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     2nd ST                                Corrected Tutorial  n°03 : EDP  & Series                                               11/2024  

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

    Exercise 01 :  

a) By the characteristics : (E1): {
y
𝜕𝑢

𝜕𝑥
−
𝜕𝑢

𝜕𝑦
− 2𝑢 = 0

𝑢(𝑥, 0) = 𝑥

   (Rectifier la condition initiale)      

                        

                                 The characteristic system :    
𝑑𝑥

𝐴
=
𝑑𝑦

𝐵
=
𝑑𝑢

𝐶
 ⇒  

𝑑𝑥

𝑦
=
𝑑𝑦

−1
=
𝑑𝑢

2𝑢
 

               

{
 

  
𝑑𝑥

𝑦
=
𝑑𝑦

−1

 
𝑑𝑦

−1
=
𝑑𝑢

2𝑢

  ⇒   {
𝑦𝑑𝑦 = −𝑑𝑥

−2𝑦 + 𝐶 = 𝑙𝑛|𝑢|
  ⇒  {

1

2
𝑦2 = −𝑥 + 𝐶1

𝑢 = 𝑒−2𝑦+𝐶
  ⇒ {

𝐶1 = 𝑥 +
1

2
𝑦2

𝐶2 = 𝑒
𝐶 = 𝑢 𝑒2𝑦

   

            

    Then :   𝜑(𝐶1, 𝐶2) = 𝜑 (𝑥 +
1

2
𝑦2, 𝑢 𝑒2𝑦) = 0  or  𝑢(𝑥, 𝑦) =  𝑒−2𝑦𝑓 (𝑥 +

1

2
𝑦2)   , 𝑓 arbitrary function. 

𝑢(𝑥, 0) = 𝑥 ⇒ 𝑓(𝑥) = 𝑥   ⇒  𝑢(𝑥, 𝑦) =  𝑒−2𝑦 (𝑥 +
1

2
𝑦2) .  

 

 

(E2) ∶ {

𝜕𝑢

𝜕𝑥
− 𝑥2

𝜕𝑢

𝜕𝑦
= 0

𝑢(𝑥, 0) = 𝑥3
                 characteristic system :  

𝑑𝑥

1
=
𝑑𝑦

−𝑥2
=
𝑑𝑢

0
  

 

{

𝑑𝑥

1
=
𝑑𝑦

−𝑥2

𝑢 = 𝐶2

    ⇒   {
−𝑥2𝑑𝑥 = 𝑑𝑦
𝑢 = 𝐶2

⇒ {𝐶1 = 𝑦 +
1

3
𝑥3

𝐶2 = 𝑢
 ⇒   𝑢(𝑥, 𝑦) = 𝑓 (𝑦 +

1

3
𝑥3)   ,   𝑓 arbitrary. 

𝑢(𝑥, 0) = 𝑥3 ⇒ 𝑓 (
1

3
𝑥3) = 𝑥3   ⇒ 𝑓(𝑥) = 3𝑥   ⇒  𝑢(𝑥, 𝑦) = 3𝑦 + 𝑥3 . 

 

 

b) By  separation of variables :  (𝐸1): {
2𝑥
𝜕𝑢

𝜕𝑥
+
𝜕𝑢

𝜕𝑦
= 0

𝑢(1,0) = 1

     Put : 𝑢(𝑥, 𝑦) = 𝑋(𝑥)𝑌(𝑦)         

 

      

𝑢 = 𝑋𝑌 ⇒   

{
 

 
𝜕𝑢

𝜕𝑥
= 𝑋′𝑌

𝜕𝑢

𝜕𝑦
= 𝑋𝑌′

    ⇒ (𝐸1):  2𝑥𝑋
′𝑌 + 𝑋𝑌′ = 0 ⇒  

𝑌′

𝑌
= −2𝑥

𝑋′

𝑋
= 𝑘  (Constante) 
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{

𝑌′

𝑌
= 𝑘

−2𝑥
𝑋′

𝑋
= 𝑘

   ⇒    {
𝑙𝑛|𝑌| = 𝑘𝑦 + 𝐶1

𝑙𝑛|𝑋| = −
𝑘

2
ln(𝑥) + 𝐶2

  ⇒  {

𝑌 = 𝐶3𝑒
𝑘𝑦

𝑋 =
𝐶4

√𝑥
𝑘

     , ( 𝑒𝐶1 = 𝐶3, 𝑒
𝐶2 = 𝐶4) 

    

              𝑢(𝑥, 𝑦) = 𝑋(𝑥)𝑌(𝑦) = 𝐶3𝐶4
𝑒𝑘𝑦

√𝑥
𝑘 = 𝐶

𝑒𝑘𝑦

√𝑥
𝑘  .  

