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OBJECTIVES : 
To introduce the basic concepts of PDE for solving standard partial differential equations. 
To introduce Fourier series analysis which is central to many applications in engineering apart 
from its use in solving boundary value problems. 
To acquaint the student with Fourier series techniques in solving heat flow problems used in 
various situations. 
To acquaint the student with Fourier transform techniques used in wide variety of situations. 
To introduce the effective mathematical tools for the solutions of partial differential equations 
that model several physical processes and to develop Z transform techniques for discrete time 
systems. 
 
UNIT I              PARTIAL DIFFERENTIAL EQUATIONS      12 
Formation of partial differential equations – Singular integrals - Solutions of standard types of first 
order partial differential equations - Lagrange’s linear equation - Linear partial differential equations of 
second and higher order with constant coefficients of both homogeneous and non-homogeneous types. 
 
UNIT II             FOURIER SERIES         12 
Dirichlet’s conditions – General Fourier series – Odd and even functions – Half range sine series –Half 
range cosine series – Complex form of Fourier series – Parseval’s identity – Harmonic analysis. 
 
UNIT III        APPLICATIONS OF PARTIAL DIFFERENTIAL EQUATIONS   12 
Classification of PDE – Method of separation of variables - Fourier Series Solutions of one 
dimensional wave equation – One dimensional equation of heat conduction – Steady state solution of 
two dimensional equation of heat conduction. 
 
UNIT IV           FOURIER TRANSFORMS        12 
Statement of Fourier integral theorem – Fourier transform pair – Fourier sine and cosine transforms – 
Properties – Transforms of simple functions – Convolution theorem – Parseval’s identity. 
 
UNIT V            Z - TRANSFORMS AND DIFFERENCE EQUATIONS    12 
Z-transforms - Elementary properties – Inverse Z-transform (using partial fraction and residues) – 
Initial and final value theorems - Convolution theorem - Formation of difference equations – 
Solutionof difference equations using Z - transform. 
 
                                                                                                            TOTAL : 60 PERIODS 
OUTCOMES : 
Upon successful completion of the course, students should be able to: 
Understand how to solve the given standard partial differential equations. 
Solve differential equations using Fourier series analysis which plays a vital role in engineering 
applications. 
Appreciate the physical significance of Fourier series techniques in solving one and two 
dimensional heat flow problems and one dimensional wave equations. 



Understand the mathematical principles on transforms and partial differential equations would 
provide them the ability to formulate and solve some of the physical problems of engineering. 
Use the effective mathematical tools for the solutions of partial differential equations by using 
Z transform techniques for discrete time systems. 
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UNIT -I 
PARTIAL DIFFERENTIAL EQUATIONS 

PART – A (2-Marks Questions) 
1. Explain the formulation of PDE(Partial differential equation) by elimination of    
     arbitrary conditions. 
    Solution: 
               Let 0),,,,( bazyxf  …. (1) Be an equation which conditions two arbitrary     
    Constants ‘a’  and ‘ b ’. Partially differentiating (1) with respect to (w .r .to) x  and y  We get  
    two more equations using these three equations we can eliminate the two arbitrary constants  
    a and b and finally we get the required  PDE 
2. Form a PDE by eliminating the arbitrary constants from z= ax + by 
      Solution: 
           Given byaxz    …..  (1) 

                    
apa

x
z



  …… (2) 

                    
bqb

y
z



  …… (3) 

          Substituting (2) & (3) in (1), we get qypxz  which is the required PDE 
3. Eliminating the arbitrary constants aand b from abbyaxz   
     Solution: 
        Given abbyaxz            …..  (1) 

                 
apa

x
z



          …… (2) 

                 
bqb

y
z



            …… (3) 

            Substituting (2) in (1) & (3) in (1), we get pqqypxz  , which is the required PDE 
4. Form a PDE by eliminating the arbitrary constants from 22 )()( byaxz   
     Solution:                                                                              [AU M/J  2009, 2007] 
       Given: 22 )()( byaxz           …..  (1) 

                2
)(2 paxax

x
zp 



 …… (2) 

                2
)(2 qbyby

y
zq 



 …… (3) 

      Substituting (2)&(3) in(1), we get 
22

22















qpz , 224 qpz  , which is the required    

      PDE 
5. Form a PDE by eliminating a  and b  form ))(( 2222 byaxz   
    Solution:                                                                               [AU M/J 2007 N/D 2009] 
           Given:   ))(( 2222 byaxz    …..  (1) 

                         
)(2 22 byx

x
zp 



 
x
pby

2
22       ……  (2) 
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)(2 22 axy

y
zq 




y

qax
2

22        ….. (3) 

               Substituting (2)&(3) in (1), we get      
x

p
y

qz
22


  

                                                                          
xyzpq 4  , which is the required PDE 

6. Form a PDE by eliminating the arbitrary constants in 1)()( 22  byaxz  
      Solution:                                                                   [AU M/J 2011 N/D 2007,2008] 
              Given: 

                                 
1)()( 22  byaxz  …..  (1) 

                                 
)2.....(

2
)(2 paxax

x
zp 



  

                                  

q2(y-b)  y-b .....(3)
2

zq
y


   


 

            Substituting (2)&(3) in(1), we get     1
2
q

2

22
















pz
 

                   
44 22  qpz ,   which is the required PDE 

7. Form a partial differential equation by eliminating the constants aand b from    
    nn byaxz      
     Solution:                                    [AU M/J  2008, 2009]     
             Given:  

                         
nn byaxz  …..  (1) 

                         1
1


 




 n
n

nx
paanx

x
zp           ……  (2) 

                         
1

1


 



 n
n

ny
qbbny

y
zq             ….. (3) 

        Substituting (2) & (3) in (1), we get 

                      

n
n

n
n y

ny
qx

nx
pz 11    

                      
 qypx

n
z 

1  

           nzqypx   , which is the required PDE 
8. Form a partial differential equation by eliminating the constants aand b form    
    22 byaxz                              
     Solution:                                                                                          [AU N/D 2013] 
         Given: 22 byaxz                      …..  (1) 

                     x
paax

x
zp

2
2 




           ……  (2) 

                     y
qbby

y
zq

2
2 




             ….. (3) 
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            Substituting (2) & (3) in (1), we get 

                 
22

22
y

y
qx

x
pz   

                 
 qypxz 

2
1  

             zqypx 2  , which is the required PDE 
9. Form a partial differential equation by eliminating the constants aand b from    
     33 byaxz    
     Solution:                                                [AU M/J 2014] 
          Given: 33 byaxz                       …..  (1) 

                      2
2

3
3

x
paax

x
zp 



           ……  (2) 

                       
2

2

3
3

y
qbby

y
zq 



             ….. (3) 

             Substituting (2) & (3) in (1), we get 

                     

3
2

3
2 33

y
y
qx

x
pz   

                    
 qypxz 

3
1  

          zqypx 3  , which is the required PDE 
10. Form a PDE by eliminating the arbitrary constants from )3)(2( 2 byaxz   

Solution:                                                                                [AU A/M 2008,2009] 
    Given   byaxz  32 2     …..  (1)

 

              
  by

x
pbyx

x
zp 



 3
4

34   ……  (2) 

                     
  axqax

y
zq 



 22 2
3

32   ….. (3) 

            Substituting (2) & (3) in (1), we get     xzpq 12  , which is the required PDE 
11. Form a PDE by eliminating the arbitrary constants from 1)()( 222  zbyax  

Solution:                                                                             [AU M/J 2011, N/D 2007,2008] 
         Given 1)()( 222  zbyax   …..  (1) 
         Partially differentiating with respect to (P.d.w.r.to) ‘ x ’ & ‘ y ’ we get 

              zpaxzpax  02)(2      ……  (2) 

              zqbyzqby  02)(2        ….. (3) 
        Substituting (2) & (3) in (1), we get 

            1)()( 222  zzqzp  

                  1)1( 222  qpz  , which is the required PDE 
12. Find the PDE of the family of sphere having their center on the line zyx   

Solution:                                                                                                    [AU N/D 2004] 
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         The equation of the sphere is 2222 )()()( razayax  …..  (1) 
           P.d.w.r.to ‘ x ’ & ‘y’ we  get 
                  0)(2)(2  pazax  

                         0)(  pazax  
                     0)1()(  pazpx  

                       p
zpxazpxpa





1

)1(  ……  (2) 

       0)(2)(2  qazay  
                     0)(  qazay  
                 0)1()(  qazqy  

                    q
zqyazqyqa





1

)1( ….. (3) 

           From (2) & (3)    
q
zqy

p
zpx









11

 

                   ))(1()1)(( zqypqzpx   
              pqzpyzqyzpqzpqxx   
            xyzxqyzp  )()( , which is the required PDE. 
13. Obtain the PDE by eliminating the arbitrary constant aand b from    

       baxyxyz  22

  
       Solution:        [AU N/D 2011, A/M 2007] 

               Given: baxyxyz  2
1

22 )(  …..  (1) 

                    
)2()(

2
1 2

1
22 xaxyy

x
zp







 ……  (2) 

                          
2
1

22 )( axx
y
zq 



   ….. (3) 

                (3) xqax  2
1

22 )(  

                                       
222 )()( xqax  ….. (4) 

        Substitute (4) in (2), we have 

                            2
1

2 
 xqxyyp  

                               1 xqxyy  

                             xq
xyy



xq

xyxqy





)(  

               xyxyyqxqp  )(  

                qyxqp  )(  
14. Find the partial differential  equation by  eliminating the arbitrary function f from the  
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       relation )( 22 yxfz   
       Solution:           [AU A/M 2008, N/D 2017] 
          Given:  

                 )( 22 yxfz   …..  (1) 
              d.p.w.r.to‘ x ’ & ‘y’ we  get , 

                       
)2( )(' 22 xyxf

x
zp 



  

                   x
pyxf

2
)(' 22    ……  (2) 

                       
)2( )(' 22 yyxf

y
zq 



  

                   y
qyxf

2
 )(' 22 
   ….. (3) 

                       From (2) & (3), we have 

                           
qxpy

y
q

x
p





22

 

                                0 qxpy  , which is the required PDE 

15.  Form a PDE by eliminating the function from the relation 







x
yfz   

       Solution:                              [AU N/D 2005, 2014] 

              Given: 







x
yfz      …..  (1) 

             P.d.w.r.to ‘ x ’ & ‘ y ’ we get, 

                    






 











 2'
x

y
x
yf

x
zp  

                            y
px

x
yf

2

' 







    ……  (2) 

                    



















xx

yf
y
zq 1'  

                             
qx

x
yf 





 '      ….. (3) 

                      From (2) & (3) we get, 

                                 
qx

y
px


 2

qxypx  2  

                            0 qypx , which is the required PDE 
16. Form a PDE by eliminating the arbitrary function f from the relation      

        








 x

y
gxz log122
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      Solution:       [AU N/D 2011, A/M 2007] 

            Given: 







 x

y
gxz log122    …..  (1) 

                P.d.w.r.to ‘ x ’ & ‘ y ’ we get, 

                        





















x

x
y

gx
x
zp 1log1'22   ……  (2) 

                        







 













 2

1log1'2
y

x
y

g
y
zq  

                          

2log1'2 qyx
y

g 







      ….. (3) 

                Substitute (3) in (2), we have 

                           x
qyxp

2

2 
x

qyx 222 


   
2 22px x qy   

                     
22 2xqypx   

17. Eliminating the arbitrary function f from 







z
xyfz  and form the PDE. 

        Solution:          [AU A/M 2004, 2007] 

                     








z
xyfzGiven  

             P.d.w.r.to x &y we get, 

                         






 











 2'
z

xypzy
z
xyf

x
zp   …..  (1) 

                                         xypzy
pz

z
xyf









 2

'   ……  (2) 

                        






 











 2'
z

xyqzx
z
xyf

y
zq  

                                       xyqzx
qz

z
xyf









 2

'   ……  (3) 

            From (2) & (3), we have 

                        xyqzx
qz

xypzy
pz






22

 

                     )()( yqzpxxpzqy   
                    pqxypxzpqxyqyz   
                      qypx  , which is the required PDE 
18. Eliminating the arbitrary functions f and g from )()( iyxgiyxfz   to obtain a  
      partial differential equation involving zyx ,, . 
       Solution: 
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                       Given )()( iyxgiyxfz   

                                 
)(')(' iyxgiyxf

x
zp 




 

                                 
)(')(' iyxigiyxif

y
zq 




 

                                 
)('')(''2

2

iyxgiyxf
x
zr 





 

                                 
)('')(''2

2

iyxgiyxf
y
zt 





 

                           
02

2

2

2









y
z

x
z

 
19. Solve  x

x
z sin



           
[AU A/M 2007, 2008]

 
       Solution: 

                            Given:  x
x
z sin

  

                 Integrating partially with respect to y 

                         
sin sinz x x xdx

x


  
    

                              cosz x c   , where )(xf  is  arbitrary. function 

20. Solve 0
2





yx
z

 

       Solution: 

                   Given: 0
2





yx
z

 

                         
0














y
z

x
 

                        Integrating partially with respect to ‘ x ’ 

                                         
)(yf

y
z










  

                        Again integrating    yyfz )(  

                                             )()( xdyFz   
                                      yyfyF )()(  
 
21. Solve 1 qp       [AU A/M 2008, N/D 2017] 
       Solution: 

             1  qpGiven    …..  (A) 
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        This is of the type 0),( qpF  
             The trial solution is cbyaxz   …..  (1) 
         To find complete integral (C.I): 

                        

(1)

zp a
x
zq b
y

       
 

  …..  (2) 

              1 ba  [Using (2) in (A) ] 

                          )1( ab   
                             

2)1( ab      …..  (3) 
          Substitute (3) in (1) we get       cyaaxz  2)1(  …..  (4) 
                Which is  a Complete Integral. 
    To find singular Integral (S.I): 
                             There is no S.I for this type 
     To find general Integral (G.I): 
                       Let )(afc  in (4), we get 

                         )()1( 2 afyaaxz                 …..  (5) 

                      
0)('

2
1)1(20 






 



 afy

a
ax

a
z )    …..  (6) 

            Eliminating ‘ a ’ from (5) & (6) we get the general solution of the given pde. 
22. Find the complete integral  and Solve pqqypxz 2 [AU A/M 2018, N/D 2004] 
       Solution: 

                     pqqypxz 2Given       …..  (1) 
               This is of the type 
                      ),( qpfqypxz  (Clairaut’s form) 
                The C.I is abbyaxz 2  
        To find singular Integral (S.I): 

                             
00)1( 





a
bx

a
z

 

                                           a
bx    …..  (2) 

                                        
00 




b
ay

b
z

 

                                         b
ay    …..  (3) 

                        Eliminating ‘ a ’ & ‘b ’ from (2) & (3) we get 
                                       1xy , which is singular integral 
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),( qpfqypxz 

23. Solve pq
p
y

q
x

pq
zofegralCompletetheFindORpqqypxz  int)()( 2

3
  

                                         [AU N/D 2005, 2009 , N/D 2016] 
       Solution: Multiply both sides by pq 
             2

3
)(  pqqypxzGiven   

                Complete integral is  2
3

)(abbyaxz   
24. Find the complete integral of  

22 qpqypxz   
       Solution:                                 [AU N/D 2008] 

