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Course Objectives: 

 

      To enable the students  

 To come to know  volterra integral equations and Fredholm integral equations . 

 how to reduce the differential equations to integral equations . 

 

Course Outcomes:  

      On successful completion of this course the students will be able to , 

 Calculate the Laplace equation in half plane of standard functions both from the  

            definition  and by using tables.             

 Equation  with seperable kernel and Fredholm alternative approximation  

method 

 Select and combine the necessary Laplace transform techniques to solve second- 

 order ordinary differential equations . 

Calculate both real and complex forms of the Fourier series  . 

 Calculate the Fourier transform of elementary functions from the definition.  

UNIT I 

Fourier transforms: Fourier Transforms – Definition of Inversion theorem –Fourier cosine transforms - 
Fourier sine transforms – Fourier transforms of derivatives -Fourier transforms of some simple 

functions - Fourier transforms of rational function. 

 

UNIT II 

The convolution integral – convolution theorem – Parseval’s relation for Fourier transforms – solution 

of PDE by Fourier transform – Laplace’s Equation in Half plane – Laplace’s Equation in an infinite 

strip - The Linear diffusion equation on a semi-infinite line - The two-dimensional diffusion equation. 
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UNIT III 

Integral equations: Types of Integral equations–Equation with separable kernel- Fredholm Alternative 

Approximate method – Volterra integral equations–Classical Fredholm theory – Fredholm’s First, 
Second, Third theorems. 

 

UNIT IV 
Application of Integral equation to ordinary differential equation – initial value problems – Boundary 
value problems – singular integral equations – Abel Integral equation . 

 

UNIT V 

Calculus of variations: Variation and its properties – Euler’s equation – Functionals of the integral 

forms - Functional dependent on higher order derivatives – functionals dependent on the functions of 

several independent variables – variational problems in parametric form. 

 

 

SUGGESTED READINGS  

 

TEXT BOOKS 
 
1. Sneedon. I. N, (1974). The Use of Integral Transforms, Tata Mc Graw Hill, New      
    Delhi. (For Unit –I & II)  
2. Kanwal, R. P, (2013). Linear integral Equations Theory and Technique, Academic press, New York. 

(For Unit –III & IV) 
3.Elsgots, L., (2003). Differential Equations and Calculus of Variation, Mir Publication Moscow.    

(For Unit –V) 

 

REFERENCES 
 
1. Gelfand, I. M and Francis, S.V. (2000). Calculus of Variation, Prentice Hall, India.  
 
2.  Tricomi.F.G, (1985). Integral Equations, Dover, New York. 
 
3.  Larry C. Andrews and Bhimson K. Shivamoggi, (1999). The Integral transforms for Engineers ,Spie 

Press, Washington. 
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LECTURE PLAN 

DEPARTMENT OF MATHEMATICS 

 
Staff name: M.Sangeetha  

Subject Name: Integral Equations and Transforms        Subject Code:17MMU306 

Semester:III       Class:  II M.Sc Mathematics 

 

S.No Lecture 

Duration 

Period 

Topics to be Covered Support Material/Page Nos 

UNIT-I 

1.  1 Introduction to Fourier 

transforms & definition of 

Inversion Theorem 

T1:chap 2.3:pg.No:36-41 

2.  1 Fourier cosine transforms T1:chap 2.4:pg.No:42-43 

3.  1 Fourier sine transforms T1:chap 2.5:pg.No:44-45 

4.  1 Fourier transforms of derivatives T1:chap 2.6:pg.No:46-48 

5.  1 Fourier transforms of some 

simple functions 

R3:chap 2.4:pg.No:49-52 

6.  1 Problems on Fourier transforms 

of some simple functions 

R3:chap 2.4:pg.No:53-56 

7.  1 Fourier transforms of rational 

function 

R3:chap 2.4:pg.No:57-61 

8.  1 Continuation on Fourier 

transforms of rational function 

R3:chap 2.4:pg.No:62-65 

9.  1 Recapitulation and discussion of 

important questions 

 