           

              𝑢(1,0) = 1 ⇒ 𝐶 = 1 ⇒  𝑢(𝑥, 𝑦) =
𝑒𝑘𝑦

√𝑥
𝑘  .  

 

 

(E2) ∶ {

𝜕𝑢

𝜕𝑥
+ 𝑠𝑖𝑛(𝑥)

𝜕𝑢

𝜕𝑦
= 0

𝑢 (
π

2
, 0) = −2

     Put :   𝑢(𝑥, 𝑦) = 𝑋(𝑥)𝑌(𝑦) 

 

𝑢 = 𝑋𝑌 ⇒   

{
 

 
𝜕𝑢

𝜕𝑥
= 𝑋′𝑌

𝜕𝑢

𝜕𝑦
= 𝑋𝑌′

    ⇒ (𝐸2):  𝑋
′𝑌 + 𝑠𝑖𝑛(𝑥)𝑋𝑌′ = 0 ⇒  

𝑌′

𝑌
= −

𝑋′

𝑋𝑠𝑖𝑛(𝑥)
= 𝑘 

 

{
 

 
𝑌′

𝑌
= 𝑘

−
𝑋′

𝑋𝑠𝑖𝑛(𝑥)
= 𝑘

   ⇒    {
𝑙𝑛|𝑌| = 𝑘𝑦 + 𝐶1

𝑙𝑛|𝑋| = 𝑘𝑐𝑜𝑠(𝑥) + 𝐶2
  ⇒  {

𝑌 = 𝐶1𝑒
𝑘𝑦

𝑋 = 𝐶2𝑒
𝑘𝑐𝑜𝑠(𝑥)

       ( 𝑒𝐶1 → 𝐶1, 𝑒
𝐶2 → 𝐶2)    

    

        The general solution is  :      𝑢(𝑥, 𝑦) = 𝑋(𝑥)𝑌(𝑦) = 𝐶𝑒𝑘(𝑦+𝑐𝑜𝑠(𝑥))  . ( 𝐶1𝐶2 = 𝐶) 

           

              𝑢 (
π

2
, 0) = −2 ⇒ 𝐶 = −2 ⇒  𝑢(𝑥, 𝑦) = −2𝑒𝑘(𝑦+𝑐𝑜𝑠(𝑥))  .  ( particular solution )  

 

c)  By the coordinates method : (E1) ∶  {

𝜕𝑢

𝜕𝑥
+
𝜕𝑢

𝜕𝑦
= 1

𝑢(2𝑥, 𝑥) = 𝑥

      Put : {
𝑠 = 𝑥 + 𝑦
𝑡 = 𝑥 − 𝑦  

        (𝐴
𝜕𝑢

𝜕𝑥
+ 𝐵

𝜕𝑢

𝜕𝑦
= 𝐶  On Pose {

𝑠 = 𝐴𝑥 + 𝐵𝑦
𝑡 = 𝐵𝑥 − 𝐴𝑦

) 

{
 

 
𝜕𝑢

𝜕𝑥
=
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑥
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑥
=
𝜕𝑢

𝜕𝑠
+
𝜕𝑢

𝜕𝑡
𝜕𝑢

𝜕𝑦
=
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑦
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑦
=
𝜕𝑢

𝜕𝑠
−
𝜕𝑢

𝜕𝑡

       (E1) ∶ 2
𝜕𝑢

𝜕𝑠
= 1 ⇒   𝑢(𝑥, 𝑦) =

1

2
𝑠 + 𝑓(𝑡), 𝑓Arbitrary.  

 

The general solution  is :    𝑢(𝑥, 𝑦) =
1

2
(𝑥 + 𝑦) + 𝑓(𝑥 − 𝑦). 