               
22   qpqypxzGiven 
                   This is the type 

                     The C.I is 
 
25. Solve yxqp         [AU N/D 2007, A/M 2008] 
       Solution: 
                     yxqpGiven     
                                   kyqpx   
                                   kyqkpx  ,  
                                         ykqkxp  ,  

                          qdypdxz  

                              dyykdxkx )()(  

                           2
)(

2
)( 22 ykkx 



  

                     
22 )()(2 ykkxz   

26. Solve the equation qyxyp log2                  [AU N/D 2001, A/M 2005] 
       Solution: 
                              qyxypGiven log2   
                      kqyFpxF  ),(),( 21  
                                      qxpy log)2(   

                             
k

y
qxp 

log2  

                                           kxp  2   0log  kyq  
                                            kxp  2   kyq log  

     
kyeq   

                          qdypdxz  

                             dyedxkx ky)2(  

22 babyaxz 
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c

k
ekxxz

ky

 )( 2  

                     This is C.I. there is no S.I 
27. Solve the equation zyqxp tantantan   
       Solution: 
             Given: zyqxp tantantan   
                      Lagrange’s type RQqPp   
                      Here xp tan , yQ tan , zR tan  

                      The S.E is 
R
dz

Q
dy

P
dx

  

                         z
dz

y
dy

x
dx

tantantan


 
                       Take 

                             y
dy

x
dx

tantan
  

  z
dz

y
dy

tantan


  

                    ydyxdx cotcot   
Integrating on both sides                                zdzydy cotcot   

                1log)log(sin)log(sin cyx 

 
2log)log(sin)log(sin czy 

 

              
1log

sin
sinlog c

y
x









              2log

sin
sinlog c

z
y







  

                              
1sin

sin c
y
xu 

                   
2sin

sin c
z
yv   

 
              The solution of the given PDE is 

                                    
0

sin
sin,

sin
sin









z
y

y
x

 
28. Find the solution of zyqxp      [AU A/M 2006, 2007,2010] 
        Solution: 

                     zyqxpGiven   

              Lagrange’s type RQqPp    here xp tan , yQ tan , zR tan  

            The S.E is 
R
dz

Q
dy

P
dx

  

                         z
dz

y
dy

x
dx


 

             Taking 
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                                       y
dy

x
dx

             
z

dz
y

dy


 

                                    
 

y
dy

x
dx

           
z

dz
y

dy
 

                                     1222 cyx            2222 czy   

                                       1cyx               2czy   

                             1cyx         2czy   

                                          yxu      zyv   
 
                 The solution of the given PDE is   0,  zyyx  
 
29. Write the subsidiary equation for zyxqypx )(22                          
        Solution: 

                                 zyx
dz

y
dy

x
dx

)(22 


 

30. Find the general solution of 09124 2

22

2

2














y
z

yx
z

y
z  

       Solution: 
                          The auxiliary equation is 09124 2  mm  

                                                     8
14414412 

m  

                                                     
 2

3,2
3m  Equal roots 

                                         
1 2

3 3
2 2

z f y x xf y x                        

31. Find the solution of 04 2

2

2

2









y
z

x
z

    
[AU A/M 2005, 2006]

 
       Solution: 
                             The auxiliary equation is 014 2 m  

                                                                  2
1

4
12  mm  

                              





























 xyfxyfz

2
1

2
1

21

 
32. Solve the equation 

2 33 ' '( 3 2 ) 0D DD D z                          [AU A/M 2018]
        Solution: 

                          The auxiliary equation is 3 3 2 0m m    
                                                          2( 1) 2 0m m m     
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                                                                 ( 1) 1 2 0m m m     
                                                                   1,1, 2m    

                                           1 2 3 2z f y x xf y x f y x        

33. Solve 0)44(
2''23  zDDDDD  where 

y
D

x
D








 '
' ,

 
       Solution: 
              The auxiliary equation is 044 23  mmm  
                                                    0)44( 2  mmm  
                                                                            2,2,0m  
                                            1 2 32 2z f y f y x xf y x       
34. Find the P.I of xezDDD  )4( '2  
       Solution: 

                       
xe

DDD
IP '2 4

1.


                         0,1  ba  

                              
yxe

DDD
0

'2 4
1 




                      
        Replace 1D , 0' D  

                              
yxe 0

)0)(1(41
1 


  

                          P.I xe  
35. Find the P.I of yxezDDD  )( '2  
       Solution: 
            To find P.I: 

                        

 

 
yx

yx

yx

e
DD

x

e

e
DD

IP
















'

2

2

2

11
1

)'(
1.

 

                    
yxexIP 

2
.

2

 , 1D , 1' D  

36. Find C.F of 0)2( '2  zDDD                 
       Solution: 
                   The auxiliary equation is 022  mm  
                                                           0)2( mm  
                                                            2,0  mm  
                               )2()0(C.F 21 xyfxyf   
37. What is the C.F of  yxzDDDD  )44( 2'2                  
       Solution: 
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                           The auxiliary equation is 0442  mm  

                                                                          2,2
0)2( 2




m
m

 

                                               )2()2(C.F 21 xyxfxyf   
38. Write the particular integral of )sin()( '2 yxzDDD   
       Solution: 

                
)sin(1. '2 yx

DDD
IP 


   1',1,1 2'2  byDbyDDbyDreplace  

                       1 sin( ) sin( )
1 1 (2 )

xx y x y
D D

   
  

 

                       
)cos(

2
yxx





 

39.  Find the PDE of the family of spheres having their centers on the z-axis. 
       Solution:                                                                                      [AU N/D 2015]

                  Let the centre of the sphere be (0,0,c) a point on the z-axis and its radius. 
                 Its equations is 

                                          
2222 )0()0()0( kzyx 
 

                                           
)1...(..........)(., 2222 kczyxie 

                  Here c and k are arbitrary constants 
                 Differentiating (1) w.r.to x, we get 

                                 
0)(22 





x
zczx  

                                       0)(  czpx  …… (2) 

                                 
2y 2( ) 0zz c

y


  


 

                                   0)(22  czqy  
                                       0)(  czqy  …. (3) 
              Eliminate ‘c’ from (2) & (3), we get 
                      0)(   )2(  czpx  

                                                p
xcz 

  

                                    q
ycz 

  )3(  

                                                  q
y

p
x 



 

                                                    pyqx   
40. Solve the equation 0)( 3'  zDD  
       Solution: 
                    The auxiliary equation is 
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                            0)1( 3 m  
                                      1,1,1m  
                )()()( 3

2
21 xyxxyxxyz    

41. Form the PDE by eliminating the arbitrary function from 







z
xfxyz 2  

       Solution: 

                    The given equation is 







z
xfxyz 2  ….. (1) 

                    Diff (1) p.w.r.to x, we get 

                            






























2

)1(
'2

z
x
zxz

z
xfy

x
zz  

                            




 






 2'2

z
xpz

z
xfyzp   …..  (2) 

               Diff (1) p.w.r.to y, we get 

                          






























2

)0(
'2

z
y
zxz

z
xfx

y
zz  

                            











 2'2

z
xq

z
xfxzq   …. (3) 

                                  xq
xpz

xzq
yzp









2
2

)1(
)2(

 

                 pxxzxzpqqzxyqxzpq 22 222   
                                   pxxzqzxyq 222   
              xzxyqqzpx  22 2  

               xzqzxypx  )2( 22
 

42. Find the complete integral of qxp 2  
       Solution: 
                  Given qxp 2 , this equation is of the form 0),,( qpxf  
                      Let  aq   
                  Then axp 2   
                   Put  qdypdxdz   
                            adydxaxdz   2  
                 Integrating on both sides we get, 

                              cayaxz  2
  …. (1) 

                Equation (1) is the complete integral of the given equation. 
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                   Since the number of a.c =number of I.V 
                Differentiating p.w.r.to c, we get 01  
                          Hence there is no singular integral. 
               General integral can be found out in the usual way. 
 
43. Solve 0)1')(1(  zDDD      [AU N/D 2012] 
       Solution: 
                   Given 0)1')(1(  zDDD  
                              0)]1('][1'0[  zDDDD  
                rule, by working  
          costants    ),( ,0)( If abitraryiscwheremxyfezthenzcmDD cx    

  1,0, 11  cmhere  
                                            1,1 22  cm  

                                  )()0( 21 xyfexyfez xx    

                                     )()( 21 xyfeyfez xx  
 

44. Solve  0
2

2

2














x
z

yx
z

x
z

                                                         [AU N/D 2013] 

       Solution: 

                     Given 0
2

2

2














x
z

yx
z

x
z

 
                                            2 0D DD D                              
         ( 1) 0D D D           
The roots are m = 0, 1  and c = 0, -1                                  

   
0

1 2

1 2

( 0 ) ( )
( ) ( )

x x

x

z e f y x e f y x
z f y e f y x





   

  
 

                                     
45. Solve   0'44  zDD                                         [AU M/J 2014] 
       Solution: 
                              Given: 0)'( 44  zDD  
         The auxiliary equation is  014 m  

                                   0)1)(1( 22  mm  

                                                            iim  ,,1,1  

                                )()()()( 4321 ixyixyxyxyz    
46. Find the complete integral of pxq 2                                                    [AU M/J 2015] 
       Solution: 
                  Given pxq 2 , this equation is of the form  
                        ),(),( 21 pxFpxF   
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                      Let  kpxq 2  

                     
x
kp

kpxkq

2

2




 

                           qdypdxz  

                                kdydx
x

k 1
2

 

                              bkyxk
 log

2
 

               Which is the complete integral of the given equation. 
               Hence there is no singular integral. 
 
47. Form the partial differential equation by eliminating the arbitrary constants ‘a’ and  
     ‘b’ from  bayxaz  )1log(                                                                    [AU A/M 2015] 
      Sol: 
            )1(....................)1log( bayxaz   
          Partially differentiating w.r.t ‘x’ and ‘y’ we get 

                                     1
1

1



ap

az
 

                                                )1(  azap  
                                      1)(  pza  

                                )2........(..........1
pz

a


  

                                      aaq
az


1

1
 

                                 )3....(..............................1 azq  
     Sub. (2) in (3), we get 

                                 1



pz

zq  

                                                      
pz

pzz



  

                                       ppzq  )(  
                                        ppqqz   

                                         zqqp
pqpqz




)1(  

48. Find the complete solution of 1 qp .                                            [AU N/D 2014] 
      Solution: 
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)1.....(..........1 qp  

       This is of the type 0),( qpF  
       The trial solution is )2......(..........cbyaxz   

                        )3.........(..........






















b
y
zq

a
x
zp

 

    Sub. (3) in (1), we get 

                              
)4.......(....................1

1
ab

ba



 

    Using (4) in (2), we get  
                          cyaaxz  )1(       Which is C.I 
49. Form the partial differential equation by eliminating the arbitrary functions from    
            0),( 22  xyzyxf               [AU M/J 2016] 
      Solution: 

      Given       0),( 22  xyzyxf  

                                            
22 yxu             xyzv   

  ypvxu xx  2  

  xqvyu xy  2  

                                     

0













y
v

x
v

y
u

x
u

  

                            
0

22


 xqyp
yx

 

                         0)(2)(2  ypyxqx  
                       02222 22  yypxxq  
                                           

22 2222 yxypxq   
               

22 yxypxq  , which is the required PDE 
50 Find the complete solution of the partial differential equation 033  qp     
       Solution:         [AU M/J 2016] 

Given: 

            033  qp  
0),( qpf  

        cbyaxz   
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 bqapHere  ,  

  033  ba  
  

33 ba    a b   
                cayaxz   
51. Solve 0)3'2)(1'(  zDDDD        [AU N/D 2015] 
       Solution: 
                   Given  
                                0)3'2)(1'(  zDDDD  
                              0)]3('2][1')1([  zDDDD  
                rule, by working  
          costants    ),( ,0)( If abitraryiscwheremxyfezthenzcmDD cx    

  1,1, 11  cmhere  
                                            3,1 22  cm  

                           )2()( 2
3

1 xyfexyfez xx  
 

52. Form the partial differential equation by eliminating arbitrary function ‘f’ from    

       )( byxfez ay          [AU A/M 2017] 
      Solution: Given         )( byxfez ay    -------(i) 
            Differentiate Partially (i) w.r.t x, and y 
                          )2()(  byxfep ay  
                           )3()(  bbyxfaeq ay  
            Compare 2 and 3 

                         )( byxfeabq ay      q ab p            q ab
p

   

53. Solve 0)128( 3''23 2

 zDDDDDD                                         [AU A/M 2017] 

      Solution: Given 0)128( 3''23 2

 zDDDDDD  

                       The auxillary eqn. is 012823  mmm  
                              The three roots are  m = 2, 2, -3 

       xyfxyxfxyfzFC 322. 321   
54. Find the PDE of all spheres whose centre lie on the x-axis.           [AU N/D 2016] 
       Solution: The eqn. of the sphere whose centre lie on the x-axis is  

                                1)( 222  zyax  
         Diff. partially w.r.to x and y is  
                            02)(2  zpax  
                          022  zqy   
                           0 zqy   Which is the required PDE 
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                                                               PART –B 
 

PROBLEMS BASED ON LANRANGE’S LINEAR EQUATIONS 
 

1. Solve )()()( yxzqxzypzyx                       [AU N/D 2011, 2014 A/M 2018] 
     Solution: 
                        Given )()()( yxzqxzypzyx   
                               Lagrange’s type RQqPp   

                       The S.E is  
R
dz

Q
dy

P
dx

  

                                )()()( yxz
dz

xzy
dy

zyx
dx








 

             Choosing 1, 1, 1 as a Lagrange’s multipliers, we get each of ratio are equal to 

                            0
dzdydx

zyzxxyyzxzxy
dzdydx 





 

                              0)(  zyxd  

                              0)( zyxd  

                                    1czyx   

                                                zyxu   

          Choosing  
zyx
1,1,1

 as Lagrange’s Multipliers, we get 

                              0

111111 dz
z

dy
y

dx
x

yxxzzy

dz
z

dy
y

dx
x







 

                                          
0

z
dz

y
dy

x
dx

 

                                   
0  z

dz
y

dy
x

dx

 
                                2loglogloglog czyx   

                                   22 ;log)log( cxyzcxyz   
                                                xyzv   
       Result: The solution of given PDE is 0),(  xyzzyx  
 
2. Solve    mx -y=z)q-(nx+ny)p-(mz ll                                     [AU N/D 16 , A/M 16] 
     Solution: 
                    Given mx -y=z)q-(nx+ny)p-(mz ll  
                       This is of the form Lagrange’s type 
                                     RQqPp   
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                             The S.E is 
R
dz =

Q
dy =

P
dx

 

                                          mx)-y(
dz =

z)-(nx
dy =

ny)-(mz
dx

ll  
                             Choosing l , m , n  as Lagrange’s multipliers we get 

                    0mx)-yn( +z)-m(nx +ny)-(mz
ndz)+dy m+dx( ndzmdyldx

lll
l 

  

                                           0 ndzmdyldx  
                                     0  ndzmdyldx  
                                                    1Cnzmylx    
                                                  unzmylx   
        Using Lagrange’s multipliers zyx ,, we get each of above ratio is equal to 

                         0mx))-yz( +z)-y(nx +ny)-(x(mz
dz) z+dyy +dx(x zdzydyxdx

ll


  

                                    0=dz z+dyy +dxx  

                           0=dz z+dyy +xdx   

                          
2

 222
2

222

2C = z+y+ x;  C = 
2
z+

2
y+

2
x

 

