors

i-i=(1)(1) cos0°=1
i-j=(1)(1) cos90°=0
j.j:ll k'k=1, i-k:O’ j.k:O

Dot product of two general vectors A and B.

A-B=(Ai+Aj+Ak) (Bii+B,j +Bxk)
= A, B, (i-i) + A B, (ij) + A B, (i-k)

+A, B, (ji) + A B, (j+j) + A, B, (k)

+A, B, (ki) + A, B, (k) + A, B, (k-k)

A-B=AB+A B, +A,B,




Application of Dot Product in Force Vectors

1. The angle formed between two vectors or
intersecting lines.

B = cos- ( ) where, (0° <0 < 180°)

A=A4i1+4)+AKk
B=Bi+Bj+Bk

0=">
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2. The components of the vector parallel and

perpendicular to a line.

AL

A

A =Acos B =A-u (since, u=1)

Let A (projection of
A on the line) be the
component of vector
A which collinear
with the line aa’.

Hence, the scalar projection of A along a line is
determined from the dot product of A and the unit
vector u which defines the direction of the line.
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The component A can be expressed as
A" =AcosOu=(A-u)u

A
A _
AL A=A +AL
a 0 > u a’ AJ_=A_A"
A||=Acos€)u

There are 2 ways of obtaining AL .

a. Obtain 8 = cos? (A-u/A),then A1 =Asin0

b. If A) is known, A1 = V A2 —A”2
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Example 5 R @

(a) Determine the angle 6 between vector F, and F,.

(b) Find the magnitude of the projected component
of F, along F, , and the projection of F, along F;.

[ Answer : (a)F,=[ 5.57i - 3.22] + 7.66k]N
F,=[3.0i +4.24j - 3.0k]N 0 = 109.4°
(b) F1||2 =-3.32N, F2"] =-20N ]




ocw.utm.my @UTM

LR PETLON A aTB

Example 6

The force F= (20i + 40j + 90k) N acts at the
end of a pole as shown in the figure below.
Find the magnitude of the F, and F, which is
along and perpendicular to the pole.

[Answer : F;=18.75 F,=97.7N, 0=79.2°]




