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Definition: An ordered set of n elements x; is called n — dimensional vector or a vector of order n denoted by X.
\—/—

X=[x1x2x3.....xn] > Xow N\ /“/ 5 ! T%K
The elements x4, X, X3, ..., X, are called components of X. . d = J
X is denoted by row matrix or column matrix. COW \4#“ JecyeN” RS
( X1 /,77\
ro|*2
It is more convenient to denote it as column matrix X = [x1 X3 X3 wen e xn] =|X3 C ) 0 ,3)
L0
The vector, all of whose components are zero, is called a zero or null vector and is denoted by 0. sz'
| ) ’
( J ‘\’?J
OPERATIONS ON VECTORS:

Algebra of Vectors: Since n — vector is nothing but a row matrix or column matrix, the algebra of vectors can be ( ) 2)
developed in the same manner as the algebra of matrices. !

—_
—,
T

1. Equality of : Two n—vectors X = [x1 Xy X3 ... ..xn] andY = [yl V2 V3 - ..yn] are said to
be equal if and only if their corresponding components are equal.

For example, if X = [abc],Y =[214]andifX =Y,thena=2,b=1and c = 4

2. Addition of Two Vectors: Let X = [x1 Xy X3 ...xn] andY = [y1 Vo V3 e .yn] be two n —vectors,
thenX +Y = [xl +yix+ Y x3+ Y3, +yn]
i.e., the sum of two n — vectors is again n — vectors.

—_—

3. Scalar Multiplication: If k be any scalar and X = ngl Xy X3 .. xn] then kX@I;cl kxs ka kxn]

is again an n — vector. é 2 l/])

4. —InnerPreductof 'gwo ectors: Let X = [x1 Xy X3 . xn] andY = [y1 Vo V3 . y be two n — vectors,

dox P [71]
(Y2 |
then XYT = [x; x, X3 ... | | V3 | = [x1y1 + x2Y2 + X33 + -+ x|

@ lynJ
=X1Y1 T X2Y2 +X3Y3 + -+ XYy

Generally we omit the parentheses for a.matrix of order 1 x1..

5. Length of a Vector or NGFffm of a Vector: Let X = [x1 Xy X3 ... xn] be a vector, then the length of the— . A 4 4 K
— |
a\ﬁj |2—\-\Z’\ 'z
6. Normal Vector: A vector whose length (unitnormy-is one (unity) is called a Normat-vectst — B
i.e., Ifx? + xZ +xF+—+x5 =1then X = [x; X3 X3 ... X, | is a normal vector.

vector X is \/xlz + x5 + x2 + . +xZ and itis denoted by ||()w\)) =

If a vector is not normal, then it can be converted to a normal vector by dividing each of its components by

the length of the vector. i.e., If the vector Y = [yl V2 V3 e .yn] is not normal, then the vector "b‘,, O_’
[& 22 y—3.....z'i] is normal, where d = \/ylz +y2+y2+ 2= IV r

d d d d — - . "
For example, Let X = [213].d=vV4+1+9=V14#1 b= 1 30 )fjg'
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l% % %.....%‘J is normal, where d = \lyf + Y5+ yE+ e yE = IV dr

— n
_ . _ X
Forexample, Let X = [213].d =V + 1+ 9 =vId # 1 b= 1 30 %J:j—
y i X = i — 3 )3
- X § gg}%ogrrqagpymg yector X = [2/v14 1/V/14 3/v/14]is normal. J
R
7. Orthogonal Vector: A vector X is said to be orthogonal to a vector Y if and only if the inner product of X
and Y is zero.

For Example, Let, X =[1 —31]andY =[112]

1
=[1-31]|{1|=1-34+2=0 .. XandY are orthogonal vectors.
2
8. Linear Combination: A vector X which can be expressed in the form X = kX1 + kX, + ... .. + kX,
is said to be linear combination of the set of vectors Xq, X5, X3, .... X, . where kq, k5 , k53 ... ..., k, are any
numbers.

C\(ng) - \'(\\0,03—}— 260,1‘0')2L 3(010(])
X = W & Keda + KXz

—

&\ = | )Q\;C\/Ozo)
\?Cqsilg %2 =000

N3 =(010,)

LINEARLY DEPENDENT AND INDEPENDENT SET OF VECTORS:
Definition:
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NOTE: (i) when rank of coefficient matrix (i.e., number of non zero rows in echelon form) is equal to number of
variables then system has trivial solution and vectors are independent.
(i) when rank of coefficient matrix (i.e., number of non zero rows in echelon form) is less than number of
variables then system has non-trivial solution and it can be obtain by assigning n — r variables as
parameter and vectors are dependent.

SOME SOLVED EXAMPLES:

1. ArethevectorX; =[1342],X, =[3 —526],X3 =[2 — 13 4]linearly dependent? If so, express X;
as a linear combination of the others.

S(nb'/ Let- kl\}\l -+ \4")\1\'7 + k'?\/\'l :m @
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2. Show that the vectors Xy, X5, X3 are linearly independent and vector X, depends upon them, where
X1=[1241,X,=[2-13],X;=[012],X, =[-37 2]

83/\\0',/ C/o‘(\%&ef\( L N R NS ¥ 2R = [ @
@ (v 2 e (2 ) P xen (01 2] =0
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3/xam|ne whether the vectors X; = [11 —1],X, = [2 — 3 5], X5 = [—2 1 4] are linearly independent.
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4. Show that the following set of vectors are mutually orthogonal vectors
X1=1[2 1 21X,=[-2 2 1] X3=[1 2 -2]
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5. Find therank of the matrix A=|1 —1 2 —1| Discuss and find the relation of linear dependence
3 1 0 1
amongst its row vectors.
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6. Show that the rows of the matrix lg :3 _(19 214 are linearly dependent and express any row as a

4 -2 -4 8

linear combination of other rows.
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