                                               
222 z+y+  x=v  

      Result:   0 =v)(u,  is PDEgiven    ofsolution  The   

                           0 =) z+y+xnz,+my+x( 222l  
3. Solve 3x-2y=

y
z 2z)-(4x+

x
z  4y)-(3z





                            [AU N/D 2008 ,M/J 2000] 

     Solution: 

                      
3x-2y=

y
z 2z)-(4x+

x
z  4y)-(3zGiven 







 
                           Lagrange’s type ܲ݌ + ݍܳ = ܴ 

                                  The S.E is 
R
dz =

Q
dy =

P
dx      

                                                3x -2y
dz =

2z-4x
dy =

4y-3z
dx

 

                       ratio above  theofeach  s,multiplier sLagrange' as zy, x,Using  

                      0
dz z+dyy +dxx  =

3xz-2yz+2yz-4xy+4xy-3xz
dz z+dyy +dxx    

                                          0=dz z+dyy +dxx  

                                 0=dz z+dyy +xdx   
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1

 2221
222

c = z+y+ x;  
2
c = 

2
z+

2
y+

2
x

 

                                                
222 z+y+  x=u  

                           toequal is ratio aboveeach  multiplier sLagrange' as 4 3, 2, Choose  

                                 0
dz 4+dy 3+dx 2 =

12x)-8y+6z-12x+8y-(6z
dz 4+dy 3+dx 2

 

                                               0= dz 4+dy 3+dx 2  

                                        0=dz4+dy3+dx2   

                    4z+3y+2x=v;   c =4z+3y+2x   2  

       Result:     0 =v)(u, is PDEgiven  ofSolution  The   

                                0 =4z)+3y+,2xz+y+ x( 222  

4. Solve xy     -z=zx)q-(y+yz)p-(x 222
             [AU N/D 2007,10,A/M 2002,2015, 2016] 

     Solution: 
                          Given xy-z=zx)q-(y+yz)p-(x 222  

                                   R = Qq + Pp  typesLagrange'  

                                   The S,E 
R
dz =

Q
dy =

P
dx     is  

                                   
 1.....................

xy)-(z
dz =

zx)-(y
dy =

yz)-(x
dx 

222
 

                 Method of grouping is not possible 
                 Using two set of multipliers x,y,z: 1,1,1 each to the ratio in (1)

 

                                                                                        3xyz-z+y +x
dz z+dyy +dxx  = 333  

                                                                                       zx-yz-xy-z+y +x
dz +dy +dx= 222  

                      zx-yz-xy-z+y + x
dz+dy+dx=

zx)-yz-xy-z+y + xz)(+y+(x
zdz +dyy +xdx

222222
 

                                                       1
dz+dy+dx=

z)+y+(x
zdz +dyy +xdx

 

                                                       z)+y+z).d(x+y+ x(=dz z+dyy +dxx  

                                                z)+y+(x d  .z)+y+ x( =dz z+dyy +dxx   

                                                                2
z)+y+(x   = 

2
 z+

2
y+

2
x 2222

 

                                                              2
2zx+2yz+2xy+ z++yx =

2
 z+

2
y+

2
x 222222

 

                                                                                 1c =zx+yz+ xy  
                                                                                   zx+yz+xy=u  
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                       Using two sets of multipliers 0,1,-1 each of the ratio in (1) 

                               xy)- (z-zx)-(y
dz)-(dy =

 zx)-(y--yz)(x
dy-dx

2222  

                              z)-x(y)  z-(y
dz-dy =

y)-z(x+) -y(x
dy-dx

2222 
 

                      z)-x(y+z)-z)(y+(y
z)-d(y =

y)-z(x+y)-y)(x+(x
y)-d(x

 

                                z)+y+z)(x-(y
z))-d(y =

z)+y+y)(x-(x
y)-d(x

 

                                            
  z)-(y

z)-d(y =
y)-(x

 y)-d(x
 

                                   2logc+z)-log(y=y)-log(x  

                        
 logc=

z)-(y
 y)-(x  log   2







 

                                      
 2c =  

z)-(y
y)-(x

 

 
Result:

                                    
  

z)-(y
y)-(x  =    v  

             
0 =

z)-(y
y)-(xzx,+yz+xy issolution  general The 









 
5. Solve    )y-z(x=z)q+y(x-z)p+  x(y 2222

                           [AU N/D 2008 , M/J 2013] 
     Solution: 

               )y-z(x=z)q+y(x-z)p+x(y 2222Given  

                              R = Qq+ Pp  typesLagrange'  

                     The S.E
R
dz =

Q
dy =

P
dx     is  

                           )y-z(x
dz =

z)+y(x-
dy =

 z)+x(y
dx

2222
 

              ratio ofeach get   wesmultiplier  s lagrange' as y,-1 x,using  

                                                   )y-z(x-z)+(x y-z)+(y x
dz-ydy+dxx  = 222222  

                                                   0
dz-dyy +dxx    =  

                        0=dz-dyy +dxx  

                 0= dz -dyy  +dxx   

                                       1

22

c= z -
2
y +

2
x
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uzyx  222

 

                   Taking the Lagrange’s multipliers 
getwe

zyx
1,1,1

 

              0

dz
y

dy+
x

dx

)y-(xz)+(xz)+(y 

dz
y

dy+
x

dx

 2222

zz







 

                         
0dz

y
dy+

x
dx


z

 

                 2logc=logz+logy+logx      

                                 xyzv
cxyz


 2

2logc=log(xyz)
 

                Result:      0 =xyz)2z,-y+ x(  is PDEgiven  of Solution 22  
6. Solve  0=2xz-2xyq+)p z-y-(x 222                    [AU N/D 2001] 
     Solution: 

                           0=2xz-2xyq+)p z-y-(xGiven   222  

                                             R = Qq + Pp  typesLagrange'  

                                The S.E 
R
dz =

Q
dy =

P
dx     is  

2xz
dz =

2xy
dy =

) z-y-(x
dx

222
 

                          get member we 3rd and 2nd Taking  

                                         z
dz =

y
dy

 

                                      
 

z
dz=

y
dy

  

                                    1c log +logz=logy   

                           1c log=logz-logy  

                                
 1c log=

z
ylog 





  

                                          1c  = 
z
y  

                                         
 

z
y =u  

                 toequal is ratio above ofeach get   wemultiplier slagrange' as zy, x,using  

                         zx
dz
2  2xz+2xy+) z-y-x(x

dz z+dyy +dx x 
22222   
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 
  zx

dz
zyzy





 22xx

zdzydyxdx2 22222
 

                                                   

 
  zx

dzzy



222

222

z+y+x x
xd  

                                                 

 



z

dzzy  =
z+y+ x

xd
222

222

 

                                                 logczlog=) z+y+log(x 2
222   

                                              
 logc = z+y+xlog 2

222









z

 

                             
2c =z+y+x 222

z ,             z
z+y+x =v

222

 

             
Result:

  
0 =

z
z+y+x,

z
y  is PDEgiven  ofsolution  The

222











 
        7. Solve (  y)-y)(x+(x=x)q-(yz+xz)p-y                                  [AU M/J 2004, 2005]

 
             

Solution:
                          y)-y)(x+(x=x)q-(yz+xz)p-(yGiven  

                       R = Qq + Pp  typesLagrange'  

                        The S.E 
R
dz =

Q
dy =

P
dx     is  

                        )y-(x
dz =

x)-(yz
dy =

xz)-(y
dx

 22
 

    toequal is ratio aboveeach get  wes,multiplier slagrange' as zy, x,Choosing  

                                                    zy-zx+xy-z y+z  x-xy
dz z+dyy +dxx   = 2222  

                     0=dz z+ydy+dxx  

            0= dz z+dyy +dxx   

                           
c=

2
z+

2
y+

2
x 222

 

                               2c=c,   c =+zy+x 21
222  

                                              
222 +zy+ x=u  

         Choosing 1,, xy as Lagrange’s Multiplier, we get 

                                         2222 yxxxyzxyzy
dzxdyydx




  

                  0 =dz+d(xy)  ;   0=dz+dyx +dxy  

                                       0=  Z)+(xy d  

                                       0=z)+d(xy  
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                                        Z+xy=  v;   c = z+xy 2  

           Result: 0 =z)+xy,+zy+ x(  issolution  required The 222  
8. Solve   22 x-y =qzy +pzx                            [AU N/D 2008, A/M 2009] 
       Solution: 

 22 x-y =qzy +pzxGiven  
R = Qq + Pp  typesLagrange'  

  x-y
dz =

zy 
dy =

zx
dx

 22  

zy 
dy =

zx
dxConsider   

                y
dy =

x
dx   

                                       
 y

dy =
x

dx
 

                                       logc+logy=logx 1  

                             1logc=logy-logx  

                                 
1logc=

y
x`log 







 

                                       
1c  =  

y
x








 

                                            








y
x  =u  

                   toequal are ratiothethen s,multiplierslagrange' a as z x,-y,choose  

                            0zx
dz z+dyy -dx x     2222

zdzydyxdx
zxzyzy





 

                dz z+dyy -dxx =0  

    dz z +dyy  -dxx  = 0   

2
z +

2
y -

2
x  = c

222

2  

          
222

2 z+y- x=c 2  

         2
222 c =  z+y-x  

                                                   z+y- x=v 222  

                
Result: 0 =  z+y-x,

y
x is PDEgiven  ofSolution  The 222











 
9. Solve 2 2 2 2 2 2(z ) (x z ) (y )x y p y q z x                                          [AU N/D 2016] 
     Solution: 



MA8353-Transforms and Partial Differential Equation s    Unit – I   Partial Differential Equation  
 

Department of Mathematics                      Mailam Engineering College Page 26 
 
 

                        Given 2 2 2 2 2 2(z ) (x z ) (y )x y p y q z x      
                               Lagrange’s type RQqPp   

              Formula   The S.E is  
R
dz

Q
dy

P
dx

  

                                
2 2 2 2 2 2(z ) y(x ) z(y )
dx dy dz

x y z x
 

  
 

             Choosing x, y, z as a Lagrange’s multipliers, we get each of ratio are equal to 

                            
2 2 2 2 2 2 2 2 2 2 2 2 0

xdx ydy zdz xdx ydy zdz
x z x y y x y z z y z x

   


    
 

                              ( ) 0xdx ydy zdz    

                                    
2 2 2

12 2 2
x y z c    

                                                
2 2 2u x y z    

          Choosing  
zyx
1,1,1

 as Lagrange’s Multipliers, we get 

                              
2 2 2 2 2 2

1 1 1 1 1 1

0

dx dy dz dx dy dz
x y z x y z

z y x z y x

   


    
 

                                          
0

z
dz

y
dy

x
dx

 

                                   
0  z

dz
y

dy
x

dx

 
                                2loglogloglog czyx   

                                   22 ;log)log( cxyzcxyz   
                                                xyzv   
       Result:      The solution of given PDE is 2 2 2( , ) 0x y z xyz     
10. Solve )()()( 222 yxzqxzypzyx              [AU N/D 2010] 
      Solution: 

Given )()()( 222 yxzqxzypzyx   
Lagrange’s type RQqPp   
The S.E is  

R
dz

Q
dy

P
dx

  

)()()( 222 yxz
dz

xzy
dy

zyx
dx








 

Choosing  
zyx
1,1,1

 as Lagrange’s Multipliers, we get 

We get each ratio in (1), 
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0

111

)()()(

111 dz
z

dy
y

dx
x

yxzxzyzyx

dz
z

dy
y

dx
x







 

Hence, 0
z

dz
y

dy
x

dx
 

      
0  z

dz
y

dy
x

dx

 
   azyx loglogloglog   

   axyz log)log(   
           xyza   

Taking the Lagrange’s multiples are 222

1,1,1
zyx  

We get each ratio in (1), 

0

111

)()()(

111
222222 dz

z
dy

y
dx

x
yxxzzy

dz
z

dy
y

dx
x








 
Hence,       0111

222  dz
z

dy
y

dx
x  

bdz
z

dy
y

dx
x

  222

111
 

bdxzdxydxx    222  

                                            
bzyx












111

111

 

   bzyx   111  b
zyx


111
 

         Result: Hence, the general solution is 0),( baf  

                i.e, 01,1,1, 







zyx

xyzf  , where f is arbitrary 

11. Solve the partial differential equation xyqyzpzx  )2()2(  
       Solution:                  [AU N/D 2011,17] 

Given xyqyzpzx  )2()2(  
equationlinear  slagrange' form  theof is equation This  

R = Qq + Pp  typesLagrange'  

R
dz =

Q
dy =

P
dx   

x-y
dz =

y-2z
dy =

2z-x
dx

  ….. (1) 
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getwearemulipliersslagrangethetaking   1,1,1       '        

x-yy-2z2z-x
)1(in  ratioeach 





dzdydx

0
dzdydx 

  

0)(hence  zyxd  
get  wegintegratin azyx   

get we x,2z, are mulipliers slagrange' the Taking y  

2zx-y2xy-2xz2zy-xy
2)1(   

z
zdzxdyydxinratioeach





0
2zdzxdyydx 

  

Hence, 02  zdzxdyydx  
i.e, ])([  02)( ydyxdxxydzdzxyd    
Integrating we get 

b
2

2zxy
2

b 2zxy  

Result: Hence the general solution is 0),( baf  
0)z,( 2  xyzyxf  

12. Find the general solution of )()()( 222222 yxzqxzyzyx   
       Solution:                                                             [AU A/M 2001] 

Given )()()( 222222 yxzqxzypzyx    ….. (1) 
Lagrange’s type R = Qq + Pp  

R
dz =

Q
dy =

P
dx   

)(
dz =

)(
dy =

)(
dx

222222 yxxzyzyx 
  ….. (2) 

Taking the Lagrange’s multipliers are zyx ,,  we get each ratio in (2) 

)()()( 222222222 yxzxzyzyx
zdzydyxdx





0

zdzydyxdx 
  

0 zdzydyxdx  
Integrating we get, 0  dzzdyydxx  

                             2222

222 azyx
  

                             azyx  222  

Use the Lagrange’s multipliers 
zyx
1,1,1

we get 

Each ratio in (2) 

0

111111

222222

dz
z

dy
y

dx
x

yxxzzy

dz
z

dy
y

dx
x








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0111,.  dz

z
dy

y
dx

x
ei  

Integrating we get,   0111
  dz

z
dy

y
dx

x
 

            bzyx loglogloglog   
bxyz log)log(    

   bxyzei ,.  
Result: Hence the general solution is 0),( baf   

                       0),(,. 222  xyzzyxfei     Where f  is arbitrary. 
13. Solve:  (y2+z2)p – xyq + xz = 0                                                 [AU N/D 2013] 
       Solution: 

Given:        (y2+z2)p – xyq + xz  ….. (1) 
Lagrange’s type R = Qq + Pp  

R
dz =

Q
dy =

P
dx   

xzxy 
dz =dy =

z+y
dx

22
  ….. (2) 

Taking the Lagrange’s multipliers are zyx ,,  we get each ratio in (2) 

2222 xzxyxzxy
zdzydyxdx





0
zdzydyxdx 

  

  0 zdzydyxdx  
Integrating we get, 0  dzzdyydxx  

    2222

222 azyx
  

    azyx  222
 

    azyx  222  
Taking 2nd and 3rd member , we get 
Each ratio in (2) 

xz
dz

xy
dy




  

    z
dz

y
dy

  

Integrating we get,   dz
z

dy
y  

11
 

        bzy logloglog   

    
b

z
y loglog 





   
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        b
z
yei ,.  