𝑢(2𝑥, 𝑥) = 𝑥 ⇒ 𝑓(𝑥) = −
1

2
𝑥 ⇒ 𝑢(𝑥, 𝑦) = 𝑦 . 
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                   (E2) ∶ {

𝜕𝑢

𝜕𝑥
− 3

𝜕𝑢

𝜕𝑦
= 0

𝑢(0, 𝑦) = sin (𝑦)

   ,   Posons : {
𝑠 = 𝑥 − 3𝑦
𝑡 = −3𝑥 − 𝑦

   D'où 

{
 

 
𝜕𝑢

𝜕𝑥
=
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑥
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑥
=
𝜕𝑢

𝜕𝑠
− 3

𝜕𝑢

𝜕𝑡
𝜕𝑢

𝜕𝑦
=
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑦
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑦
= −3

𝜕𝑢

𝜕𝑠
−
𝜕𝑢

𝜕𝑡

 

 

(E2) ∶ 10
𝜕𝑢

𝜕𝑠
= 0 ⇒

𝜕𝑢

𝜕𝑠
= 0 ⇒   𝑢 = 𝑓(𝑡), 𝑓   arbitrary Function. 

                      Then :   𝑢(𝑥, 𝑦) = 𝑓(−3𝑥 − 𝑦) .  

 

𝑢(0, 𝑦) = 𝑠𝑖𝑛(𝑦) ⇒ 𝑓(−𝑦) = 𝑠𝑖𝑛(𝑦) ⇒ 𝑓(𝑥) = −𝑠𝑖𝑛(𝑥) 

  𝑢(𝑥, 𝑦) = 𝑠𝑖𝑛(3𝑥 + 𝑦).  

 

     Exercise 02 : 

                                   (E1): 

{
 
 

 
 𝜕2𝑢

𝜕𝑥𝜕𝑦
= 𝑥𝑒𝑦

𝑢(𝑥, 0) = 3𝑥2 + 5

𝑢(0, 𝑦) = −𝑦3 + 5

              

   

                                     
𝜕2𝑢

𝜕𝑥𝜕𝑦
= 𝑥𝑒𝑦  ⇒  

𝜕𝑢

𝜕𝑥
= ∫ 𝑥𝑒𝑦 𝑑𝑦 = 𝑥𝑒𝑦 + 𝑓(𝑥)  ⇒ 𝑢(𝑥, 𝑦) =

1

2
𝑥2𝑒𝑦 + 𝐹(𝑥) + 𝑔(𝑦) 

                                  where : 𝑓 and g  two arbitrary functions.              

        {
𝑢(𝑥, 0) = 3𝑥2 + 5

𝑢(0, 𝑦) = −𝑦3 + 5
  ⇒   {

1

2
𝑥2 + 𝐹(𝑥) + 𝑔(0) = 3𝑥2 + 5

𝐹(0) + 𝑔(𝑦) = −𝑦3 + 5
   ⇒  {

𝐹(𝑥) =
5

2
𝑥2 + 5 − 𝑔(0)   

𝑔(𝑦) = −𝑦3 + 𝑔(0)
         

                      𝐹(𝑥) + 𝑔(𝑦) =
5

2
𝑥2 − 𝑦3 + 5  ⇒   𝑢(𝑥, 𝑦) =

1

2
𝑥2𝑒𝑦 + 

5

2
𝑥2 − 𝑦3 + 5 

                        

                        (E2) ∶     
𝜕2𝑢

𝜕𝑥2
+
1

𝑥
 
𝜕𝑢

𝜕𝑥
= 0        Put :  

𝜕𝑢

𝜕𝑥
= 𝑣,   

𝜕𝑣

𝜕𝑥
=
𝜕2𝑢

𝜕𝑥2
 

                        (E2) ∶    
𝜕𝑣

𝜕𝑥
+
1

𝑥
𝑣 = 0 ⇒  

1

𝑣

𝜕𝑣

𝜕𝑥
= −

1

𝑥
  ⇒ 𝑣 =

1

𝑥
𝑓(𝑦) 

                                     
𝜕𝑢

𝜕𝑥
= 𝑣 =

1

𝑥
𝑓(𝑦) ⇒ 𝑢(𝑥, 𝑦) = 𝑓(𝑦)𝑙𝑛|𝑥| + 𝑔(𝑦).     𝑓 , g  arbitrary functions. 
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       Exercise 03 : 

                                         (E1) ∶  
𝜕2𝑢

𝜕𝑥2
− 4 

𝜕2𝑢

𝜕𝑦2
= y2     

1) La forme canonique :  

                                (∆= 𝐵2 − 4𝐴𝐶 = 4 > 0  Alors (E1) is hyperbolic equation.)                    

