
 

 

Answer on Question #50729 – Math – Linear Algebra 

Show the matrix [r1= -9 4 4, r2= -8 3 4, r3= -16 8 7,] of order 3*3 is diagonalizable. Obtain the 

diagonalizable matrix P. 

Solution 

We have 

𝐴 = (
−9 4 4
−8 3 4

−16 8 7
). 

Compose the characteristic equation 

|
−9 − 𝜆 4 4

−8 3 − 𝜆 4
−16 8 7 − 𝜆

| = 0 → |𝑠𝑢𝑏𝑡𝑟𝑎𝑐𝑡 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑟𝑜𝑤 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑜𝑛𝑒|

→ |
−9 − 𝜆 4 4
𝜆 + 1 −𝜆 − 1 0
−16 8 7 − 𝜆

| = 0 → |𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑢𝑡 (𝜆 + 1) 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑟𝑜𝑤|

→ (𝜆 + 1) |
−9 − 𝜆 4 4

1 −1 0
−16 8 7 − 𝜆

| = 0 → |𝑎𝑑𝑑 𝑡ℎ𝑒 𝑓𝑖𝑟𝑠𝑡 𝑐𝑜𝑙𝑢𝑚𝑛 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑜𝑛𝑒|

→ (𝜆 + 1) |
−9 − 𝜆 −𝜆 − 5 4

1 0 0
−16 −8 7 − 𝜆

| = 0 → |𝑒𝑥𝑝𝑎𝑛𝑑 𝑎𝑙𝑜𝑛𝑔 𝑡ℎ𝑒 𝑠𝑒𝑐𝑜𝑛𝑑 𝑟𝑜𝑤|

→ −(𝜆 + 1) |
−𝜆 − 5 4

−8 7 − 𝜆
| = 0 → −(𝜆 + 1)((𝜆 + 5)(𝜆 − 7) + 32) = 0

→ (𝜆 + 1)(𝜆2 − 2𝜆 − 35 + 32) = 0 → (𝜆 + 1)(𝜆2 − 2𝜆 − 3) = 0

→ (𝜆 + 1)(𝜆2 − 2𝜆 + 1 − 4) = 0 → (𝜆 + 1)(𝜆 − 1 − 2)(𝜆 − 1 + 2) = 0 → 

(𝜆 − 3)(𝜆 + 1)2 = 0, hence  𝜆1 = 3, 𝜆2 = −1, 𝜆3 = −1. 

If 𝜆1 = 3, then 

(
−9 − 3 4 4

−8 3 − 3 4
−16 8 7 − 3

) (
𝑥
𝑦
𝑧

) = (
0
0
0

) → −8𝑥 + 4𝑧 = 0 → 𝑧 = 2𝑥; 

 −12𝑥 + 4𝑦 + 4𝑧 = 0 → −12𝑥 + 4𝑦 + 8𝑥 = 0 → 𝑥 = 𝑦. 

(
𝑥
𝑦
𝑧

) = 𝐶 (
1
1
2

), where 𝐶 ≠ 0. 

If 𝜆2 = −1  or 𝜆3 = −1, then 

(
−9 − 𝜆 4 4

−8 3 − 𝜆 4
−16 8 7 − 𝜆

) (
𝑥
𝑦
𝑧

) = (
0
0
0

) → (
−8 4 4
−8 4 4

−16 8 8
) (

𝑥
𝑦
𝑧

) = (
0
0
0

) → 𝑦 + 𝑧 = 2𝑥.  

There are 3 variables and 1 equation. 

If 𝑦 = 2, 𝑧 = 0, then 𝑥 = 1.  If 𝑦 = 0, 𝑧 = 2, then 𝑥 = 1.  

Therefore 



 

 

(
𝑥
𝑦
𝑧

) = 𝑎 (
1
2
0

) + 𝑏 (
1
0
2

), where vectors (
1
2
0

)  𝑎𝑛𝑑 (
1
0
2

) are linearly independent in ℝ3. 

Thus, matrix 𝐴 is diagonalizable, 

𝑃−1𝐴𝑃 = (
3 0 0
0 −1 0
0 0 −1

), 

where  

𝑃 = (
1
1
2

1
 2 
0

 
1
0
2

). 
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