            Result:  Hence the general solution is ,0),( baf
 

                                              0),(,. 222 
z
yzyxfei  Where f is arbitrary. 

14. Solve the Lagrange’s equation     .22 2 yxqyxzpzx   
      Solution:                                                                                       [AU M/J 2014]
 Lagrange’s type R = Qq + Pp  

R
dz =

Q
dy =

P
dx   

yxyxz  2

dz =
2

dy =
2zx

dx

   
 

Choose multipliers x,-1,-1 

0
dz-dy-xdx =

-y2xz-2xzx
dz-dy-dx

22 yx
x


 

0dz-dy-xdx   
0dz-dy-xdx   

                         1

2

2
Czyx


 

Choose Multipliers y,x,-2z 

0
2zdz-xdydx =

22z--z2x2yzyx
2zdz-xdydx

22




 y
zyxxy

y  

02zdz-xdydx y  
02zdz-xdydx   y  

                         2
2 Czxyxy 

 
                                          

2
2 Cz 

 Result:  
The general solution is 

                   
  0, 21  CC

 

                 
0,

2
2

2









 zzyx

  

15. Find the general solution of 2 2( 2 ) ( ) ( )z y yz p xy zx q xy zx       
       Solution:                                                     [AU N/D 2015, A/M 2017] 

Given 2 2( 2 ) ( ) ( )z y yz p xy zx q xy zx        ….. (1) 
Lagrange’s type R = Qq + Pp  

R
dz =

Q
dy =

P
dx  
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2 2( 2 ) ( ) ( )z y yz p xy zx q xy zx       

2 2

dx dy dz= = 
( 2 ) ( ) ( )z y yz xy zx xy zx   

  ….. (2) 

Taking the Lagrange’s multipliers are zyx ,,  we get each ratio in (2) 

2222 2 xzxyzxyzxyxyzxyxz
zdzydyxdx





0

zdzydyxdx 
  

0 zdzydyxdx  
Integrating we get, 0  dzzdyydxx  

1

222

222
czyx

  

uzyx  222  
Taking 2nd and 3rd  ratio 

              zxxy
dz

zxxy
dy




  

                 zy
dz

zy
dy




  

           
zdzydzzdyydy 

 
           

)(yzdzdzydy 
 Integrating, 

  )( yzdzdzydy
 

   
2

22

22
,. cyzzyei 

 
vzyyz  222

       Result:  Hence the general solution is 0),( vuf
                  0)2,(,. 22222  zyyzzyxfei  

Homogeneous Partial Differential Equation 
16. Solve   e + xy=)y  30D-DD-(D y6x2''2 

                          [AU M/J 2004, 2009] 
     Solution:

 0=30-m-m   isEquation Auxillary 2
 

                                    05m6-m   

                                ,-5 6=m  
5x)-(y f +6x)+(y f =function ary Complement 21  

21 P.I+P.I = Integral Particular  

xy
) 30D-DD-(D

1 =P.I 2''21  
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xy





















 2

''
 2

D
30D+

D
D-1D

1   =
2

 

                 
xy

1

 2

''

 2 D
30D+

D
D-1

D
1   =  

2 






















 

                   

xy……… +
D

30D+
D
D+ 

D
30D+

D
D+1  

D
 1  =

2

2

''

2

''

2

22



































 

                 
xy

D
D +1  

D
 1   =  

'

2 







 

                   








D
x +xy   

D
 1   = 2  

               
  x

D
 1 +(xy)   

D
 1  =    32  

                 
  

24
x +

6
xy     =  

43

 

          

y)+(6x
  2 e  

) 30D-DD-(D

1   =  P.I 21'2
 

                  
y)+(6xe 

 30-6-36
1   =  

Condition fails 

                 

y)+(6xe  
) D-(2D

x    = '  

      
 y6xe 

 1-12
x  =   

    
y)+(6xe  

11
x   =  

          
y)+(6xe  

11
x  +   

24
x +

6
xy    = P.I

43

 

Result: issolution  CompleteThe  
P.I+c.f=z  

   
y)+(6xe  

11
x  + 

  24
x +

6
xy   +5x)-(y f +6x)+(yf  =

43

2 1
 

17. Solve  xy   +sinhy e = )z 5D-6DD-(D x''2 2

  [AU N/D 2006 , A/M 1997] 
       Solution: 

0=5+6m-m isEquation Auxillary 2  
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          0 =5)-1)(m-(m  

                            ,5 1=m  
                         Complementary function is 

                                   5x)(yf +6x)+(y f =C.F  21   

 21 P.I+P.I = Integral Particular  

sinhy e 
 5D-6DD-D

1  =     P.I x
''21 2  









2
e-e   e 

 5D-6DD-D
1   =

-yy
x

''2 2  

 y)-(xy)+(x
''2

e -e 
 5D-6DD-D

1
2
1  = 2  

y)-(x
''2

y)+(x
''2

e 
 5D-6DD-D

1
2
1  -e 

 5D-6DD-D
1

2
1  = 22  

y)-(xy)+(x e 
 5)-6(1

1 
2
1  -e

 5)-6-(1
1 

2
1  =


 

y)-(xy)+(x e 
 4

1   -e
 20-

1   =
 

                 

y)-(xy)+(x
1 e 

 4
1   -e

 20-
1   =P.I  

   
  xy

 5D-6DD-D
1  =     P.I 2''22

 

  

 xy
  

D
5D-

D
6D-1D

1=

2

''
2

2











 

   
xy 

D
5D

D
6D-1

D
1  =

1

2

''

2

2 





















  

   
xy









 2

''

2 D
5D

D
6D1

D
1   =

2

 

   








 D
6x +xy 

D
1  = 2  

   24
6x+

6
yx  =

43

 

21 P.I+P.I = Integral Particular  

      
 

24
6x  

6
yx+e 

4
1  -e 

20
1  -  =

43
y)-(xy)(x   

Result: The Complete Solution is 
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            P.IC.F  =  Z       

                            
24

6x  
6

yx+e 
4
1  -e 

20
1  -5x)-(y f +6x)+(yf   = 

43
y)-(xy)(x

2 1   

18. Solve   6y)+6sin(3x = )z4DD+D 4D-(D
2''23

  [AU N/D 2010, A/M 2009] 
       Solution: 

  6y)+6sin(3x = )z4DD+D 4D-(DGiven 
2''23  

0 = 4m+4m-m isequation Auxillary 23  

                         0 =4)+4m-m(m2  

                                  0,2,2=m  

                       2x)+(y  xf+2x)+(y f+(y)f   C.F 321  

     Integral Particular  

          
   6y)+6sin(3x 

4DD+D 4D-D
1   = P.I   2''23

 

                                       
   6y)+sin(3x 

 144D)-D 4(-9)-9D-
1 6 =   '

 

  
6y)+sin(3x  

36D+153D-
1  6 =     '

 

   
6y)+sin(3x 

 17D-4D
1    

9
6 =   '  

    

  6y)+sin(3x 
 ) 289D-(16D

17D+4D  
3
 2 = 

22'

'

 

17D)+(4Dby  divide and(multiply '  

  
6y)+sin(3x  

2601)+(-576
17D)+(4D  

3
 2=  

'

 

             
6y)+sin(3x  17D)+(4D

6075
2 =    '  

     
 6y)+51cos(3x+6y)+24cos(3x

6075
2 =  

  
6y)+cos(3x  

6075
752  =     

        
6y)+cos(3x 

243
6   =   

            
6y)+cos(3x 

81
 2   = P.I  

Result:  
Hence the general solution is Z = C.F+P.I 

6y)+cos(3x 
81

 2  2x)+(y  xf+2x)+(y f+(y)f = Z 321 
 

19. Solve 2 ' ' 2r+ s -6 t= yc o s x  (o r) (D + D D -6 D  )Z  = y  c o s x     
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       Solution:                                                         [AU M/J 2013, 2014, N/D 2016, A/M 2018] 

ycosx=
y

 z  6-
xy

 z  +
x

 z 
2

22

2

2










 

cosxy = )Z 6D-DD+(D 2''2  
isequation Auxillary  

    0=6-m+m  2  
 0 =2)-3)(m+(m  

        3,2- =m  
function,ary Complement  

2x)+(y f+3x)-(y f 21  
 Integral Particular  

cosx    y  
6D-DD+D

1  = P.I 2''2
 

    
cosx  y  

  )3D+)(D2D-(D
1    =  ' '  

      dx3x)cosx +(C
2D-D
1  =  '  

  
  (-cosx) 3-3x)sinx+(c 

2D-D
1   =     '  

  
 cosx 3+3x)sinx+(c 

2D-D
1  =     '  

   
cosx] 3+ysinx [ 

2D-D
1   =    '  

   dx cosx 3+2x)sinx- (c   =   1  

            dxcosx 3+dxsinx x 2-dxsinx   c   =        1  

     dxsinx x  2-sinx 3+cosx c -  =  1  

       d(-cosx)x   2-sinx 3+cosx c -  = 1  

        dxcosx +xcosx-  2-sinx 3+cosx c -  = 1  

      2sinx-2xcosx+sinx 3+cosx c -  = 1  

  2sinx-2xcosx+sinx 3+2xcosx-ycosx-   =     

             ycosx-sinx  =P.I  
Result: issolution  Complete  

P.I+ C.F   = z  
ycosx-sinx  +2x)+(y f+3x)-(y f    = z 21  

20.Solve   2 1 125 6 sinD DD D z y x                                        [AU N/D 2017] 

      Solution: 
                        Given PDE is 
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 2 25 6 sinD DD D Z y x   

 
                  Complete Solution= CF+PI 

 

         To find CF: 
                          The Auxiliary equation  is  

                          
2 5 6 0m m  

  
                          

  2 3 0m m  
 

                                
2, 3m   

             Therefore  

                            
   1 2. 2 3C F f y x f y x   

                
                To find PI 

 2 2

1. sin
5 6

P I y x
D DD D


  

 

2 2

1
5 6

ix oyIPe y
D DD D


  

 

   2 2

1
5 6

ix oyIPe y
D i D i D D


    

 

0
2 2

1
1 2 5 5 6

ix yIPe y
D iD DD iD D


         

:

             

      12 21 cos sin 1 2 5 5 6IP x i x D iD DD iD D y


             

                   2 21 cos sin 1 2 5 5 6IP x i x D iD iD DD D y             

                         1 cos sin 5IP x i x y i     

                     5cos sinx y x   
      Result:  The general solution is 
                     IPFCz ..   
                           1 22 3 5cos sinf y x f y x x y x       
                            
21. Solve   yxezDDD x 22'23 32)2(             [AU N/D 2001] 
       Solution: 

The auxiliary equation is 
0)2( 23  mm  

0)2(2 mm  

  2,0,0m  

           )2()()(. 321 xyyxyFC    
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) 1by  and 2   ( 2
)2(

1. '02
'231 DbyDreplacee

DDD
IP yx


  

         
xx ee 22

4
1

8
12   

yx
DDD

IP 2
'232 3
)2(

1.


  

         
yx

DDD
2

'2 )2(
13


  

         

yx

D
DD

2
'3 21

113











  

         
yx

D
D

D
2

1'

3

2113










  

        
yx

D
D

D
D

D
2

2''

3 ...22113




















  

       












 

3
2131213

3
2

3
22

3

xyx
D

x
D

yx
D

 

       










43
2

3
13

43

2

xyx
D 










56
1

12
13

54 xyx
D

 

       










630
1

60
3

65 xyx
6020

65 xyx   

Result: 21. PIPIFCz   

         60204
1)2()()(

65
2

321
xyxexyyxy x  

 
22. Solve the equation   )2cos('4'4' 3223 yxzDDDDDD                   [AU N/D 2010] 
       Solution: 

Given   )2cos('4'4' 3223 yxzDDDDDD   
The auxiliary equation is 

1by  D' mby  D replace 04423  mmm  

        0)1(4)1(2  mmm  

   0)4)(1( 2  mm  

      0)2)(2)(1(  mmm  

                        2,2,1  mmm  

              )2()2()(. 321 xyxyxyFC    
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1)-by D' 2,-by  DD' ,2-by D (replace  )2cos(
'4'4'

1. 222
3223 yx

DDDDDD
IP 


  

       
)2cos(

'44'44
1 yx

DDDD



  

         
fails) rule(ordinary                  )2cos(

0
1 yx   

       
) 1-by D' 2,-by  DD' ,2-by  (replace   )2cos(

'4'23
1 222

22 Dyx
DDDD

x 


  

      
  )2cos(

12
x-)2cos(

44-12-
1x yxyx 


  

Result: The general solution is z=C.F+P.I 

  )2cos(
12
x)2()2()( 321 yxxyxyxyz  

 
23. Solve the equation xyxzDDDD  )2cos()'6'7( 323  
       Solution:                  [AU N/D 2011,2012] 

Given xyxzDDDD  )2cos()'6'7( 323
 

The Auxiliary equation is  

                       067 3  mm  
Put 0671     ,1  getwem  
Put 0671-    ,1   getwem  

   
6110
6700




 

 
                     root a is 1 m  
       Remaining equation is 
                              062 mm  

         06 ,01,. 2  mmmei  

                         3,2,1 m  

                              )3(y )2-(y )-(y. 321 xxxFC    

)2cos(   
]'6'7[

1P.I 3231 yx
DDDD




   11 22 byDreplace             

        )2cos(   
')4(6')2(7

1 yx
DDD




   2)2)(1(' byDD  

          
)2cos(

'24'14
1 yx

DDD



    2)2)(1(' byDD  

        
)2cos(

)'38)('38(
'38 yx

DDDD
DD





  

       
 )2sin()2sin(7622'1444

1 yxyx
DD


  

-1 

0 
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 )2sin(7722'1444

1 yx
DD


  

       
)2sin(

5775
77)2sin(77 )1()4(1444

1 yxyx    

)2sin(
75
1. 1 yxIP   

x

D
D

D
DD

x
DDDD

IP
















3

3

2

2
3

3232 '6'71

1
]'6'7[

1.  

       
x

D
D

D
D

D
x

D
D

D
D

D 





























3

3

23

1

3

3

23

'6'711'6'711
 

      24
1)0(71 4

323

xx
DD

x
D





 

 
Result: 

Hence, the general solution is z = C.F + P.I 

)2sin(
75
1

24
)3(y )2-(y )-(y

4

321 yxxxxxz  
 

 
24. Solve   yxeyxzDDDD 4222 32'2'                                [AU N/D 2013] 
      Solution: 

 The auxiliary equation is 022 mm  
              021  mm   
                              2,1m   

                                                                )2()(. 21 xyfxyfFC   
 
 To find P.I 

 

 

 yx
D
D

D
D

D

yx

D
D

D
DD

yx
DDDD

IP

32'2'11

32
'2'1

1

32
'2'

1.

1

2

2

2

2

2
2

221















































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 

 

 



 





 

































yx
D
Dyx

D

yx
D
D

D

yx
D
D

D
D

D
D

D
D

D

32'321

32'11

32...'2''2'11

2

2

2

2

2

2

2

2

 

                                        6
95.