                           Solve the  characteristic equation :    𝐴 (
𝑑𝑦

𝑑𝑥
)
2

− 𝐵
𝑑𝑦

𝑑𝑥
+ 𝐶 = 0       

   

                                (
𝑑𝑦

𝑑𝑥
)
2

− 4 = 0 ⇒  
𝑑𝑦

𝑑𝑥
= ±2    ,       {

𝑑𝑦

𝑑𝑥
= −2

𝑑𝑦

𝑑𝑥
= 2

  ⇒ {
𝐶1 = 𝑦 + 2𝑥
𝐶2 = 𝑦 − 2𝑥

   

                              Put :   {
𝑠 = 𝑦 + 2𝑥
𝑡 = 𝑦 − 2𝑥

   ,           

{
 

 
𝜕𝑢

𝜕𝑥
= 2

𝜕𝑢

𝜕𝑠
− 2

𝜕𝑢

𝜕𝑡
𝜕𝑢

𝜕𝑦
=
𝜕𝑢

𝜕𝑠
+
𝜕𝑢

𝜕𝑡

   ⇒   

{
 
 

 
 𝜕

2𝑢

𝜕𝑥2
= 4

𝜕2𝑢

𝜕𝑠2
− 8

𝜕2𝑢

𝜕𝑠𝜕𝑡
+ 4

𝜕2𝑢

𝜕𝑡2

𝜕2𝑢

𝜕𝑦2
=
𝜕2𝑢

𝜕𝑠2
+ 2

𝜕2𝑢

𝜕𝑠𝜕𝑡
+
𝜕2𝑢

𝜕𝑡2

    

                              
𝜕2𝑢

𝜕𝑠𝜕𝑡
= −

1

64
(𝑠 + 𝑡)2    is the canonical form of (E1). 

                             
𝜕2𝑢

𝜕𝑠𝜕𝑡
= −

1

64
(𝑠 + 𝑡)2  ⇒  

𝜕𝑢

𝜕𝑡
= −

1

64

1

3
(𝑠 + 𝑡)3 + 𝑓(𝑡)   ⇒ 

𝑢 = −
1

64

1

3

1

4
(𝑠 + 𝑡)4 + 𝐹(𝑡) + 𝑔(𝑠)  ⇒   𝑢(𝑥, 𝑦) = −

1

48
𝑦4 + 𝐹(𝑦 − 2𝑥) + 𝑔(𝑦 + 2𝑥). 

              

                       (E2) ∶  
𝜕2𝑢

𝜕𝑥2
− 6 

𝜕2𝑢

𝜕𝑥𝜕𝑦
+ 9 

𝜕2𝑢

𝜕𝑦2
= 𝑥𝑦2 

                         ( ∆= 0  Alors (E2) est parabolique.) 

                         Characteristic  equation :    (
𝑑𝑦

𝑑𝑥
)
2

+ 6
𝑑𝑦

𝑑𝑥
+ 9 = 0 ⇒  (

𝑑𝑦

𝑑𝑥
+ 3)

2

= 0 

                        
𝑑𝑦

𝑑𝑥
+ 3 = 0 ⇒ 𝐶1 = 𝑦 + 3𝑥 

                       Choose 𝐶2 so that the  jacobien determinant :  𝐽(𝐶1, 𝐶2) ≠ 0 
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                        Take : 𝐶2 = 𝑥      (𝐽 = |
3    1
1     0

| = −1 ≠ 0) 

                           Put the change of variable : {
𝑠 = 𝑦 + 3𝑥
𝑡 = 𝑥

      

                            

{
 

 
𝜕𝑢

𝜕𝑥
=  
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑥
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑥
= 3

𝜕𝑢

𝜕𝑠
+
𝜕𝑢

𝜕𝑡
𝜕𝑢

𝜕𝑦
=
𝜕𝑢

𝜕𝑠

𝜕𝑠

𝜕𝑦
+
𝜕𝑢

𝜕𝑡

𝜕𝑡

𝜕𝑦
=
𝜕𝑢

𝜕𝑠

 ⇒ 

{
  
 

  
 

𝜕2𝑢

𝜕𝑥2
= 9

𝜕2𝑢

𝜕𝑠2
+ 6

𝜕2𝑢

𝜕𝑠𝜕𝑡
+
𝜕2𝑢

𝜕𝑡2

𝜕2𝑢

𝜕𝑦2
=
𝜕2𝑢

𝜕𝑠2

𝜕2𝑢

𝜕𝑥𝜕𝑦
=
𝜕

𝜕𝑥
(
𝜕𝑢

𝜕𝑦
) =

𝜕

𝜕𝑥
(
𝜕𝑢

𝜕𝑠
) = 3

𝜕2𝑢

𝜕𝑠2
+
𝜕2𝑢

𝜕𝑠𝜕𝑡

 

                              
𝜕2𝑢

𝜕𝑡2
= 𝑥𝑦2 ⇒ 

𝜕2𝑢

𝜕𝑡2
= 𝑡(𝑠 − 3𝑡)2 is the canonical form of (E2). 

