Answer on Question #83505 — Math — Linear Algebra
Question

Check whether or not the matrix

1 1 1
A=|0 -2 2
0 -2 -3

is diagonalizable. If it is, find a matrix P, and a matrix D such that P~ AP = D. If A is not
diagonalizable find Adj A.

Solution

Matrix A (3 X 3) is diagonalizable if and only if there is a basis of R3 consisting of eigenvectors of
A. So let’s find the eigenvalues and eigenvectors for matrix A.

To define the eigenvalues, we find the values of 4 which satisfy the characteristic equation of the
matrix A:
det(A—AI) =0,

where I is the 3x3 identity matrix.
Form the matrix A — Al:

1-4 1 1
A=Al ==| 0 —-2-1 2 |
0 -2 -3-1
Calculate det (A — AI). We define the determinant of a 3 x 3 matrix by the rule:
a11 Q12 Qg3

a1 Gz Az
asz; dz; dsz

ap; dzs
asz; dsz

azi a23|
as; dsz

az; a22|

aa|
Blaz; as;

=a11| |—a12|

det(A_m:(l_’D|_2—;/1 —32—;1|_1|8 —32—,1|+1|8 _2—;/1|:

=1-D((-2-DE3-D-(-2)2) =1 -D(6+51+ 212 +4)
=1 -2)A%+51+10)
Then find solutions of the characteristic equation det (4 — AI) = 0, i.e. solve the equation:
1-2DA%?+51+10)=0

1—-12=00rA2+514+10=0
Alzl

The quadratic equation A2 + 51 + 10 = 0 has not any real roots, because

A= b? —4ac =25 —-40 =15 < 0.



So we can find only one eigenvector for A. But any basis for R3 consists of three vectors.
Therefore, there is no eigenbasis for A, and so the matrix A is not diagonalizable.

Find Adj A. First, calculate the cofactors of each element.

alm -0 2
C11=(_1)“_2 _3‘=6+4=10'C12=(_1)120 _3‘20;
1+3 0 -2 2+1
C13 :(_1) 0 _2 :01 CZl :(_1) _2 _3 :_1(_3"‘2):1,
L1101 L1 1
622=(—1)220 _3‘ =-3, =D 0 _2‘ =—-1(-2) =2,
L1101 L1101
Ca =(_1)3l _o 2‘ =2+2 =4;C32 =(_1)32 0 2‘ =_1(2) = -2,
1 1
c — _1 3+3 :_2
5= (D7 _2‘
Write the cofactor matrix C:
10 O 0 10 1 4
C=|1 -3 2 ,ade=CT= 0 -3 -2].
4 -2 -2 o 2 -2

10 1 4
Answer: A is not diagonalizable;adjA=| 0 -3 -2]|.
0 2 -2
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