2
33

2
21

3321

23

1

22

2

yxxIP

xxyx
D

D
yx

D


















 

 

36
.

3284

4'
2

'2'
1.

42

2

42

42
222

yx

yx

yx

eIP

e

D
D

e
DDDD

IP


























 

Result: Z = C.F + P.I 

      Z  = f1(y - x)+f2 (y+2x)+ 
6
95 23 yxx 

36

42 yxe 

  

25. Solve:   yxeyxzDDD  23'2 2                                           [AU N/D 2014] 
      Solution: 
          
                     The A.E  is  022  mm  
                                         0)2( mm  
                                                    2,0m  
                                        )2()0(. 21 xyfxyfFC   
                              21 ... IPIPIP   

                                yx
DDD

IP 3
'21 2

1.


  

                                        yx

D
DDDD

3
'

2

2
2 2

1











 
  

                                        yx

D
DD

3
'

2 21

1











  
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                                       yx
D
D

D
3

1'

2

211










  

                                       yx
D
D

D
D

D
3

2

2''

2 .........4211












  

                                         



  23

2

21 x
D

yx
D  

                                          33
3

2

21 x
D

yx
D

  

                                       120
2

20

65 xyx
  

                                       6020

65 xyx
    

                             
yxe

DDD
IP 


 2

'22 2
1.  

                                     
yxe 


 2

2 )1)(2(2)2(
1

 

                                     
yxe 


 2

44
1

 

                                     
yxe  2

8
1

 

                   Result: 21 ... IPIPFCz   

                                       86020
)2()0(

265

21

yxexyxxyfxyf


  
 
26. Solve the equation )2sin()'6'7( 323 yxzDDDD   
       Solution:                           [AU N/D 2011,2012,2014] 

Given )2sin()'6'7( 323 yxzDDDD   
Put 0671     ,1  getwem  
Put 0671-    ,1   getwem  

root a is 1m  

   
6110
6700




 

 
 

-1 

0 
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1

01,.



m

mei
 

  
3,2

0)3)(2(
06Re 2





m
mm
mmisequationmaining

 

                                                     3,2,1 m  

              )3(y )2-(y )-(y. 321 xxxFC    

)2sin(   
]'6'7[

1P.I 3231 yx
DDDD




   11 22 byDreplace             

        )2sin(   
'2428

1 yx
DDD




   2)2)(1(' byDD  

          
)2sin(

'2427
1 yx

DD



    2)2)(1(' byDD  

        
)2sin(

2427 '2 yx
DDD

D



  

        4827
)2sin(





yxD

 

        75
)2cos(





yx

 

               
Result:  

   z = C.F + P.I 

       
)2cos(

75
1)3(y )2-(y )-(y 321 yxxxxz  

 
27.Solve the equation 2 2 2( 4 ' 5 ' ) sin( 2 ) x yD DD D z x y e       
       Solution:                           [AU A/M 2018] 

Given 2 2 2( 4 ' 5 ' ) sin( 2 ) x yD DD D z x y e       

  

2. 4 5 0
( 5)( 1) 0

5,1

AE is m m
m m

m

  
  

 
 

                                                     5,1m    

             1 2. (y-5 ) (y+ ) C F x x     

1 2 2

1P.I    sin( 2 )
[ 4 ' 5 ' ]

x y
D DD D

 
 

  11 22 byDreplace             

        
1    sin( 2 )

1 4(2) 5( 4)
x y 

   
  ' (1)( 2) 2DD by     

          

sin( 2 )
27
x y


                                

          2 2 2 4replace D by     
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2

2 2 2P.I    
[ 4 ' 5 ' ]

x ye
D DD D




           

2

2 2    
[2 4(2)( 1) 5( 1) ]

x ye 


     

2

   
9

x ye 




 

        
 

               
Result:  

   z = C.F + P.I 

       

2

1 2
1(y-5 ) (y+ ) + sin( 2 )
27 9

x yez x x x y 


   
 

 
28. Solve: yxeyzDDDD 222 )42()'2'3(                                         [AU A/M 2015] 
      Solution: 

          Given  yxeyzDDDD 222 )42()'2'3(   
                           The A.E  is   0232  mm      
                                              0)2)(1(  mm  
                                                                 2,1m  
                               )2()(. 21 xyfxyfFC   

                                  

yxex
DDDD

2
22 )42(   

]'2'3[
1P.I 




 

                                        
)42(   

)2'(2)2')(1(3)1(
1

22
2 x

DDDD
e yx 


 

 

                                        
)42(   

882636312
1

'2'''2

2 x
DDDDDDDD

e yx 


 

 

                                        
)42(   

32534
1

2'''2

2 x
DDDDDD

e yx 


 

 

                                        
)42(   

325341

1

22

2'

2

''
2

2 x

DD
D

D
D

D
D

D
D

e yx 














 

 

                                        
)42( 325341

-1

22

2'

2

''

2

2

x
DD

D
D
D

D
D

DD
e yx




























 

                                        
)42(325341 22

2'

2

''

2

2

x
DD

D
D
D

D
D

DD
e yx



























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



 



)42(3)42(4)42( 22

2

x
D

x
D

x
D

e yx

 

                                        
 322

2

2

2332842 xxxxx
D

e yx




 

                                        
 32

2

2

229122 xxx
D

e yx




 

                                        








 

1012
292

5
4322 xxxxe yx

 
             Result: IPFCzissolutiongeneralThe ..   

                                                      







 

1012
292)2()(

5
4322

21
xxxxexyfxyfz yx  

29. Solve:   yxezDDD x 22'23 322                                         [AU M/J 2016] 
     Solution: 
                   Given: 

                           yxezDDD x 22'23 322   
                      The Auxillary equation is 

                                                 02 23  mm  
                                                   02 2  mm  
                                                              2,0,0m  
                             )2()0()0(. 321 xyfxyxfxyfFC   

                                    

yxe
DDD

02
231 2  

]'2[
1P.I 




 

                                           

yxe 022  
]08[

1 




 

                                           

yxe 02  
4
1 

 

                                  
)3(   

2
1. 2

'232 yx
DDD

IP



 

                                          
yx

D
DD

2
'

3

   
21

3












 

                                         
yx

D
D

D
2

-1'

3  213










 

                                         
yx

D
D

D
D

D
2

2

2''

3

4213













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









D
xyx

D

2
2

3

23

 

                                         
  4

2
2

3 63
D
xyx

D


 

                                         360
6

60
3

65 xxy   

                                         6020

65 xyx


 
                   Result:   21 ... IPIPFCZ   

                               60204
)2()0()0(

652

321
xyxexyfxyxfxyfZ

x

  
 

 30.  Solve    22212 yxzDD                                       [AU N/D2015] 
             Solution: 
                    Given that  

                                           22212 yxzDD   
01is equation Auxiliary 2 m  

                  12 m  

                    im   

                      )()(. 21 ixyfixyfFC   

                                
22

2'2
 

 DD
1  =     P.I yx


 

                  

22

2

2'
2

 

 
D
D1D

1   = yx














 

                          

22

-1

2

2'

2 D
D1

D
1   = yx












  

              

22
4

4'

2

2'

2 ..............
D
D

D
D1

D
1   = yx












  

              
 












 22

2

2'
22

2 D
D

D
1   = yxyx  

              








 2

2
22

2 D
2

D
1   = xyx
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









12
2

D
1   =

4
22

2

xyx
 

              










6D
1   =

4
22

2

xyx
 

              










303D
1   =

523 xyx

 

              










18012
   =

523 xyx

 
 

Result: solution Complete  

                     Integral Particular +function  Comp.  =  Z  

                         









18012
)()(

523

21
xyxixyfixyf  

31. Solve    yxyzDDDD sincos22 2112                                       [AU N/D 2015] 
      Solution: 
                        Given PDE is 

                    
  yxyZDDDD sincos22 22 

                   Complete Solution= CF+PI1-PI2 

 

         To find CF: 
                          The Auxiliary equation  is  

                          
0122  mm

  
                          

   011  mm
 

                                
1,1 m

             Therefore  

                            
   xyxfxyfFC  21.

                

                 To find PI1:    y
DDDD

PI cos2
2

1
221 


 

                                            

 
y

y

cos2

cos2
1)0(20

1
22






 
                 To find PI2:

             
 

                       
 2 2 2

1. sin
2

P I x y
D DD D


  

 

                             
 

0
2

1 x iyxIPe
D D




 



MA8353-Transforms and Partial Differential Equation s    Unit – I   Partial Differential Equation  
 

Department of Mathematics                      Mailam Engineering College Page 47 
 
 

                               
 

0
2

1x iyIPe x
D D i


   

                 
     

0
2 2

12 2

1
1 2 2 2

1 cos sin 1 2 2 2

x iyIPe x
D D iD iD DD

IP y i y D D iD iD DD x






       

           

 

 

                   xDDDiiDDDyiyIP  2221sincos1 22  

                         ixyiyIP 2sincos1   

                     yxy sincos2   
      Result:  The general solution is 
                     IPFCz ..   
                            yxyyxyxfxyf sincos2cos221   
                            yxyxyxfxyf sincos421   
         
32. Solve    yxeyxzDDDD  222 2                                      [AU A/M 2017] 
             Solution: 
                    Given that  

                                           yxeyxzDDDD  222 2  
0)1(is equation Auxiliary 2 m  

                  1,1 m  

            

                      )()(. 21 xyxfxyfFC   

                             
yx

D
2

2''21  
 DD2D

1  =     P.I


 

                            

yx
D

2

2

2''2
2

1  

 
D

DD2DD

1  =     P.I










 
 

                          
yx 2

-1

2

2''

2 D
D

D
2D1

D
1   =























  

              
yx 2

2

2''

2 ..............
D
D

D
2D1

D
1   =























  

              
 












 yxyx 2

'
2

2 D
2D

D
1   =  
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









D
2

D
1   =

2
2

2

xyx
 

              










3
2

D
1   =

3
2

2

xyx
 

              










3
2

D
1   =

3
2

2

xyx
 

              










4*3
2

3D
1   =

43 xyx

 

        










3012
   =P.I

54

1
xyx

 

 
 DD2D

e  =     P.I 2''2

y-x

2
 D  

Put D= 1 and D’ = -1 

 
 )1()1)(1(2(1)

e  =     P.I 22

y-x

2 
 

 0
e  =     

y-x

 
 

 
 0

xe 
 2(-1)(1)2

xe   
 D2D

xe  =     P.I
y-xy-xy-x

2 



  

 
 2

ex  =     P.I
y-x2

2  

Result :   

                     Integral Particular +function  Comp.  =  Z  

                         23012
)()(

254

21

yxexxyxxyxfxyf












 
33. Solve   2 22 x yD DD D z xy e                                           [AU N/D 2017] 
             Solution: 
                    Given that  

                                          2 22 x yD DD D z xy e       

0)1(is equation Auxiliary 2 m  

                  1,1 m  

            
                      )()(. 21 xyxfxyfFC   

                             
1 2 ' '2

1P.I      =   
D 2 D D  

xy
D 
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1 2 ' '2
2

2

1P.I      =   
D 2 D DD  

D

xy
D  

 
 

 

                          

-1' '2

2 2

1 2D D=   1
D D D

xy
  
   
  

 

              

' '2

2 2

1 2D D=   1 ..............
D D D

xy
  
    
  

 

              
 

'

2

1 2D=   
D D

xy xy
 

 
 

 

              
2

1 2=   
D D

xxy     

              

2

2

1 2=   
D 2

xxy
 

 
   

              

2
2

1=   
D

xy x  
 

              

2 31=   
D 2 3

x y x 
 

   

        

3 4

1P.I =   
6 12

x y x 
 

   

 
 DD2D

e  =     P.I 2''2

y-x

2
 D  

Put D= 1 and D’ = -1 

 
 )1()1)(1(2(1)

e  =     P.I 22

y-x

2 
 

 0
e  =     

y-x

 
 

 
 0

xe 
 2(-1)(1)2

xe   
 D2D

xe  =     P.I
y-xy-xy-x

2 



  

 
 2

ex  =     P.I
y-x2

2  

Result :   

                     Integral Particular +function  Comp.  =  Z  

                         
3 4 2

1 2( ) ( )
6 12 2

x yx y x x ez f y x xf y x
 

       
 

 

 
Non- Homogeneous Partial Differential Equation 
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34. Solve 4)2'( 22   yxezDDDD               [AU N/D 2012] 
       Solution: 

Given 4)2'( 22   yxezDDDD  
yxyx eezDDD 002 4)2'(    

yxyx eezDDDD 002 4)]2(')[0'0(    
By working rule, 

If 0)'(  zcmDD , then )( mxyfez cx   where c is arbitrary. 

           0,0 11  cm  

          2,1 22  cm  
)()0(. 2

2
1

0 xyfexyfeFC xx    

        )()( 2
2

1 xyfeyf x    
yxe

DDDD
IP 


 2

21 2'
1.  

        
)1',2( 

6
1

424
1 22 


  DDee yxyx  

yxe
DDDD

IP 00
22 4

2'
1. 


  

         
yxyx exe

DD
x 0000 4

2
14

2'2
1  


 x2  

Result: IPFCz ..   

    
yxx exxyfeyfz   2

2
2

1 6
12)()(  

35. Solve: )2sin()22''2( '22 yxzDDDDDD                     [AU M/J 2016] 
       Solution:                            

 Given   2)22''2( '''22  DDDDDDDDDD  
0)'()'( 2211  zDmDDmDIf   then  

Formula :  )m(y )m(y 2211
21 xfexfez xx  

 

2,1
0,1

22

11







m
mHere

 

           )1-(y )1-(y. 2
2

1
0 xfexfeFC xx   

                           )-(y )-(y 2
2

1 xfexf x  

               )2sin(   
2

1P.I ''1 yx
DDDD




   

                     
)2(

'' .   
2

1 yxiePI
DDDD




   

                     
yiixe

DDDD
PI 2

''    
2

1. 



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                      iDiDplacee
iiii

PI yiix 2,Re   
222

1. '2
' 


 

 

                    
yiixe

ii
PI 2   

233
1. 




 

                   

 
 

yiixe
ii

iiPI 2   
23)23(

23
3

. 





 

                   

  yiixeiiPI 2   
49
23

3
. 





 

                   
yiixeiPI 2   

39
23. 


 

                   
     2sin2yxcos

39
23. yxiiPI 


  

                   
    2cos

39
22sin

39
3 yxyx 


  

   
Result:  

The general solution is 
                     z = C.F + P.I 

                    
     2cos

39
22sin

39
3)-(y )-(y 2

2
1 yxyxxfexfz x 




 
36. Solve )2()'22'2'3( 22 yxSinzDDDDDD                [AU A/M 2017] 
       Solution: 

Given )2()'22'2'3( 22 yxSinzDDDDDD   
To find C.F: 

Take 0)2')('2(  zDDDD  
By working rule, 
If 0)')('( 2211  zcDmDcDmD  

Then )()( 2211
21 xmyfexmyfez xcxc   

Here  21 m  01 c  

          12 m  22 c  

                         )()2(. 2
2

1
0 xyfexyfeFC xx    

)2sin(   
)]'22'2'3[(

1P.I 22 yx
DDDDDD




   42 22 byDreplace

 )2sin(   
)]'22)1(2)2(3)4[(

1P.I yx
DD




    2)1)(2(' byDD  

          
)2sin(

'22
1 yx

DD



                              1)1(' 22 byD  

        
)2sin(

)'22)('22(
)'22( yx

DDDD
DD





  
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        )'44(
))2(sin('2))2(sin(2(

22 DD
yxDyxD




  

        ))1(4)4(4(
))2((2)2)2((2(





yxCosyxCos  

                  12
)2(6





yxCos

               

    
Result:  

z = C.F + P.I 

     
)2cos(

2
1)()2( 2

2
1 yxxyfexyfz x  

 
 
37. Solve yxezDDDDDD  )'36''2( 22    [AU N/D 2010] 
       Solution: 

Given yxezDDDDDD  )'36''2( 22  
  yxezDDDDDD  )'2(3)')('2(  

yxezDDDD  )3')('2(  
0)3')('2( :C.F find To  zDDDD  

    0)3(''
2
1















  zDDDD  

0,
2
1,3,1, 2211 


 cmcmhere  

             
)

2
1()(. 21

3 xyfxyfeFC x    

y
DDDDDD

xeIP
'36''2

1
22.