      

𝜕2𝑢

𝜕𝑡2
= 𝑡(𝑠 − 3𝑡)2  ⇒  

𝜕𝑢

𝜕𝑡
= ∫ 𝑡(𝑠 − 3𝑡)2𝑑𝑡 =

𝑠2𝑡2

2
− 2𝑠𝑡3 +

9

4
𝑡4 + 𝑓(𝑠), 𝑓 Arbitrary. 

                       ⇒ 𝑢 =
𝑠2𝑡3

6
−
1

2
𝑠𝑡4 +

9

20
𝑡5 + 𝑡𝑓(𝑠) + 𝑔(𝑠), 𝑓, 𝑔 Arbitrary functions. 

               Then :  the general  solution  of (𝐸2) is :                           

𝑢(𝑥, 𝑦) =
(𝑦 + 3𝑥)2𝑥3

6
−
1

2
(𝑦 + 3𝑥)𝑥4 +

9

20
𝑥5 + 𝑥𝑓(𝑦 + 3𝑥)+ 𝑔(𝑦 + 3𝑥), 𝑓, 𝑔 Arbitrary 

                  𝑢(0,𝑦) = 0 ⇒ 𝑔(𝑦) = 0 

𝑢(𝑥, 0) = 0 ⇒
9

20
𝑥5 + 𝑥𝑓(3𝑥) = 0 ⇒  𝑓(𝑥) = −

1

180
𝑥4  . 

                 

Then : 𝑢(𝑥, 𝑦) =
(𝑦 + 3𝑥)2𝑥3

6
−
1

2
(𝑦 + 3𝑥)𝑥4 +

9

20
𝑥5 −

1

180
𝑥(𝑦 + 3𝑥)4. 

 

       Exercice 04 :   

                 1)   ∑
𝑛𝑛

2𝑛𝑛!
         

       𝑛≥1

𝑢𝑛 =
𝑛𝑛

2𝑛𝑛!
            D'Alembert     

                 we have :  |
𝑢𝑛+1
𝑢𝑛
| =

(𝑛 + 1)𝑛+1

2𝑛+1(𝑛 + 1)!
  
2𝑛𝑛!

𝑛𝑛
=
1

2
(
𝑛 + 1

𝑛
)
𝑛

  
𝑛→+∞
→     

𝑒

2
> 1  ⇒∑

𝑛𝑛

2𝑛𝑛!
𝑛≥1

   is divergent .  
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                       2)     ∑𝑛𝑙𝑛 (1 +
1

𝑛
)         𝑢𝑛 = 𝑛𝑙𝑛 (1 +

1

𝑛
) = 𝑙𝑛 (1 +

1

𝑛
)
𝑛

  

𝑛≥1

 

                                                       

                           𝑙𝑖𝑚
𝑛→+∞

𝑢𝑛 = 𝑙𝑖𝑚
𝑛→+∞

𝑙𝑛 (1 +
1

𝑛
)
𝑛

= 1 ≠ 0    ⇒    ∑𝑛𝑙𝑛 (1 +
1

𝑛
)  est divergente.

𝑛≥1

   

          

                      3)         ∑(
2

3
)
𝑛+1

𝑛≥1

  =  
2

3
∑(

2

3
)
𝑛

𝑛≥1

     Geometric serie 𝑞 < 1  , converges . 

              

                                

(

 
  Or :     𝑢𝑛 = (

2

3
)
𝑛+1

          Cauchy   :    √|𝑢𝑛|
𝑛

 = (
2

3
)

𝑛+1
𝑛
 
𝑛→+∞
→     

2

3
 < 1

 ∑(
2

3
)
𝑛+1

𝑛≥1

 converges.
)

 
 

 

                        4)     ∑(
𝑛

𝑛 + 1
)
𝑛2

𝑛≥0

      𝑢𝑛 = (
𝑛

𝑛 + 1
)
𝑛2

  ;     √|𝑢𝑛|
𝑛

 = (
𝑛

𝑛 + 1
)
𝑛

=
1

(1 +
1
𝑛
)
𝑛  
𝑛→+∞
→     

1

𝑒
 < 1    

                                                 

                                                                      ∑𝑢𝑛
𝑛≥1

 convergente. 

