ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

Eigen values and Eigen vector

1. Let T:R? — R? be a linear operator given given by
T(a,b) = (—2a + 3b,—10a + 9b). Let B be an ordered
basis of R? with A = [T]p. (i) Find the matrix A (ii)The
eigen values and eigen vectors of T.

Solution
Given, T(a,b) = (—2a + 3b,—10a + 9b).
Since B is the standard basis of R?
A=|[T]p = [__120 3]
To find the Eigen values:
The characteristic equationis |[A — AI| = 0
A2 —85,1+S5,=0
S; =Sum of the leading diagonal elements
= =249 =7
S, =|Al =-18+30 =12
A2—71+12=0
A=3,1=4
A = 3,4 are the Eigen values of A

To find Eigen vectors:
Solve the equation (A—-2DX =0 we

w2 o2 ()0

Case 1: When A = 3, from (a) we get
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(5o &)Ge)=0
—10 6/ \x2

_le =F 3x2 = 0
_10x1 =F 6x2 = 0

Since the two equations are same, consider

_le + 3x2 = 0
_le = _3x2
X1 X2
3

X1=3,xZ=5

Hence the Eigen vector corresponding to A =3is E; =
3

(5)

Case 2: When A = 4, from (a) we get

(—_160 g) (2) =0

—6x; +3x, =0
—10x; + 5x, =0
Since the two equations are same, consider
—6x; +3x, =0
—6x; = —3x,

X1 X2
3 6
X1 X2
1 2
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x1=1,x2=2

Hence the Eigen vector corresponding to A =41s E;, =
1
(2)

2. LetT: P,(R) — P,(R) Dbe the linear operator defined
by T(f(x)) = f(x) + (x + 1) f'(x). Let g = {1, x, x*} be
an ordered basis of P,(R) with A = [T]g. Find (i) The

matrix A (ii)The eigen values and eigen vectors of T.
Solution
Given, T:P,(R) =» P,(R) be the linear operator

defined by T(f(x)) = f(x) + (x + 1) f'(x) .... (1)
Let B = {1,x, x?} be an ordered basis of P,(R)
Tofind A =[T]g

Let, (f(x)) =1.Then f'(x) =0
(M=>TD)=1+(x+1).0=1=11+0.x + 0.x?

1
The first column of [T]ﬁ = [0]
0

Let, (f(x)) =x.Then f'(x) =1
MM=2TEX)=x+x+1).1=1+2x=11+2.x + 0.x?

1
The second column of [T] g = [2]
0
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Let, (f(x)) = x2%. Then f'(x) = 2x
(D=>T(x?) =x%+(x+1).2x = 2x + 3x?
=0.1+2.x+ 3.x2

0
The third column of [T][,» = [2]
3

1 1 0
A=[T]ﬁ=[0 2 2]
0 0 3
Since A is an upper triangular matrix, the eigen values are
A=123
To find Eigen vectors:

Solve the equation (A — AX =0

1-1 1 0\ /%1
0 2-2 2 |[x2]=0..w@
0 0 3-1/\x;

Case 1: When A = 1, from (a) we get

0 1 0\ /*
0 1 2|[(*2]=0
0 0 2/ \*3

Ox; +x, +0x3 =0...(1)
Ox; +x, +2x3 =0...(2)
Ox; + 0x, + 2x3 =0...(3)
Solving the two distinct equations (1) and (2) by the rule

of cross multiplication, we get
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X1 X2 X3
> — = — = —
1 0 0

x1=1,x2=0,x3=0

Hence the Eigen vector corresponding to A =11s E; =

2

Case 2: When A = 2, from (a) we get

-1 1 0\ /*1
< 0O O 2) (xz =0
0 0 1/ \x3

—x1 +x;, +0x3 =0...(4)
Ox; +0x, + 2x3 =0...(5)
Ox; +0x, + 1x3 =0...(6)
Solving the two distinct equations (4) and (5) by the rule

of cross multiplication, we get
X1 X2 X3
= = =
2—0 0+2 0-0

X1 Xz X3
> — = — = —

2 2 0
X1 X2 X3
> — = — = —
1 1 0

x1=1,x2=1,x3=0

Hence the Eigen vector corresponding to A =21is E, =

4

Case 3. When A = 3, from (a) we get
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-2 1 0\ /%1
0 -1 2][*2]=0
0 0 0/ \Xx3

—2x1 +x, +0x3 =0....(7)
Ox; —x, +2x3 =0...(8)
Ox; +0x, + 0x3 =0...(9)
Solving the two distinct equations (7) and (8) by the rule
of cross multiplication, we get

X1 X2 X3

— — =
2—0 0+4 2-0
X1 Xz X3

z o
2 4 2
X1 X2 X3

> — = — = —
1 2 1

X1=1,XZ=2,X3=1

1
Hence the Eigen vector correspondingto A = 3 is E;, = (2)
1
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