                                                       Total  Hours 9 Hours 

UNIT-II 

1.  1 Introduction to the convolution 

integral 

T1:chap 2.9:pg.No:58-59 

2.  1 Convolution theorem T1:chap 2.9:pg.No:59-60 

3.  1 Parseval’s relation for Fourier 

transforms 

T1:chap 2.10:pg.No:61-62 



Lesson Plan 2017 -2019 
Batch 

 

Prepared by :M.Sangeetha ,Asst prof ,Department of Mathematics ,KAHE  2/4 
 

4.  1 Solution of PDE by Fourier 

transform 

T1:chap 2.16:pg.No:92-93 

5.  1 Laplace’s equation in Half plane  R3:chap 2.7:pg.No:72-74 

6.  1 Continuation on Laplace’s 

equation in Half plane  

R3:chap 2.7:pg.No:75-77 

7.  1 Laplace’s equation in an infinite 

strip 

R3:chap 2.7:pg.No:78-80 

8.  1 The linear diffusion equation on 

a semi infinite line 

R3:chap 2.7:pg.No:81-83 

9.  1 The two dimensional diffusion 

equation 

R3:chap 2.4:pg.No:84-85 

10.  1 Recapitulation and discussion of 

important questions 

 

                                                       Total  Hours 10 Hours 

UNIT-III 

1.  1 Introduction to Integral equation and 

types of integral equations 

T2:chap 2:pg.No:7-10 

2.  1 Equations with separable kernel T2:chap 2:pg.No:11-15 

3.  1 Fredholm  Alternative Approximate 

method 

T2:chap 2:pg.No:16-20 

4.  1 Continuation on Fredholm  Alternative 

Approximate method 

T2:chap 2:pg.No:21-25 

5.  1 Volterra integral equations R2:chap 1:pg.No:2-8 

6.  1 Classical Fredholm theory T2:chap 3:pg.No:31-35 

7.  1 Fredholm’s First,second,third theorems T2:chap 3:pg.No:36-39 

8.  1 Continuation on Fredholm’s 

First,second,third theorems 

R2:chap 2:pg.No:49-56 

9.  1 Recapitulation and discussion of 

important questions 

 

                                                       Total  Hours 9 Hours 

UNIT-IV 

1.  1 Introduction for Application of integral 

equation to ordinary differential 

equation 

T2:chap 5:pg.No:61-63 

2.  1 Initial value problems T2:chap 5:pg.No:64-65 

3.  1 Continuation on initial value problems T2:chap 5:pg.No:66-67 

4.  1 Boundary value problems R2:chap 4:pg.No:57-58 
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5.  1 Continuation on boundary value 

problems 

R2:chap 4:pg.No:59-61 

6.  1 Singular integral equations T2:chap 8:pg.No:165-166 

7.  1 Continuation on singular integral 

equations 

T2:chap 8:pg.No:167-168 

8.  1 Abel integral equation T2:chap 8:pg.No:169-170 

9.  1 Continuation on Abel integral equation T2:chap 8:pg.No:171-172 

10.  1 Recapitulation and discussion of 

important questions 

 

                                                       Total  Hours 10 Hours 

UNIT-V 

1.  1 Introduction to calculus 

transformations and its 

properties 

T3:chap 6:pg.No:293-298 

2.  1 Euler’s equations and related 

examples 

R1:chap 1:pg.No:5-9 

3.  1 Functionals of the integral forms  T3:chap 6:pg.No:305-310 

4.  1 Functional dependent on higher 

order derivatives 

T3:chap 6:pg.No:311-313 

5.  1 Functional dependent on the 

functions of several independent 

variables 

T3:chap 6:pg.No:314-316 

6.  1 Variational problems in 

parametric form 

R1:chap 2:pg.No:36-40 

7.  1 Recapitulation and discussion of 

important questions 

 

8.  1 Discuss on previous ESE 

question papers 

 

