
Individual task 3 

Fredholm integral equations. Part II 

Case 1 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 𝑥 + 𝑠 + 1;                 −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 1 + 3𝑥𝑠;                        0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ 𝑠𝑖𝑛(𝑥 + 𝑠)𝜑(𝑠)𝑑𝑠 = 1
2𝜋

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (2𝑥 − 𝑠)𝜑(𝑠)𝑑𝑠 = 𝑥

6

1

0
. 

Individual task 3 

Fredholm integral equations. Part II 

Case 2 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 4𝑥𝑠 − 𝑥2;                  −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                          −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) −  𝜆 ∫ 𝑠𝑖𝑛(𝑥) cos(𝑠) 𝜑(𝑠)𝑑𝑠 = cos (2𝑥)
2𝜋

0
. 

2.2. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

Individual task 3 

Fredholm integral equations. Part II 

Case 3 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 𝑥 + 𝑠 + 1;                 −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = sin(𝑥 + 𝑠)                    0 ≤ 𝑥 ≤ 2 𝜋,                            0 ≤ 𝑠 ≤ 2 𝜋. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

  



Individual task 3 

Fredholm integral equations. Part II 

Case 4 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 2𝑥 − 𝑠;                          0 ≤ 𝑥 ≤ 1,                               0 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = sin(𝑥) cos (𝑠)              0 ≤ 𝑥 ≤ 2 𝜋,                            0 ≤ 𝑠 ≤ 2 𝜋. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ 𝑠𝑖𝑛(𝑥 + 𝑠)𝜑(𝑠)𝑑𝑠 = 1
2𝜋

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

Individual task 3 

Fredholm integral equations. Part II 

Case 5 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 1 + 3𝑥𝑠;                        0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                          −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ (2𝑥 − 𝑠)𝜑(𝑠)𝑑𝑠 = 𝑥

6

1

0
. 

2.2. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

 

Individual task 3 

Fredholm integral equations. Part II 

Case 6 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 𝑥 + 𝑠 + 1;                 −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑥2𝑠 − 𝑥𝑠2;                    0 ≤ 𝑥 ≤ 1,                                 0 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ 𝑠𝑖𝑛(𝑥 + 𝑠)𝜑(𝑠)𝑑𝑠 = 1
2𝜋

0
. 

2.2. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

  



Individual task 3 

Fredholm integral equations. Part II 

Case 7 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = sin(𝑥) − sin (𝑠)          0 ≤ 𝑥 ≤ 2 𝜋,                            0 ≤ 𝑠 ≤ 2 𝜋. 

1.2. 𝐾(𝑥, 𝑠) = 1 + 3𝑥𝑠;                        0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) −  𝜆 ∫ 𝑠𝑖𝑛(𝑥) cos(𝑠) 𝜑(𝑠)𝑑𝑠 = cos (2𝑥)
2𝜋

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

 

Individual task 3 

Fredholm integral equations. Part II 

Case 8 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 𝑥 ⋅ 𝑠;                              0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                          −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ (2𝑥 − 𝑠)𝜑(𝑠)𝑑𝑠 = 𝑥

6

1

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

 

Individual task 3 

Fredholm integral equations. Part II 

Case 9 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 4𝑥𝑠 − 𝑥2;                  −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                          −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) − 𝜆 ∫ 𝑠𝑖𝑛(𝑥 + 𝑠)𝜑(𝑠)𝑑𝑠 = 1
2𝜋

0
. 

2.2. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

  



Individual task 3 

Fredholm integral equations. Part II 

Case 10 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 4𝑥𝑠 − 𝑥2;                  −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                             0 ≤ 𝑥 ≤ 1,                                 0 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) −  𝜆 ∫ 𝑠𝑖𝑛(𝑥) cos(𝑠) 𝜑(𝑠)𝑑𝑠 = cos (2𝑥)
2𝜋

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

Individual task 3 

Fredholm integral equations. Part II 

Case 11 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 𝑥 ⋅ 𝑠 + 𝑠2;                    0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 𝑒𝑥−𝑠;                          −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) −  𝜆 ∫ 𝑠𝑖𝑛(𝑥) cos(𝑠) 𝜑(𝑠)𝑑𝑠 = cos (2𝑥)
2𝜋

0
. 

2.2. 𝜑(𝑥) − 𝜆 ∫ (4𝑥𝑠 − 𝑥2)𝜑(𝑠)𝑑𝑠 = 𝑥
1

0
. 

 

Individual task 3 

Fredholm integral equations. Part II 

Case 12 

1. Using the Fredholm determinants method with help of recurrence relations     

𝐵𝑛(𝑥, 𝑠) = 𝐶𝑛𝐾(𝑥, 𝑠) − 𝑛 ∫ 𝐾(𝑥, 𝑡)𝐵𝑛−1(𝑡, 𝑠)𝑑𝑡 и 
𝑏

𝑎
𝐶𝑛 = ∫ 𝐵𝑛−1(𝑡, 𝑡)𝑑𝑡

𝑏

𝑎
, find the resolvent for kernels: 

1.1. 𝐾(𝑥, 𝑠) = 1 + 3𝑥𝑠;                        0 ≤ 𝑥 ≤ 1,                                0 ≤ 𝑠 ≤ 1. 

1.2. 𝐾(𝑥, 𝑠) = 4𝑥𝑠 − 𝑥2;                  −1 ≤ 𝑥 ≤ 1,                           − 1 ≤ 𝑠 ≤ 1. 

2. Solve the integral equations with help of resolvent: 

2.1. 𝜑(𝑥) −  𝜆 ∫ 𝑠𝑖𝑛(𝑥) cos(𝑠) 𝜑(𝑠)𝑑𝑠 = cos (2𝑥)
2𝜋

0
. 

2.2. 𝜑(𝑥) + ∫ 𝑒𝑥−𝑠𝜑(𝑠)𝑑𝑠 = 𝑒𝑥1

0
. 

 

 