  

       
  

)1'(36)1'()1'(2
1

22 xe
DDDDDD

y



            

1D'by  D' replace   

       
xe

DDDDDDDD
y

3'361'2''2
1

22 
  

        
xe

DDDDDD
y

22 ''2'52
1




 

        
x

DDDDDD

e y






















22 ''2'5
2
11

1
2

 

       
  xDDDDDDe y 1

22 ''2'5
2
11

2







   

      
  xDDDDDDe y





  22 ''2'5

2
11

2
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  



 



 

2
5

2
00)1(5

2
1

2
xexe yy

)52(
4

 xe y

 

Result: The general solution is z=C.F+P.I 

                        
)52(

4
)

2
1()( 21

3   xexyfxyfez
y

x

 
 
38. Solve yxezDDDDDD  222 )2'23''2(               [AU N/D 2001] 
       Solution: 

Given yxezDDDDDD  222 )2'23''2(  
To find C.F: 

Take 0)2')(1'(  zDDDD  
By working rule, 
If 0)')('( 2211  zcDmDcDmD  

Then )()( 2211
21 xmyfexmyfez zczc   

Here  11 m  11 c  

          12 m  22 c  

                         )()(. 2
2

1 xyfexyfeFC xx   
yxe

DDDD
IP 


 2

)2')(1'(
1.  

          
yxe 


 2

)212)(112(
1 yxe  2

2
1  

    Result: PIFCz  .  

               

yxxx exyfexyfez  2
2

2
1 2

1)()(
 

Formation of Partial Differential Equation 
39. Form the PDE by eliminating the arbitrary constants   from   
      0),( 222  czbyaxzyx    
       Solution:                                                                         [AU N/D 2010] 

Given  222 zyxu                          czbyaxv   

          x
zzx

x
u






 22                       

x
zca

x
v






  

         
zpx

x
u 22 

                        cpa

x
v



  

         y
zzy

y
u






 22                                    

y
zcb

y
v








 

         
zqy

y
u 22 



                                   cqb
y
v





 

Required PDE is given by, 
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0   vu

vu















yy

xx

 

  
       0   

22
22





cqbzqy
cpazpx

                              0)22)(())(22(  qzycpacqbpzx  

   022222222  cpqzcpyaqzaypczqpbzcqxbx  

                       bxayqazcxpcybz 22)22()22(   

                                bxayqazcxpcybz  )()(  
40.  Form the PDE by eliminating the arbitrary function ‘f’ and ‘g’ from  
              z = x2 f(y) + y2g(x).                                    
             Solution:                                                                                                 [AU N/D 2013] 

     

     2...'2

1...

2

22

xgyyxf
x
zp

xgyyfxz









 
     

     4...'2'2

3...2'2

xygyxf
yx

zr

xygyfx
y
zq












 

     

     6....2''

5....''2

2
2

2

2
2

2

xgyfx
y

zt

xgyyf
x

zs












 

                    

       

       8....2'2

7....2'3

2

2

y
xyfpxg

x
yxgqyf







 

      Substituting (7) and (8) in (4), 
   

     

     
 zqypxxyr

yfxxgypxqyxyr

xy
xyfpxyxgqy

y
xyfpy

x
yxgqxr

22
22

222

2222

22

22











 









 




 



 

 
41. Form a PDE eliminating the arbitrary function from the relation    
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       





  y

x
fyz log122       

        Solution:                                                            [AU N/D 2011, M/J 2007, 2014] 

  Given: 





  y

x
fyz log122  

P.d.w.r.to ‘ x ’ & ‘ y ’ we get, 

)1....(log1'
2

log1'2

1log1'20

2

2

2







 









 
















 






y
x

fpx

y
x

f
x

x
y

x
f

x
zp

 















 





y

y
x

fy
y
zq 1log1'22  







  y

xy
fy log1'22  

  )2...(log1'
2
2







 

 y
x

fyyq  

 
    1

2
2
2

2
1

2











 

 yyq

px

 

                   

Result:

       

 

...2
2

1
2

22

22

2

edprequiredtheisyqypx
yqypx

yyq
px









 
42. Form the partial differential equation by eliminating  f and   form   yz xf y x

x
   

 
 

                                                                                                                             [AU N/D 2016] 
     Solution: 

     Given:  yz xf y x
x

   
 

 

        Differentiate with respect to ‘x’ and ‘y’ 
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 

   

' '
2

' ' .... 1

y y yp xf f y x
x x x

y y yp f f y x
x x x





           
    

         
   

 

                      
 

   

'

'

1

.... 2

yq xf x
x x

yq f x
x





     
  
   
 

 

                Differentiate once again with respect to ‘x’ and ‘y’ 

                   
2

2 .....zr
x


 


 

                 Differentiate (2) with respect to ‘x’    

                  
   

 

2
'' '

2

2
''

2

.... 3

1 ..... 4

z y ys f x
x y x x
z yt f

y x x


            
          

 

                    1 2x y    gives 

                 
   

   

' ' '

'

y y ypx qy yf xf xy x yf y x
x x x

yxy x xf y x
x

 

 

                
     

    
 

 

                           ' ..... 5px qy xy x z    
                 use (4) in (3) 

                       'ys t x
x

     

                       'xs yt x
x


     use this  ' x in (5) 

                     
2

xs ytpx qy z xy
x

px qy z xys y t

      
   

 

                      2z px qy xys y t       is the required equation. 
              Result: 

2z px qy xys y t     
 
  43. Find the Partial differential equation of  all planes which are at a constant distance   
          ‘k’ from  the origin.                                                                                [AU N/D 2016]   
      Solution: 
         The equation of the plane in normal form is  ... 1lx my nz k    
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             Where l, m ,n are direction cosines of  the normal form the origin to the plane. 
          Then   2 2 2 2 21 1l m n or n l m       
            (1) becomes 

                             2 21 ... 2lx my l m z k      

                Differentiating (2) partially with respect to ‘x’ and ‘y’  we get  

                              
     

     

2 2 2 2

2 2 2 2

1 0 1 0... 3

1 1 ... 4

l l m p and m l m q

l l m p and m l m q

       

       
 

                 Let us consider,    2 2 2 2 2 21l m l m p q      

                                               2 2 2 2 2 2 2 2l m p q l m p q       

                                               2 2 2 2 2 21l m p q p q      

                                         
2 2

2 2
2 21

p ql m
p q


 
 

 

                                    

2 2
2 2

2 2

2 2

1 1
1

1
1

p ql m
p q

p q


   

 


 

    

                               From (4), 
2 2 2 21 1

p ql and m
p q p q

   
   

 

                                   Substituting the values  of   2 2, 1l m and l m   in (2)  we get  

                                       
2 2 2 2 2 2

1
1 1 1

px qy z k
p q p q p q

   
     

 

                                2 21z px qy a p q     is the required PDE. 

                     Result: 2 21z px qy a p q      
 

Non-Linear Partial Differential Equation 
44. Solve 2222 y+x=q+p                        [AU N/D 2009 M/J 2003, 2005] 
      Solution: 

Given 2222 y+x=q+p  
q)(y, F =p)(x, F =(4) Type 21  

2a =q-y =x-pLet 2222  
2a =x-p 22
,   a +x =p 22  

 a =q-y 222
,      a-y =q 22  
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(3)in    (2) and  (1) Sub  dy     q+dx p= that  Zknow We  

dy  a-y  +dx    a +x =z 22 22   

Result:  b +
a
y cosh 

2
a -

2
a-y

+
2

a +xx+
a
xsinh

2
a   =z 1-

222
1-

222 y






  

         S.I no is  thereC.I isWhich  
45.  Solve   )z +(1 4=9pqz 34                                       [AU M/J 2007, 2008] 
      Solution: 

  )z +(1 4=9pqzGiven  34     ……… (1) 
0=q)p,F(z, Type   )z +(1 4=9pqz 34  

 (1) ofsolution   thebe ay)+f(x=Let Z  
U=ay+put      x  

       a=       ;  1=  
y
u

x
u







 ……… (A) 

f(u)=z  

  (2)  (A) using
 a    =    .   =   = q 

1    =      = =p






































u
z

y
u

u
z

y
z

u
z

x
u

u
z

x
z

 

get  (1)wein   (2) Sub   

) z+(1 4=z 
u
za9 34



















u
z  

   
4

32

9az
)z+4(1=  

du
dz







  

  
4

3

z
)z+(1  

9a
4 =  

4

3

z
z+1  

a3
2  =  

du
dz

  

 
 du =

z+1
dz3z  

2
a

3

2

 

t =  z+1put       3  
dt=dz3z 2  

b+u =
t

dt  
2
a
  

b+ay+x=t2  
2
a  

Result:    )z+1 =t (            b+ay+x=z+1 a 33   
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             C.I is Which  
46. Solve  z = xpq+px  222                             [AU M/J 2009,2010] 
      Solution: 

 222 z = xpq+pxGiven  
  z =(xp)q+(xp)  22   ….. (1) 

0=q) yp,,xF(z,  (5), Type nm  
1=m Here  

logx=Xput  

    x
1 =

x
X

  

x
X

 =Plet  

             
   =  Now

x
X

X
z

x
z








  

  x
1  P=p  

P=xp   …. (2) 
get  we(1)in  (2) sub  

  z =Pq+P  22  …. (3) 
0 =q)p,f(z,  

ay)+X f(=let Z  
ay+X=u      

     a=      ;  1=  
y
u

x
u







 





































 a    =    .   =   = Q 

    =      = =P

u
z

y
u

u
z

y
z

u
z

x
u

u
z

x
z

 …. (4) 

(3)(4)in  Sub  

2
2

z =  .a+
du
dz

du
dz

du
dz







  

2
2

z =a)+(1 







du
dz  

a)+(1
z  ±=

du
dz

 

a)+(1
du  ±=

z
dz
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 a)+(1
du ±=

z
dz

 

 b +(u) 
a)+(1

1 ±=logz ay]+X=U  [   b +ay)+(X  
a)+(1

1   ±= 

 
Result:   b +ay+logx  

a)+(1
1 ±= logz  

 C.I is Which  
47. Solve

 22222 z = qy+px        [AU M/J 2014] 
       Solution: 

 22222 z = qy+pxGiven  
  z =(yq)+(xp)  222   ….. (1) 

0=q) yp,,xF(z,  (5), Type nm  
1=m Here , n=1 

logx=Xput                                           logy=YPut           

    x
1 =

x
X



                                           y
1 =

y
Y



 

           X
z


 =Plet 

                                                Y
z


 =Q  

   x
X

X
z

x
z








   .   =  Now

                                   y
Y  .   = 









Y
z

y
z

 

 x
1  P=p

                                                y
1  Q=q  

           P=xp                                                    Q=yq  
get  we(1)in   sub  

  z =Q+P  222  …. (2) 
0 =q)p,f(z,  

aY+X=u      

     a=      ;  1=  
y
u

x
u







 





































 a    =    .   =   = Q 

    =      = =P

u
z

y
u

u
z

y
z

u
z

x
u

u
z

x
z

 …. (3) 

(2)(3)in  Sub  

2
22

z =  a+ 















du
dz

du
dz  
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22
2

z =)a+(1 







du
dz  

)a+(1
z  ±=

2du
dz

 

)a+(1
du  ±=

2z
dz

 

 )a+(1
du ±=

2z
dz

 

 b +(u) 
)a+(1

1 ±=logz
2

 

        
ay]+X=U  [   b +ay)+(X  

)a+(1
1   ±=

2


 

        
Result:

     
b +alogy)+(logx  

)a+(1
1 ±= logz

2
 

                 C.I iswhich  
 
48. Find the singular integral if  221 qpqypxz   
       Solution:                                                                 [AU N/D 2010, 2013 M/J 2013] 

  Given  
221 qpqypxz   

This is of the form ),( qpfqypxz    (Clairaut’s form) 

Hence, the complete integral is 221 babyaxz   
Where a and b  are arbitrary constants. 

Singular solution is found as follows. 
221 babyaxz    ….. (1) 

Diff (1) w.r.to a & b, we get 

221
0

ba
ax


  

221
0

ba
by


  

221 ba
ax


    ….. (2) 

221 ba
by


    ….. (3) 

   
22

22
22

1 ba
bayx



  
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22

22
22

1
1)(1

ba
bayx



  

            
22

2222
22

1
11

ba
babayx




  

            22
22

1
11

ba
yx


  

         
22

22

1
11

ba
yx


  

         
22

22

1
11

yx
ba


  

because )3(&)2(  
221 yxax   
221 yxby   

2222 1
,

1 yx
yb

yx
xa









  

get  we),1(  insub  

2222

2

22

2

yx1
1

yx1
y-

yx1
x-z








  

  
22

22

yx1
yx1





 

                       

22 yx1 z  

                     
222 yx1 z
 

solutiontheis singular    1zyx 222   
)1(  )( : inabPutNote   

22 )]([a1)( ayaaxz     …. (4) 
Diff (4) P.w.r.to‘a ’, we get 

22 )]([a12

)](')(22[)('0
a

aaayax








   …. (5) 

Eliminate ‘ a ’ between (4) & (5), we get the general solution. 
49. Find the general solution of 2 2z px qy p pq q                            [AU A/M 2017, 18] 
   Solution: 
    Given:     2 2z px qy p pq q      
       This is of  Clairraunt’s  form 
        The complete solution is 2 2 .....(1)z ax by a ab b      
         Diff. partial with respect to ‘a’ and ‘b’ 
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2 2 0

2 2 0

z x a b a b x
a
z y a b a b y
b


      




      


 

 
                 Solving for ‘a’ and ‘b’ 

                      1
1 2 2 1
2 1 1 2

a b
x x
y y

   

                         1
2 2 4 1

a b
y x x y

 
  

 

                         1
2 2 3

a b
y x x y

 
 

 

                    ie          

1 1
2 3 2 3

2 2
3 3

a band
y x x y

y x x ya and b

 
 

 
 

 

                  Sub. in (1) 

                   
      2 22 2 2 2 2 22 2

3 3 9 9 9
y x y x x y x yxy x xy yz
    

      

                   
2 2 2 2 2 2 2 21 3 6 3 6 4 4 2 2 4 4 4

9
z xy x xy y y xy x xy y x xy x xy y                 

                   2 29 3 3 3z xy x y    
                   2 23z xy x y    
                                Which is a Singular Integral. 
           Result: 

