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Characteristic Polynomial, Eigenvalues and Eigenvectors 

of a square matrix 
 the characteristic polynomial of the matrix Compute) a:  Ex 01 

 

 
b) Deduce the characteristic polynomial of the general matrix: 

 

 
i.e., extend to n-dimensions. 

---------------------------------------------------------------------------------------------------------------- 

the characteristic polynomial of the matrix: Find : 20Ex  

 
--------------------------------------------------------------------------------------------------------------- 

equalityfollowing  Prove the  .be a square matrix                   Let :  30Ex  

 
--------------------------------------------------------------------------------------------------------------- 

be two matrices such that B and A Let )i(:  40Ex  

 
Prove that AB = BA. 

(ii) Let                        . Assume that A is invertible. Show that 

 

 
--------------------------------------------------------------------------------------------------------------- 

onsider the following matrixC : 50Ex   

 
   Find all eigenvalues and corresponding eigenvectors for the matrix A. 
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 the eigenvalues and eigenvectors of the following matrices mineerteD : 60Ex  

 
Ans: 

------------------------ 

 
Ans:  

 

 

 

-------------- 

---------------------- 

 
Ans: 

 
---------------------- 

 
Ans : 

 

 

 

----------------------- 
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--------------------------------------- 

 
Ans: 

 

 
----------------------------------------- 

 
Ans : 

 

 
 

----------------------------------------------------------------------------------------------------------------- 

 

multiplicities of the matrixDetermine all eigenvalues and their algebraic  : 7Ex 0 

 

 
 

where a is a real number. 

 

 

 

 



4 

 

University  08 Mai 45-Guelma                            By Bellaouar Djamel 

Department of Mathematics 

1202 - 2020                20 umber N Test                                       lgebra 3A 
---------------------------------------------------------------------------------------------------------------- 

Similar Matrices, Diagonalizable Matrices 
---------------------------------------------------------------------------------------------------------------- 

we , in this case(                           State the definition of two similar matrices(a) :  01Ex 

denote  A ∼ B). 

(b) Prove that : A – λ In ∼ B ⇒ A ∼  λ In +B. 

  ,  (c) Let A and B be two similar matrices, i.e 

A = PBP⁻¹ 

for some invertible matrix P, and let (λ,x) be an eigenpair of A. Show that (λ,P⁻¹x) is an 

eigenpair of B. 

 

(d) Let                                                         be a polynomial of degree r. If B = P⁻¹AP, then 

prove that 

 
---------------------------------------------------------------------------------------------------------------- 

 that similar matrices have the same eigenvalues. veorp Using two methods,:  02Ex  

---------------------------------------------------------------------------------------------------------------- 

) xxponential of a MatrieThe  e se( Prove the following implication :  03Ex  

 
---------------------------------------------------------------------------------------------------------------- 

be the matrices Band  ALet :  04Ex  

 
Prove that A is similar to B. 

Find the matrix C such that 

  
---------------------------------------------------------------------------------------------------------------- 

, IλA = Prove that . λ be a diagonalizable matrix which has a unique eigenvalue A Let:  05Ex 

where I is the identity matrix. 

---------------------------------------------------------------------------------------------------------------- 

:of the following matrixation zdiagonali Study the:  60Ex  

 
---------------------------------------------------------------------------------------------------------------- 

 : 70Ex  
Let                    be a diagonalizable matrix with sp(A) = {-1,1}. Prove that                .  

https://r.search.yahoo.com/_ylt=AwrCmnp6zo1djWUA8kMPxQt.;_ylu=X3oDMTByNXM5bzY5BGNvbG8DYmYxBHBvcwMzBHZ0aWQDBHNlYwNzcg--/RV=2/RE=1569603322/RO=10/RU=http%3a%2f%2fsites.millersville.edu%2fbikenaga%2flinear-algebra%2fmatrix-exponential%2fmatrix-exponential.html/RK=2/RS=FHBs3cKReT5RCEqPIeHF0ZKYxtA-
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for  ₂= D BP¹⁻P and ₁= D AP¹⁻P matrices withzable diagonali be two B and A Let:  Ex 08

some invertible matrix P. Prove that  AB = BA. 

---------------------------------------------------------------------------------------------------------------- 

Determine whether the matrix a) : 09Ex  

 
is diagonalizable or not. 

 

b) Let 

 
Find the values α for which the matrix          is diagonalizable.  Ans: 

---------------------------------------------------------------------------------------------------------------- 

x the matri cFor which values of  : 01Ex  

 
is diagonalisable. 

---------------------------------------------------------------------------------------------------------------- 

Consider the matrix : 11Ex  

 
    Find all the eigenvalues of A(a).      

Find the real parameter a for which the matrix A(a) is diagonalizable, and give in this case the 

diagonalization formula of  A(a). 

----------------------------------------------------------------------------------------------------------------     

Let : 21Ex  

 
   We denote by B = {1,x,x²,x³} the canonical basis of P₃[x]. Calculate              . 