9.  1 Discuss on previous ESE 

question papers 

 

10.  1 Discuss on previous ESE 

question papers 

 

                                                       Total  Hours 10 Hours 

                                                                   Total Planned Hours 48 Hours 
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SUGGESTED READINGS  

 

TEXT BOOKS 
 
1. Sneedon. I. N, (1974). The Use of Integral Transforms, Tata Mc Graw Hill, 

New Delhi. (For Unit –I & II)  
2. Kanwal, R. P, (2013). Linear integral Equations Theory and Technique, Academic press, 

New York. (For Unit –III & IV) 
3. Elsgots, L., (2003). Differential Equations and Calculus of Variation, Mir Publication 

Moscow. (For Unit –V) 

 

REFERENCES 
 
1. Gelfand, I. M and Francis, S.V. (2000). Calculus of Variation, Prentice Hall, India.  

2. Tricomi.F.G, (1985). Integral Equations, Dover, New York. 
2. Larry C. Andrews and Bhimson K. Shivamoggi, (1999). The Integral transforms for 

Engineers , Spie Press, Washington. 
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                                                                 UNIT – I 

                                                             SYLLABUS 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Introduction to Fourier transforms & definition of Inversion Theorem-Fourier cosine transforms 

Fourier sine transforms-Fourier transforms of derivatives- Fourier transforms of some simple 

functions- Fourier transforms of rational function. 
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Possible Questions 
PART-B (SIX MARKS) 

UNIT I 

1.Define self reciprocal and prove that 𝑒−
𝑥2

2  is self reciprocal under the Fourier transform. 

                                                           

2.Explain about Fourier transforms of some simple functions with examples. 

3. show that the Fourier transform of f(x) = {
𝑎2 − 𝑥2 , |𝑥| < 𝑎

0 , |𝑥| > 𝑎 > 0
 is 2√

2

𝜋
 (

𝑠𝑖𝑛𝑎𝑠−𝑎𝑠𝑐𝑜𝑠𝑎𝑠

𝑠3 ).Hence  

deduce that ∫
𝑠𝑖𝑛𝑡−𝑡𝑐𝑜𝑠𝑡

𝑡3

∞

0
 dt = 

𝜋

4
. 

4. Expalin the Fourier transforms of derivatives. 

5.Prove that ℱ𝑐[𝑓 ′(𝑡); 𝜉] = − (
2

𝜋
)

1

2
𝑓(0) + 𝜉ℱ𝑠[𝑓(𝑡); 𝜉] 

6.Prove thatℱ𝑠[𝑓 ′(𝑡); 𝜉] = −𝜉ℱ𝑐[𝑓(𝑡); 𝜉] 
7.Obtain the Fourier transform of some simple functions. 

8. Obtain Fourier sine transform. 

9.Obtain the Fourier cosine transform    

10.Find the Fourier Transform of f(x) = {
𝑎 − |𝑥|, 𝑓𝑜𝑟 |𝑥| < 𝑎

0, 𝑓𝑜𝑟 |𝑥| > 𝑎 > 0 .
 .Deduce that ∫

𝑠𝑖𝑛2

𝑡2

∞

0
dt= 

𝜋

2
 

PART-C (TEN MARKS) 

11. Derive the Fourier transforms of Rational Functions 
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Introduction to The Convolution integral -Convolution theorem- Parseval’s relation for Fourier 

transforms-Solution of PDE by Fourier transform-Laplace’s equation in Half plane -Laplace’s  

equation in an infinite strip-The linear diffusion equation on a semi-infinite line 

The two dimensional diffusion equation. 
 

UNIT II 

 

SYLLABUS 
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Possible Questions 
PART-B (SIX MARKS) 

UNIT II 

1. Using Fourier transforms evaluate ∫
𝑥2𝑑𝑥

(𝑥2+𝑎2)(𝑥2+𝑏2)

∞

0
 . 

 

2.Derive the solution of two dimensional diffusion equations in an infinite region. 