2 23z xy x y    
 

50.  Solve  z2(p2+q2)= x2+y2                                                                          [AU N/D 2011, ‘15] 
       Solution: 

Given 22222 )( yxqpz   

         
2222 )()( yxzqzp    …. (1) 

)6 (   ),(),( form  theof isequation  This 21 typeqzyfpzxf mm  
1 mhere  

1 mzZ  
    2zZ   

      x
z

z
Z

x
Z









  
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    zpp 2  zpP


2
 

Similarly zpQ


2
 

get   we(1),equation in  substitute  

22
22

22
yxQP














  

         )(4 2222 yxQP   

                                  
2222 44 QyxP   

This equation is of the form  )4(    ),(),( 21 typeQyfPxf   
)(444 22222 sayaQyxP   

              22222 44   ,44 ayQaxP   

   
2222 2   ,2 ayQaxp   

    QdyPdxdZ   

dyaydxaxdZ 2222 22   

            dyaydxaxdZ 2222 22  

b
a
yaayy

a
xaaxxZ 








  1

2
221

2
22 cosh

22
sinh

22
2  

      
Result:

      
b

a
yaayy

a
xaaxxz   122212222 coshsinh  

              
b

a
y

a
xaayyaxx 



   1122222 coshsinh

 
51. Solve 22qpqypxz   and obtain its singular solution.          [AU A/M 2015] 
           Sol: 

                   
22qpqypxz   

                  This is of the type 
                      ),( qpfqypxz   
                  The C.I   is  

                      )1.....(....................22babyaxz   
            To find singular integral: 

                      )2(....................020).........1( 2 

 abx
a
z

 

                                   )3(....................020 2 

 bay
b
z

 

                              )4.........(....................2)2( 2abx   
                              )5.........(....................2)3( 2bay   
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                          )(12 say
k

ab
a
y

b
x

  

                         )6.......(.........., kxbkya   
             Put (6) in (4) 

                             
 

23

2

2
2

yxk
kxkyx




 

                           )7...(....................
2

13

xy
k 

  
             Put (6) in (1) 

                                22 kxkykxykyxz   
                                

2242 yxkkxy  

                                )7(
2

12 22 fromyx
xy

kkxy 






 
  

                                kxykxy
2
12   

                                kxy
2
3

  

                           

3
3

2
3







 kxyz  

                                
333

8
27 yxk  

                                
33

2
1

8
27 yx

xy 







 
  

                                
22

16
27 yx  

                  Result:      solutiongulartheisyxz sin02716 223   
52. Find the singular integral  of 22 qpqypxz             [AU N/D 2014,17] 
      Solution: 

                   
22 qpqypxz   

         This is of the type 
                   ),( qpfqypxz   
        The C.I   is  

                   )1.....(....................22 babyaxz   
        To find singular integral: 
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                )2...(....................

2
020

2
020).........1(






















ybby
b
z

xaax
a
z

 

                Substituting (2) in (1), we get  

                                

44

4422
22

2222

yx

yxyxz














 

                    Result:   zxy 422     Which is the S.I 
 
53. Obtain the complete solution of 222222 zxqyxp                    [AU A/M 2015] 
       Solution: 

         Given  222222 zxqyxp   
            2x               
                   

22222 zqypx 
 

                      )1(....................2221 zyqpx 
 

               This is of the type    0,, qypxzF nm
 

               Here 1,1  nm  
                Put   yYxX log11  

 
                        

2xX   

                      yy
Yx

x
X 12 








 

              Let   
Y
zQ

X
zP








  

             Now 
y
Y

Y
z

y
z

x
X

X
z

x
z





















 

                       y
QqxPp 1)2(   

                )3(....................)2.........(..........21 QyqPpx 
 

           Sub. (2) and (3) in (1), we get 

                          )4(....................4 222 zQP   
     Let   aYXfz   be the solution of  (4) 

         Put  a
Y
u

X
uaYXu 








 ,1  

                    )(ufz   
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)5.........(..........

,

du
dzaQ

du
dzP

Y
u

du
dz

Y
zQ

X
u

du
dz

X
zP




















                    

             Sub. (5) in (4) 

                        
2

2
2

2

4 z
du
dza

du
dz
















 

                                              2

22

4 a
z

du
dz











 

                                                24 a
z

du
dz











 

                                                   24 a
du

z
dz


                      24

dz du
z a

 


   

                                               b
a

uz 



24

log  

                                               b
a
aYXz 






24
log  

 

               Result:                  b
a

yaxz 





2

2

4
loglog

,    Which is the Complete Integral.
 

ANNA UNIVERSITY QUESTIONS 
1. Solve )()()( yxzqxzypzyx             [AU N/D 2011, 2014, A/M 2018] [Pg. no.19] 
2. Solve    mx -y=z)q-(nx+ny)p-(mz ll                                                                   [Pg. no.19] 
3. Solve 3x-2y=

y
z 2z)-(4x+

x
z  4y)-(3z







                                    [AU N/D 2008 ] [Pg. no.20] 

4. Solve xy     -z=zx)q-(y+yz)p-(x 222
                             [AU N/D,,2015, 2016] [Pg. no.21] 

5. Solve    )y-z(x=z)q+y(x-z)p+  x(y 2222
                                  [AU M/J 2013] [Pg. no.22] 

6. Solve  0=2xz-2xyq+)p z-y-(x 222                   [AU N/D 2001] [Pg. no.23] 
7. Solve (  y)-y)(x+(x=x)q-(yz+xz)p-y                                  [AU M/J 2005] [Pg. no.24] 
8. Solve   22 x-y =qzy +pzx                                         [AU A/M 2009] [Pg. no.25] 
9. Solve 2 2 2 2 2 2(z ) (x z ) (y )x y p y q z x                                         [AU N/D 2016] [Pg. no.26] 
10. Solve )()()( 222 yxzqxzypzyx      [AU N/D 2010] [Pg. no.26] 
11. Solve the partial differential equation xyqyzpzx  )2()2(                                                        
                                                                                                             [AU N/D 2017] [Pg. no.27] 
12. Find the general solution of  )()()( 222222 yxzqxzyzyx                         [Pg. no.28]  
13. Solve:  (y2+z2)p – xyq + xz = 0                                                      [AU N/D 2013] [Pg. no.29] 
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14. Solve the Lagrange’s equation     .22 2 yxqyxzpzx     [AU M/J 2014] [Pg. no.30] 
15. Find the general solution of 2 2( 2 ) ( ) ( )z y yz p xy zx q xy zx       
                                                          [AU N/D 2015, A/M 2017] [Pg. no.31] 
16. Solve   e + xy=)y  30D-DD-(D y6x2''2 

                  [AU M/J 2004, 2009] [Pg. no.31] 
17. Solve  xy   +sinhy e = )z 5D-6DD-(D x''2 2

              AU N/D 2006 , A/M 1997] [Pg. no.33] 

18. Solve   6y)+6sin(3x = )z4DD+D 4D-(D
2''23

       [AU N/D 2010, A/M 2009] [Pg. no.34] 
19. Solve 2 ' ' 2r+ s -6 t= yc o s x  (o r) (D + D D -6 D  )Z  = y  c o s x     
                                      AU M/J 2013, 2014, N/D 2016, A/M 2018] [Pg. no.35] 
20. Solve   2 1 125 6 sinD DD D z y x                                      [AU N/D 2017] ] [Pg. no.36] 

21. Solve   yxezDDD x 22'23 32)2(      [AU N/D 2001] [Pg. no.37] 
22. Solve the equation   )2cos('4'4' 3223 yxzDDDDDD      [AU N/D 2010] [Pg. no.38] 

23. Solve the equation xyxzDDDD  )2cos()'6'7( 323  
                   [AU N/D 2011,2012] [Pg. no.38] 
24. Solve   yxeyxzDDDD 4222 32'2'                                  [AU N/D 2013] [Pg. no.39] 

25. Solve:   yxeyxzDDD  23'2 2                                                [AU N/D 2014] [Pg. no.40] 
26. Solve the equation )2sin()'6'7( 323 yxzDDDD   
                    [AU N/D 2011,2012,2014] [Pg. no.41] 
27. Solve the equation 2 2 2( 4 ' 5 ' ) sin( 2 ) x yD DD D z x y e       [AU A/M 2018] [Pg. no.42] 
28.Solve: yxeyzDDDD 222 )42()'2'3(                                 [AU A/M 2015] [Pg. no.43] 
29. Solve:   yxezDDD x 22'23 322                                             [AU M/J 2016] [Pg. no.44] 
30. Solve    22212 yxzDD                                                    [AU N/D2015] [Pg. no.45] 

31. Solve    yxyzDDDD sincos22 2112                             [AU N/D2015] [Pg. no.46] 
32. Solve    yxeyxzDDDD  222 2                           [AU A/M 2017] [Pg. no.47] 
33.Solve   2 22 x yD DD D z xy e                                           [AU N/D 2017] [Pg. no.49] 

34. Solve 4)2'( 22   yxezDDDD                            [AU N/D 2012] [Pg. no.50] 
35. Solve: )2sin()22''2( '22 yxzDDDDDD                       [AU M/J 2016] [Pg. no.50] 
36. Solve   )2()'22'2'3( 22 yxSinzDDDDDD       [AU A/M 2017] [Pg. no.51] 
37. Solve yxezDDDDDD  )'36''2( 22                           [AU N/D 2010] [Pg. no.52] 

38. Solve yxezDDDDDD  222 )2'23''2(               [AU N/D 2001] [Pg. no.53] 
39. Form the PDE by eliminating the arbitrary constants   from     

0),( 222  czbyaxzyx                                                        [AU N/D 2010] [Pg. no.54] 
                                                                                   
40.  Form the PDE by eliminating the arbitrary function ‘f’ and ‘g’ from  
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              z = x2 f(y) + y2g(x).                                                            [AU N/D 2013] [Pg. no.54] 
41. Form a PDE eliminating the arbitrary function from the relation    

       





  y

x
fyz log122                                 [AU N/D 2011, M/J 2007, 2014] [Pg. no.55] 

42. Form the partial differential equation by eliminating  f and   form   yz xf y x
x

   
 

 

                                                                                                         [AU N/D 2016] [Pg. no.56]. 
43. Find the Partial differential equation of  all planes which are at a constant distance     
        ‘k’ from   the origin.                                                                [AU N/D 2016] [Pg. no.57]   
44. Solve 2222 y+x=q+p           [AU N/D 2009 M/J 2003, 2005] [Pg. no.58] 
45.  Solve   )z +(1 4=9pqz 34                           [AU M/J 2007, 2008] [Pg. no.58] 
46. Solve  z = xpq+px  222                             [AU M/J 2009,2010] [Pg. no.59] 

47. Solve
 22222 z = qy+px                           [AU M/J 2014] [Pg. no.60] 

48. Find the singular integral if  221 qpqypxz   [AU  2013 M/J 2013] [Pg. no.61] 
49. Find the general solution of 2 2z px qy p pq q     [AU A/M 2017, 2018] [Pg. no.63] 
50.  Solve  z2(p2+q2)= x2+y2                                               [AU N/D 2011, ‘15][Pg. no: 64]

  

51. Solve 22qpqypxz   and obtain its singular solution.           AU A/M 2015] [Pg. no.65] 
52. Find the singular solution of 22 qpqypxz             [AU N/D 2014,2017] [Pg. no.66] 
53. Obtain the complete solution of 222222 zxqyxp                    [AU A/M 2015] [Pg. no.66] 
 

PARTIAL DIFFERENTIAL EQUATIONS 
PART – A (2-Marks Questions) 

 
1. Form a PDE by eliminating the arbitrary constants  from [Mar/Apr 

2009]] 
2. Form a PDE by eliminating  and  form              [Nov 2009] 

3. Form a PDE by eliminating the arbitrary constants  in   [Apr 2011] 
4. Form a partial differential equation by eliminating the  constants and form

 
5. Form a partial differential equation by eliminating the  constants and form  

                                                                                             [AU M/J 2014] 

6. Form a PDE by eliminating the arbitrary constants   from                                                                                                                                           
7. Form a PDE by eliminating the arbitrary constants  in  Apr 

2011,  
8. Find the PDE of the family of sphere having their center on the line   

          [AU Nov 2004] 

22 )()( byaxz 

a b ))(( 2222 byaxz 

1)()( 22  byaxz
a b

nn byaxz 

a b
33 byaxz 

)3)(2( 2 byaxz 

1)()( 222  zbyax

zyx 
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9. Obtain  the PDE by eliminating the arbitrary constant and from

                                                          [AU Nov 2011, Apr 2007] 
10. Form a PDE by eliminating the arbitrary function  from     [AU Apr 2008, ] 

11. Form a P.D.E by eliminating the arbitrary function  from    [ AU Apr 2008]                                                                      

12. Form a PDE by eliminating the arbitrary function  from  
                                                                                          [AU Nov 2005, May 2004] 

13. Eliminating the arbitrary function from  and form the PDE.   [Apr 2007] 

14. Solve  
     

[May 2008, Apr 2007] 

15. PDE by Form a eliminating the arbitrary function from the relation 

 
16.Solve                                         [May 2010, Mar 
2008] 
17.Find the singular integral of                                                [Oct 95] 
18. Solve                             [Mar 2007, Dec 2004] 
19. Solve the equation                                       [Apr 2005, Nov 2001] 
20. Solve the equation  

21. Find the solution of                              [May 2010/ Mar 2007/2006] 

22. Find the solution of 
                          

[Apr 2006, May 2005]
 

23. What is the C.F of                                      [Oct 98] 

24. Write the particular integral of  

25. Solve                              [Nov 2009, May2007] 
26.  If the auxiliary equation  has r equal roots  
27. what is the corresponding part in the complementary function? 

28. Find the P.I of                            [BDN, Apr 97] 
29.Find the PDE of the family of spheres having their centers on the z-axis. 
30. Solve the equation  

31. Form the PDE by eliminating the arbitrary function from  

a b baxyxyz  22

)( 22 yxfz 

)( 22 yxfz 

 0),(  zyxyx

f 







z
xyfz

x
x
z sin



f









 x

y
gxz log122

1 qp

)log( yxqp 

pqqypxz 2

qyxyp log2 

zyqxp tantantan 

zyqxp 

04 2

2

2

2









y
z

x
z

yxzDDDD  )44( 2'2

)sin()( '2 yxzDDD 

0)2( 2''2  zDDDD

0)( mf rmmmm  321

yxezDDDD  )2( 2''2

0)( 3'  zDD









z
xfxyz 2
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32. Solve  
33. Find the complete integral of  
34. Solve                                     [Nov/Dec 2012] 

35. Solve                                                                         [AU N/D 2013] 

36. Solve                                                   [AU M/J 2014] 

37. Define Clairaut’s form 

38. When PDE is said to be Linear 

39.Distinguish between homogenous and non-homogenous p.d.e 

40.Solve  p cot x  + q cot y  = cot z 

      PART-B 
 
1. (a)Solve                      [Dec 2011, Apr 2008, May 2018] 

(b)Solve                                           [Nov 86  / Apr 86] 

2.(a) Solve                                [Dec 2008 / May 2000] 

(b) Solve the partial differential equation xyqyzpzx  )2()2(                                                        
                                                                                                             [AU N/D 2017] 

3.(a)Solve                      [Nov 2008  /May/June 2013] 

    (b).Solve  

4.    (a).Solve (                            [May 2005,Apr 2004] 

(b)Solve                                           [Dec 2008,Apr 2009] 

5.  (a) Solve   2 22 x yD DD D z xy e                                           [AU N/D 2017]  

(b). Solve   2 1 125 6 sinD DD D z y x                                      [AU N/D 2017] 

6. (a).Solve                 [Dec 2010,May 2009] 

       (b).Solve                           [AU M/J 2013, 2014, 2018] 

7. (a). Solve the equation 2 2 2( 4 ' 5 ' ) sin( 2 ) x yD DD D z x y e       [AU A/M 2018]  

       (b).  