                       5)     ∑(√𝑛3 − 1 −√𝑛3)            𝑢𝑛 = √𝑛3 − 1 −√𝑛3 =
1

√𝑛3 − 1 + √𝑛3
    ~  

1

√𝑛3
  

𝑛≥0

 

              

                         ∑  
1

√𝑛3
𝑛≥1

    Riemann serie  α=
3

2
>1 converges. Then ∑(√𝑛3 − 1 −√𝑛3) 

𝑛≥1

is convergent. 

                         6)     ∑(
𝑛

2𝑛 + 1
)
𝑛

𝑛≥0

      𝑢𝑛 = (
𝑛

2𝑛 + 1
)
𝑛

      ;   √|𝑢𝑛|
𝑛

 =
𝑛

2𝑛 + 1
 
𝑛→+∞
→     

1

2
 < 1    

                                                 

  Then :  ∑𝑢𝑛
𝑛≥1

 converges. 

                           7)   ∑
2𝑛2

𝑛(𝑛 + 2)
𝑛≥0

      lim
𝑛→+∞

2𝑛2

𝑛(𝑛 + 2)
= 2 ≠ 0 Then  ∑𝑢𝑛 est divergente.  

𝑛≥1
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      Exercise 05 :  

                        1)    ∑𝑐𝑜𝑠 (
1

𝑛
)  ,    𝑢𝑛 = 𝑐𝑜𝑠 (

1

𝑛
) 
𝑛→+∞
→       1 ≠ 0 ;    Then :  ∑𝑐𝑜𝑠 (

1

𝑛
)

𝑛≥1

 is divergent.     

𝑛≥1

 

                        

                         2)      ∑𝑠𝑖𝑛 (
4

3𝑛
)

𝑛≥0

      ,   𝑢𝑛 = 𝑠𝑖𝑛 (
4

3𝑛
)     Put : 𝑥 =

4

3𝑛
  
𝑛→+∞
→     0,  sin(𝑥)~ 𝑥 .  

                                                      

                                              𝑢𝑛 = 𝑠𝑖𝑛 (
4

3𝑛
) ~ 

4

3𝑛
  

                                           

                    ∑ 4(
1

3
)
𝑛

   Geometric  serie  𝑞 =
1

3
< 1 converges

 𝑛≥0

.  Then :  ∑𝑠𝑖𝑛 (
4

3𝑛
)

𝑛≥0

  is convergent. 

                                   

          3)     ∑(1 − 𝑐𝑜𝑠 (
1

𝑛
))

𝑛≥1

     ,   𝑢𝑛 = 1− 𝑐𝑜𝑠 (
1

𝑛
)    Put : 𝑥 =

1

𝑛
 
𝑛→+∞
→     0,    𝑐𝑜𝑠(𝑥)~ 1 −

1

2
𝑥2 

                                                         

                           𝑢𝑛 = 1 − (1 −
1

2
 
1

𝑛2
) =

1

2
 
1

𝑛2
   and   ∑

1

2
 
1

𝑛2
𝑛≥1

    Serie of Riemann 𝛼 = 2 > 1 converges. 

                                                                  

                         Then  :  ∑(1 − 𝑐𝑜𝑠 (
1

𝑛
))

𝑛≥1

   is convergent. 

         

                             4)   ∑(−1)𝑛𝑠𝑖𝑛 (
1

𝑛2
)

𝑛≥1

   ,      𝑢𝑛 = (−1)
𝑛𝑠𝑖𝑛 (

1

𝑛2
)                

   

                                     𝑠𝑖𝑛 (
1

𝑛2
)~ 

1

𝑛2
     ∑|𝑢𝑛|

𝑛≥1

 ~ ∑  
1

𝑛2
  Serie of Riemann converges

𝑛≥1

 𝛼 = 2 > 1. 

                                         

              Then :  ∑|𝑢𝑛|

𝑛≥1

 converges  ⟹ ∑𝑢𝑛 converges.

𝑛≥1

  


