Vector Analysis

Scalar and Vector

Scalar: is a quantity like volume, temperature and time, which have
magnitude only. The scalar is number.

Vector: is a quantity like velocity, acceleration and force, which have
magnitude and direction.

The vector is represented by a directed line segment (arrow) AB from one
point A called the initial point to another point B called the terminal point,
as show in figure below.
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The magnitude or length of the vector is denoted by |Z| is a scalar quantity.

In the xy plane the components vector can be writtena A = A, T+ A, J, the
magnitude of 4 is:
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In the space, the components vector can be writtenas A = A7+ A+ A, k.
the magnitude of A is:

[A] = Ja7 + (4))" + 4,7 P

x ¥

Where i, j and k are unit vectors having the direction of the positive x,y
and z axes of a rectangular coordinate system.

7 =171 = |k| =1
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¢ Ifthe vector having zero length is called Zero vector and denoted by 0.

e Iftwo vectors A and B have the same magnitude and direction regardless
of their initial points called Equal vector, thus A = B. For example,
A=i-2f+3k and B=7-2+3k = A=§E .

e If two vectors have the same magnitude but opposite direction, such
vector called the Inverse of vector denoted by —A. For example,

A=-4.
I
2
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Direction Cosines of a Vector

The cosines of a, f and y angles are called direction cosines of the vector
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d=a, i+a,f+ak
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Note: cos?a + cos?ff + cos’y =1
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Example;
Find the direction cosines of the vector @ = 2i=3]+2k?

Sol,
ldl = J(2)? +(=3)2+(2)? = V4+9+4 = V17

a, 2 az -3 a; 2
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cos’a +cos?f +cos’y =1
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Unit Vector

The vector A having a unit vector @ in the same direction of it and given by
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Example;
Find a unit vector in the same direction of A = 7 — 2/+3 k?

Sol.

1A=y + (-2 +(3)F = Vi+4+9 = VI4

A _i-2js3k 0 _27+3E
4] — via Via via T via

Example;

Find a unit vector in the direction of the vector from Py (1,0,1) to P; (3,2,0)?
Sol,

Vector between two points (F,F;) represents the vector:
PiP; = (x2=x) T+ (2= y1)j+ (22— 2k

Then
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Example:
Find a unit vector in the direction of the vector from P(5,7, -1) to Q(2,9, -2)?

Sol.

-

PO=(2-5i+0O-7j+(-2-(-1)k = -3i+2j-k

1P0| = V(=32 + 2P+ (-1)2 =VO+4+1 =V14

PQ -3i+2j-k
Pal~ Vi

u=
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Example:

Letd=-T+3j+k and b=47+7] ,find 2a+3b,d-5 . |} d|>
Sol,
2d+3b =2(=i+ 3] + k) + 3(41+ 7))

=(-2T+67+2k)+(127T+21)) = 10i+27j+2k
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Example:
If A=27+ j+ kand B=-47+3]+ k ,findAxB ,ExAandAxA?
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3 1l7 =12 Al

=[(1+1)=(1«3)|T=[(2%1) = (1+=4)]J+[(2+3) = (1+-4)]k
= -2{-6]+10k
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BxA=|-4 3 1
2 1 1
L -4 - 3|
=l It 1 +|:>. | %
=l(3-1)-(1*1)]F-[(-4*1)-(1*2)lf+[(-4‘1)-(3~2)]7c'
= 2T+ 6]=-10k
“ AxB=-(BxA)
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Example;
Ifﬁ =7{+2j+ k and B =47 = 4]+ 7k, find the vector projection of
o B,andalso B onto A7

i (AB)
(|§|’) ’
(1-4)+(2‘-4)+(1 7)
(V@ + =02+ (7))

Aos
Sol,
projs A

(4T-47+7k)

=847 5
_16+16+49(4‘_4}+7E)
O 12 .. 2T
_5(41-4“71:) —'t-— ek
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proj; B = — A

|A]
2 = ([+2j+ k)
(sz ¥ @+ (D7)

w

=(f+2j+ k) =% +7+-k
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