 

3.State and prove Parseval’s theorem for Fourier transform. 

 

4.Obtain  Parseval’s theorem for cosine and sine transform. 

 

5.Derive the solutions of two dimensional diffusion equations. 

 

6. Find the solution of a Laplace equation in a half plane. 

 

7.Find the solutions of a Linear diffusion equation on a semi-strip 

 

8.State and proof convolution theorem for Fourier transform. 

 

9.Evaluate ∫
𝑑𝑥

(𝑥2+𝑎2)(𝑥2+𝑏2)

∞

0
 using transforms. 

 
PART-B (TEN MARKS) 

 

 

1.Derive the solution of Laplace’s equation in an infinite strip. 

2.Find the solutions of a Linear diffusion equation on a semi-strip 
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                                                  UNIT III 

                                                SYLLABUS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction to Integral equations and types of integral equations -Equation with separable 

kernel-Fredholm Alternative Approximate method- Volterra integral equations-Classical 

Fredholm theory-Fredholm’sFirst, second, third theorems 
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                                                 POSSIBLE QUESTIONS 

                                                       (SIX MARKS) 

1.Solve 𝑔(𝑠) = 1 + 𝜆 ∫ (1 − 3𝑠𝑡)𝑔(𝑡)𝑑𝑡
1

0
                                                   

2.Obtain the reduction to a system of algebraic equation. 

3.Show that the integral equation 𝑔(𝑠) = 𝑓(𝑠) +
1

𝜋
∫ sin(𝑠 + 𝑡) 𝑔(𝑡)𝑑𝑡

2𝜋

0
 passes number of           

   solution for f(s) = s it passes many solution when f(s) = 1. 

4. Find the resolvent kernel for the integral equation 𝑔(𝑠) = 𝑓(𝑠) + 𝜆 ∫ (𝑠𝑡 + 𝑠2𝑡2)𝑔(𝑡)𝑑𝑡
1

−1
 

5. State and prove Fredholm theorem for First and Second Kind. 

6. Solve 𝑔(𝑠) = 𝑓(𝑠) + 𝜆 ∫ 𝑒(𝑠−𝑡)𝑔(𝑡)𝑑𝑡 
𝑠

0
and evaluate resolvent kernel. 

7. State and prove Basic Fredholm theorem. 

8. Show that the integral equation 𝑔(𝑠) =  𝑓(𝑠) + 2 ∫ (1 − 3𝑡)𝑔(𝑡)𝑑𝑡
1

0
  will have a solution      

    if f satisfies the condition ∫ (1 − 𝑠)𝑓(𝑠)𝑑𝑠 = 0
1

0
 

9.Solve the IE and find the Eigen value of 𝑔(𝑠) = 𝑓(𝑠) + 𝜆 ∫ (𝑠 + 𝑡)𝑔(𝑡)𝑑𝑡 .
1

0
    

10.State and prove Ferholm’s First Theorem   

 
                                                       (TEN MARKS) 

 
11.Explain the Fredholm alternative approximate method. 
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Introduction  for Application of Integral equation to ordinary differential equation-Initial value  

Problems-Boundary value problems-Singular integral equations-Abel integral equation. 
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Possible Questions 

                                                           PART-B (Six Marks) 

1) Obtain the relationship between Voltera integral equation and initial value problem. 

                                                  

2) Reduce the BVP to a Fredholm integral equation 𝑦"(𝑠) + 𝜆𝑦(𝑠) = 0 

       with y(0) = 0 , y(l) = 0. 

3) Solve the homogeneous fredholm integral equation 𝑔(𝑠) = 𝜆 ∫ 𝑒𝑠𝑡𝑔(𝑡)𝑑𝑡  
1

0
 

4) Obtain the Abel integral equation. 

5) Solve y”+sy =1 , y(0)= y(1) =0. 

