LINEARLY DEPENDANT AND
INDEPENDENT VECTORS




VECTOR SPACES

 Definition: A vector space V is a set that is closed under finite vector
addition and scalar multiplication.

« An operation called vector addition that takes two vectors v, w € V, and
produces a third vector, writtenv+wE V.,

* An operation called scalar multiplication that takes a scalar c € Fand a
vector v € V, and produces a new vector, written cv € V.
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LINEAR INDEPENDENCE VECTORS

J Definition: An indexed set of vectors {v,, ..., vp} in

is said to be linearly independent if the vector equation

BV LY keahx Vo =()

has only the trivial solution. The set {v,, ..., v} is said to be linearly
dependent if there exist weights c;, ..., ¢,, not all zero, such that,

¢V +ey, +..tc v =0 (1)
& pop
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LINEAR INDEPENDENCE VECTORS

* Equation (1) is called a linear dependence relation
among v, .., V, when the weights are not all zero.

* Anindexed set is linearly dependent if and only if it is
not linearly independent.

o - - - = -

* Examplel:letV, =|2[,v,=|5|and V,=| 1],




LINEAR DEPENDENCE VECTORS

. Definition: A finite set § = {x1, x2, . . ., xm} of vectors
In Rn is said to be linearly dependent if there exist
scalars (real numbers) c1, c2, . .., cm, not all of which
are 0, such that

clxl+c2x2 +...+cmxm=0.
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LINEAR DEPENDENCE VECTORS

* Any set containing the vector 0 is linearly dependent, because for any ¢

6=0,c0=0. 3.

* |n the definition, we require that not all of the scalars c1, ..., cnare 0.
The reason for this is that otherwise, any set of vectors would be
linearly dependent.

1 1 ]

* Example 1:Llet v; = (1|, v, = |—=1|and v3 = |1

1 2 4]
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MATHEMATICAL PROBLEMS

Question: S= {(1,-1,3),(1,4,5)(2,-3,-7)} C R*. SisLDorLl
Solution: We name the vectors as,
(1-1.3)=vl :(1,4.5)=v2 and (2,-3.-7) =v3

We can construct a matrix by using the vectors,

S L =3I 3
(14 5) ~(0 =5 -2)
2 =3 =7 0O 0 63

(REF)

Since there is no zero row in REF the vectors in S are Linear
Independent.




MATHEMATICAL PROBLEMS

Question: S~ {(2,1,1).(3,-4.6).(4,-9,11)] C R®. SisLDorLl
Solution; We name the vectors as,
(2,1,1)=wv1;(3,4,6)=v:and (4,-9,11) =v3

We can construct a matrix by using the vectors,

2 4 4 2 & 4
3 —4 6 ~[0 11 -9
4 -9 11 0 0 0

(REF)

Since there is a zero row in REF the vectors in S are Linear Dependent.




/Laplace Equation in Three Coordinate

System
-h{:artesian coordinates:
av oV __ oV
vV = aax +$ay +5az
and,
04, 0A, 0A,
V.= dx % ay & 0z
Knowing

ViV =V -7V
Hence, Laplace’s equation is,
9%v , 9%v |, 9%v

2% 3 s
IV V—ax2+ay2+azz—0
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» In cylindrical coordinates:

o ov__ 1oV _ oV
= V-V = ap +;%a®+az
and,
. 1a(pA)+1aA¢+6A
pap "7 p oo
Knowing
Vv =v.-vv

Hence, Laplace’s equation is,
W =2 T (pI) + 5o+ I =0
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« In spherical coordinates:

O aVv 10V 1 aV__

Vis{f =
or ar+r69 a9 +rsin96(bao

and,

1a
V- A —r—za(r Ar)+

1 04y
rsin@ 909

d .
rsin@ de (ot

Knowing
PeF= <V
Hence, Laplace’s equation is,
v 1 0 av 1 0%V

=0
r2 sin @ 00 (st é 69) r2sin @ 0092

[ 110
v r2 or (r
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