  

      We ask whether  f  is diagonalizable or not. If the answer is positive, then give the 

diagonalization formula of f. 
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Exponential of a matrix, cosine(matrix), sine, log,… 

On the powers of a square matrix. How to find        ? 
---------------------------------------------------------------------------------------------------------------- 

 : 01Ex  

1. State the definition of the notion  «  Exponential of a square matrix » 

 

 2.  Calculate         , where O is the zero matrix. 

 

Let                                          . Prove that 

   
---------------------------------------------------------------------------------------------------------------- 

be the matrix ALet :  02Ex  

 
  Prove that A is diagonalizable, and deduce exp(A) . 

---------------------------------------------------------------------------------------------------------------- 

riesee sThen th .                    Let:  Theorem:   following theorem the Prove : 03Ex  

 
is absolutely convergent (then convergent).  

---------------------------------------------------------------------------------------------------------------- 

that vePro. square matrix be a A Let:  04Ex  

 
---------------------------------------------------------------------------------------------------------------- 

    Let : 05Ex  

 
     1. Find all the eigenvalues and eigenvectors of A. 

     2. Deduce that A is diagonalizable. 

     3. Compute exp(A). 

---------------------------------------------------------------------------------------------------------------- 

tricesConsider the following two ma:  06Ex  
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Verify that 

 
---------------------------------------------------------------------------------------------------------------- 

xmatri Consider the : 7Ex 0 

 
Calculate logA. i.e, find a square matrix                     such that              .   

----------------------------------------------------------------------------------------------------------------  

 vepro, Pfor some invertible matrix  ¹⁻PDP=  A  i.e; matrix ablezdiagonali be a A Let:  08Ex 

that 

 
Consider the matrix 

 
Calculate              . 

Ans : 

 
---------------------------------------------------------------------------------------------------------------- 

e eigenvalues and eigenvectors of the following matrix th mineerteD : 09Ex  

 
  For each positive integer k, calculate       .  
Ans : 

 

 
---------------------------------------------------------------------------------------------------------------- 

xmatri the eronsidC:  01Ex  

 
Compute                    . 
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System of linear recurrence sequences, 

System of Differential equations, Cayley-Hamilton Theorem 
---------------------------------------------------------------------------------------------------------------- 

 Solve the following system of linear recurrence sequences : 01Ex  

 
Ans : 

 
---------------------------------------------------------------------------------------------------------------- 

terminanted Consider the : 02Ex  

 
Prove that                                     .  Calculate the value          in terms of n. 

---------------------------------------------------------------------------------------------------------------- 

bybe the sequence given          Let:  30Ex  

 
Evaluate the following limit (in terms of the initial values x₀, x₁): 

 

 
---------------------------------------------------------------------------------------------------------------- 

of differential equations system Solve the:  40Ex  

 
:Ans 

 

 
Solve the system of differential equations 
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: Ans 

 
---------------------------------------------------------------------------------------------------------------- 

xmatri of theinverse ate the alcul, cTheorem Hamilton-Cayley Using:  50Ex  

 
---------------------------------------------------------------------------------------------------------------- 

be a square matrix with                        Let : 60Ex  

 
Prove that  

 
---------------------------------------------------------------------------------------------------------------- 

that Prove. λ x which has one eigenvalue, saya square matribe                    et  L : 07Ex  

 
Solve the system of differential equations 

 
Solve the system of differential equations  

 

 
Let A ∈ M₃(R) be a non diagonalizable matrix. Assume that  λ, λ, and μ are the eigenvalues of A with λ ≠ μ. 

Prove that 

 
Solve the system of differential equations 
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Minimal Polynomial, Trigonalizable Matrices 
---------------------------------------------------------------------------------------------------------------- 

xmatri of theial mopolyn imalnthe mi ateCalcul:  01Ex  

 
Verify that all the matrices of the form 

 
are not diagonalisable. 

---------------------------------------------------------------------------------------------------------------- 

matricesof the following  ialmopolynminimal  the etermineD:  02Ex  

 
---------------------------------------------------------------------------------------------------------------- 

 .I and A written in terms ofonly can be  Aⁿ Show that .                                                  If:  03Ex  

---------------------------------------------------------------------------------------------------------------- 

 Calculate the minimal polynomial of the matrix : 04Ex  

 
Is it diagonalizable ? 

---------------------------------------------------------------------------------------------------------------- 

Consider the matrix:  05Ex  

 
Show that A is diagonalizable.  

---------------------------------------------------------------------------------------------------------------- 

matrix n×nProve that the  : Ex 06 
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is diagonalizable. 

---------------------------------------------------------------------------------------------------------------- 

xmatri the zeTrigonali : 07Ex  

 

Calculate Aⁿ. 

---------------------------------------------------------------------------------------------------------------- 

xmatri the zeTrigonali : 08Ex  

 
Calculate  Aⁿ  for any positive integer n. 

---------------------------------------------------------------------------------------------------------------- 

xmatri the zeTrigonali : 09Ex  

 
Then, compute Aⁿ. 

---------------------------------------------------------------------------------------------------------------- 

Consider the matrix:  10Ex   

 

    1) Verify that A² = A + 2I and deduce the expression of A⁻¹ in terms of A and I, where I is 

the identity 3 by 3 matrix. 

    2) Using the proof by induction, prove that 
 

                            , 

     where 

 
3) Write the system (S) in the matrix form.     

4)  Calculate                   in terms of n. Then, deduce the expression of Aⁿ.     

5) Calculate the minimal polynomial of the matrix A. What to deduce?  

6) Solve the system of differential equations 

 