                       

6) Solve the integral equation 𝑠 = ∫
𝑔(𝑡)

(𝑠−𝑡)1/2

𝑠

0
𝑑𝑡 

7) Reduce the IVB 𝑦"(𝑠) + 𝜆𝑦(𝑠) = 𝐹(𝑠) , 𝑦(0) = 1, 𝑦′(0) = 0  to a voltera integral        

          equation.                                     

8) Solve the integral equation 𝑓(𝑠) = ∫
𝑔(𝑡)

(𝑠2−𝑡2)𝛼′
𝑑𝑡 , 0 < 𝛼 < 1, 𝑎 < 𝑠 < 𝑏

𝑠

𝑎
 and 

           𝑓(𝑠) = ∫
𝑔(𝑡)

(𝑡2−𝑠2)𝛼
𝑑𝑡

𝑏

𝑠
  , 0 < 𝛼 < 1, 𝑎 < 𝑠 < 𝑏. 

9) Reduce the BVP to a Fredholm integral equation 𝑦"(𝑠) + 𝜆𝑝(𝑠)𝑦(𝑠) = 𝑔(𝑠) 

        with  y(a)  = 0 and y(b) = 0. 

                                                           

10) Solve the BVP y”- y = F(s), y(0) = y(1) = 0 . 
                                            PART-C (Ten Marks) 

 

1) Reduce the boundary value problem𝑦′′(𝑠) + 𝜆𝑃(𝑠)𝑦 = 𝑄(𝑠),  y(a)=0, y(b)=0 to a Fredholm 

integral equation. 
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UNIT – V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calculus of Variations and its properties-Euler’s equation- Functionals of the integral forms-

Functional dependent on higher order derivatives-Functional  dependent on the functions of several 

 independent variables-Variational problems in parametric form. 
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Possible Questions 

PART-B (Six Mark) 
 

1) Explain about Euler equation. 

2) Find the extremals of the functional 𝑉[𝑦(𝑥)] =  ∫ 1 + (𝑦")2 𝑑𝑥
1

0
  , 

       𝑦(0) =  0 , 𝑦(1) = 1 , 𝑦′(0) =  1 , 𝑦′(1) = 1.  

3) Solve 𝑉[𝑦(𝑥)] = ∫ (𝑦2 + 2𝑥𝑦𝑦′)𝑑𝑥
𝑥1

𝑥0
  with 𝑦(𝑥0) = 𝑦0 𝑎𝑛𝑑 𝑦(𝑥1) = 𝑦1. 

4) Solve 𝑉[𝑦(𝑥)] = ∫ (𝑦 + 𝑥𝑦′)𝑑𝑥
𝑥1

𝑥0
 with 𝑦(𝑥0) = 𝑦0 𝑎𝑛𝑑 𝑦(𝑥1) = 𝑦1. 

5) Obtain variational problem in parametric form. 

6) Find the curve joining two body points rotated about absicca’s axis generated. 

7) Find the curve joining the points (0,0) and (1,0) for which the integral 

         ∫ 𝑦"2
𝑑𝑥 

1

0
 is minimum if y’(0) = a and y’(1) = b. 

8) Obtain the differential equation of the vibrating string. 

9) Find the extremals of the functional 𝑉[𝑦(𝑥), 𝑍(𝑥)] = ∫ (𝑦′2 + 𝑍′2 + 2𝑦𝑍)𝑑𝑥,
𝜋

2
0

 

       𝑦(0) = 0 , 𝑦 (
𝜋

2
) = 1 𝑎𝑛𝑑 𝑍(0) = 0 , 𝑍 (

𝜋

2
) = −1. 

10) Obtain the equation of vibrating of a rectilinear bar. 

11) Explain the functional dependent on the functions of several independent variables. 

 

PART-C (Ten Mark) 

1.On what curve can the functional 𝑉[𝑦(𝑥)] = ∫ (𝑦′21

0
+ 12𝑥𝑦)𝑑𝑥  , 𝑦(0) = 0 𝑎𝑛𝑑 

         y(1) = 1 be extremized. 
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