                         
[Mar 2007/Apr  2001] 

0)'6'7( 22  zDDDD
qxp 2

0)1')(1(  zDDD

0
2

2

2














x
z

yx
z

x
z

  0'44  zDD

)()()( yxzqxzypzyx 

mx -ly=lz)q-(nx+ny)p-(mz

3x-2y=
y
z 2z)-(4x+

x
z  4y)-(3z







   )y-z(x=z)q+y(x-z)p+  x(y 2222

 0=2xz-2xyq+)p z-y-(x 222

 y)-y)(x+(x=x)q-(yz+xz)p-y

 22 x-y =qzy +pzx

  6y)+6sin(3x = )z4DD+D 4D-(D
2''23

ycosx   =6t-s+r

  relating from gfunction arbitary   thegeleminatinby  PDE  theForm

    0=z+y+x,
x
y g  222 







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 8 . (a).Solve                                [Dec 2009 / May 2005, 2003] 

      (b).Solve                          [May 2008,June 2007,Mar 2003] 

9. (a).Solve                                                  [Apr 2010 / 2009] 

      (b).Solve                                                                               [AU M/J 2014] 

10. (a)Solve                                          [Nov/Dec 2001] 

 (b).Solve                          [Nov/Dec 2001] 

11.(a) Find the singular integral if       [M/J 2013,N/D 2013] 

      (b).Solve                                             [Nov/Dec 2010] 

12.(a).Form the PDE by eliminating the arbitrary constants from 

                                                [Nov/Dec 2010] 

       (b).Solve                                     [Nov/Dec 2010] 

13.(a)Solve the equation               [Nov/Dec 2010] 

      (b).
 Find the general solution of 2 2z px qy p pq q     [AU A/M 2017, 2018] 

14.(a).Solve the equation                                                                     

      (b).Solve the partial differential equation    [N/D 2011/2012] 

15. (a).Solve             [Nov/Dec 2012] 

      (b).Find the general solution of       [ Apr 2001]                                             

16.(a)Solve                                          [AU N/D 2013] 

       (b)Solve:  (y2+z2)p – xyq + xz = 0                                                                [AU N/D 2013] 

17.(a). Form the PDE by eliminating the arbitrary function ‘f’ and ‘g’ from 

Z = x2 f(y) + y2g(x).                                                                                      [AU N/D 2013] 

      (b).PDE by Form a eliminating the arbitrary function from the relation 

                                            
[Nov 2011, May 2007, M/J 2014] 

2222 y+x=q+p

  )z +(1 4=9pqz 34

 z = xpq+px  222

 22222 z = qy+px

yxezDDD x 22'23 32)2( 

yxezDDDDDD  222 )2'23''2(

221 qpqypxz 

)()()( 222 yxzqxzypzyx 



0),( 222  czbyaxzyx

yxezDDDDDD  )'36''2( 22

  )2cos('4'4'3 3223 yxzDDDDD 

xyxzDDDD  )2cos()'6'7( 323

xyqyzpzx  )2()2(

4)2'( 22   yxezDDDD

)()()( 222222 yxzqxzyzyx 

  yxeyxzDDDD 4222 32'2' 







  y

x
fyz log122
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18. a). Solve the Lagrange’s equation            [AU M/J 2014] 

      b).  Solve (D – D’ – 1)(D – D’ – 2) z = e2x – y 

19. a) . Solve (2DD’ + D’2 -3D’) z = 3 cos (3x – 2y) 

      b). Solve   

20. a).Solve  

       b). Solve (zp + x)2 + (zq + y)2  = 1 

21.a) Solve  and obtain its singular solution.          [AU A/M 2015]  

      b)Find the singular solution of                    [AU N/D 2014, 2017]           

 
 

 
 

    .22 2 yxqyxzpzx 

z = qy+px 22

22222 y+x=)q+(pz

22qpqypxz 

22 qpqypxz 
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PART-A 
 

1. State the sufficient condition for )(xf to be expressed as a Fourier series. 
       Solution:                                                                                       [A.U A/M 2017] 

            Any function )(xf  can be developed as a Fourier series     

               nxbnxaa
n

n
n

n
o sincos

2 11









   

   where nno baa ,, are constants provided it satisfies the following Dirichlet’s conditions 
(i) )(xf is periodic, single valued and finite. 
(ii) )(xf  has a finite number of finite discontinuities in any one period and has no 

infinite     discontinuity. 
(iii) )(xf  has at the most  a finite number of maxima and minima. 

2. Obtain the first term of the Fourier series for the function   xxxf ,)( 2

                                                 
        Solution:               [A.U NOV. 2009] 

   Given   xxxf ,)( 2  
    Here    2)()( xxf   , therefore )(xf  is an even function. 

   Hence 0nb  

    So we get  )(xf = 0

1
cos

2 n
n

a a nx




  

    First term of the Fourier series is  0
1 cos ............(1)

2
a a x   

            0
0

2 ( )a f x dx



   

                         dxx


 0

22  

                      
3

0

2
3
x




 

  
 

 

                      2
0

2
3

a   

               2

0

2 cosnna x xdx



   

              2
1

0

2 cosa x xdx



 

 

                    


 0

2 )(sin2 xdx  

                                                         2

0

2 sin 2 cos 2 sinx x x x x



       
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                                                               2 2 ( 1)


   

                                               1 4a    

                                   )1(.insub   xxf cos)4(
2

3
2

)(
2




 

                                                          xcos4
3

2




 
 

3.   If   
  nx

n
x

n

n

cos14
3 1

2

2
2 









, deduce that 

6
......

3
1

2
1

1
1 2

222


 .     [A.U.MAY 2010] 

        Solution: 
      Deduction : Put x  is a point of continuity 
    

2
2

2
1

14 1 1
3

n n

n n







     

 
2

2
2

1

14
3 n n







    

 
2

2
2 2 2

1 1 14 .....
3 1 2 3


       
 

 

  
2

2 2 2

1 1 1 .....
6 1 2 3
      

 
 

 
2

2 2 2

1 1 1( . ., ) ......
1 2 3 6

i e 
   

            

 
4.  Find the constant term in the expansion of x2cos  as a Fourier series in the interval   
      ),(  .                                               

 

    Solution:                                                                                                [A.U.NOV. 2010] 

       Given 
2

2cos1cos)( 2 xxxf 
   is an even function in the interval ),(   

   To find oa : 

         0
0

2 ( )a f x dx



   

             ,
2

2cos12

0

dxx







        

      
dxxa  



 0
0 )2cos1(1

0

1 sin 2
2

xx



   
 

1  
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5. Find the Root mean square value of 2)( xxf  in ),0( l             [A.U.NOV. 2010] 

Solution:         R.M.S value  
ab

dxxf
b

a



 2)]([

 

                               
0

)(
0

22





l

dxx
l

 

                                
l

dxx
l


 0

4

 

                                
l

x
l











5

5

0  

                                
5

2l
  

6. Give the expression for the Fourier series coefficient nb for the function )(xf  defined in   
        )2,2( .                                                                                                        
    Solution:                                                                                                        [A.U MAY 2011] 
  Here 2,42  ll  

                   dx
l
xnxf

l
b

l

n
sin)(2

0
  

                               dxxnxf
2

sin)(
2
2 2

0


  

                           dxxnxf
2

sin)(
2

0


  

7.   Without finding the values of 0 , ,n na a b the Fourier coefficients of Fourier series, for the    
          function 2)( xxf   in the interval ),0(  Find the value of     

2
2 20

12 n n
n

a a b




  .    

     Solution:           [A.U MAY 2011] 

               We know that    dxxf
2

0

)(1 

  
2

2 20

1

1
4 2 n n

n

a a b




    ……………….(1) 

                     (1)x2      dxxf
2

0

)(2 

  
2

2 20

12 n n
n

a a b




   

                                   dxx


 0

42  
2

2 20

12 n n
n

a a b




   
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                             







5

5
2

0

x



 

2
2 20

12 n n
n

a a b




   

                                     4

5
2  

2
2 20

12 n n
n

a a b




 
 

8. Find the RMS value of the function xxf )( in ),0( l .                           [A.U.DEC 2011] 
        Solution: 

              R.M.S value  
ab

dxxf
b

a



 2)]([

 

                                     
0

)(
0

2





l

dxx
l

 

                                     
l

dxx
l


 0

2

 

                                      
l

x
l











3

3

0  

                                       
3

l


  
 9. Define RMS value of a function )(xf over the interval ),( ba .                [A.U A/M 2018] 

    Solution:     

              Let )(xf be a function defined in an interval ),( ba then  
ab

dxxf
b

a



 2)]([
   is called the      

                            RMS value. 
10. Determine the value of na in the Fourier series expansion of  3)( xxf  in ),(  .                                                                          
        Solution:                                                                                                      [A.U MAY 2008] 
                      Let 3)( xxf   

          3)( xxf   

        ( )f x   
              Therefore )(xf is an odd function 
                  Hence 0 0 0na and a   

11. If xxf 2)(   in the interval )4,0( , then find the value of 2a in the Fourier series  
        expansion .                                           
         Solution:                                                                                                   [A.U NOV.2008] 

                   Here 2,42  ll  
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                          dx
l
xnxf

l
a

l

n
cos)(1 2

0
  

                          
dxxnxfan 2

cos)(
2
1 4

0


  

                                     
dxxxa

2
2cos2

2
1 4

0
2


  

                                    
xdxx cos

4

0
  

                                    

4

0

2
sin cosx xx  
 


    

  

 

                 0  

12. The Fourier series expansion of )(xf   in )2,0(     is 





1

sin)(
n n

nxxf   . Find the RMS   

    value  of )(xf   in the interval )2,0(   .                                           [A.U NOV.2008] 

Solution:          





1

sin)(
n n

nxxf
 

 0
10, 0,n nFrom this we get a a b
n

    

 ( ) (0, 2 )RMS of f x in is  

  
2
0

2 2 2

1

1
4 2 n n

n

ay a b




    

 
2

1

1 1
2 n n





   
 

                                

13. Let )(xf  be defined in the interval )2,0(  by 



















2,cos

0,cos1
)(

xx

x
x

x
xf     

     )()2( xfxf   . Find the value of )(f .                                 [A.U MAY 2009]     
Solution:              Is the discontinuous point in the middle . 

                             
)1......(..........

2
)()()( 


 ffxf  

                           0
0cos1cos1lim










 


 x
x

x
 

                 By using L Hospital rule  

                                 
lim limsin sin 0

1
x x

x x 


 
 

 

                                       
  0 cos1 ( )

2
f x 

   2
1
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       14. Find nb in the expansion of 2x as a Fourier series in ),(               [A.U A/M 2018] 
         Solution: 

 Given 2)( xxf  is an even function in the interval ),(   0 nb  
15.   If  f x is an odd function defined in   ,l l  ,what are the values of  a0 , an.           

Solution:                                                                                                   [AU Dec 2005]      
  Given )(xf is an odd function in the interval ),( ll  

           0 0, 0na a     
         16.  In the Fourier series expansion of   

             ),(
0,21

0,21
)( 





 












 in

xx

xx

xf   Find the value of nb .            [A.U MAY 2005]                                     

         Solution:           Given 



















xx

xx

xf
0,21

0,21
)(  

               Let 











xx
xx

xf
0),(

0),(
)(

2

1  

        Where   )(1 x

x21 , )(2 x


x21  

           Here )(21)( 12 xxx 


   

         The function )(xf is an even function. Hence   0nb . 
   17. Find the half range sine series for  xinkxf 0)( .                  [A.U MAY 2001] 

              Solution:           The sine series of )(xf in ),0(  is given by 

              )1.....(....................sin)(
1

nxbxf
n

n




  

        Where 


 0

sin2 nxdxkbn  

                       


 0

cos2








n
nxkbn  

                              0coscos2
 


n

n
k      n

n
k 112




 

                        






 oddisnwhen
n

k
evenisnwhen

bn


4
0

 

                        nx
n

kxf
isoddn

sin4)( 



     1

4 sin(2 1)( )
(2 1)n

k n xf x
n









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18. If 2243)( 3  xinxxxf then find the value of 1a .         [A.U DEC. 2009 ] 
            Solution: 

        In the Fourier series expansion 

       2243)( 3  xinxxxf  

      
3)(4)(3)( xxxf   

       343)( xxxf   
                  )(xf  
    Therefore given function is odd function. 
          Hence 0 0, 0na a   
     Therefore  01 a . 

19.  Write down the complex form of the Fourier series for  ( ) ( , )f x in l l .                                             
          Solution:                                                                                                 [A.U N/D 2017] 

      The complex form of the Fourier series for ( ) ( , )f x in l l  

        
( )

in x

l
n

n
f x C e






   

    Where 1 ( ) 0, 1, 2,......
2

in xl
l

n
l

C f x e dx for all n
l





   
 

      20.  State the Parseval’s theorem in Fourier series.                                   [A.U MAY 2011] 
         Solution:   
                 Let )(xf be a periodic function with period 2 defined in the interval ),(  .    
           Then                  

            





1

22
22

2
1

4
)(

2
1

n
nn

o baadxxf



  Where nno bandaa ,  are Fourier coefficients of  f(x)  

      21. If the Fourier series of 











xforx
xfor

xf
0sin

00
)(  is    

                  2
1

1 2 2 1( ) cos sin
4 1 2n

nxf x x
n 





     
 . Find nb .                            [A.U MAY 2011] 

Solution:    

              We know that  





1

sincos
2

)(
n

nn
o nxbnxaaxf  

                        Given:  2
1

1 2 2 1( ) cos sin
4 1 2n

nxf x x
n 





     


 
             Comparing   we   get   )1(0  nifbn  

            1
1b


                           
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22. If )(xf is expanded as a half range cosine series, Express   dxxf
l


0

2)(  in terms of 

0 na and a .                                                       

      Solution:          
2

2 20

1

1 1( )
4 2

l

n
no

af x dx a
l





  
 

        23. Find the RMS value of 101)(  xinxxf                              [A.U MAY 2010] 
           Solution: 

                Given 101)(  xinxxf  

                                dxxf
ab

y
b

a

2
2

)(1


  

                               dxxy
21

0

2
1

01
1
 


  

                              dxxxy  
1

0

22
21  

                                  
1

0

32

32
2










xxx  

                                
2 1

3
y   

                             
3

1
y

 
       24. If )(xf  is an odd function in the interval  )1,1(  , what are the values of 0 na and a .   
           Solution:                                                                                                   [A.U MAY 2010]                      
                                   functionoddanisxf                                                                                                               

                             0 0 0na and a  . 
       25. Check whether 21)( xxxf   is odd or even.   
         Solution:             
                                            

21)( xxxf     

                                
2)(1)( xxxf   

                               
21)( xxxf   

                               )()( xfxf   
                             It is neither  even  nor  odd. 

        26. Find the coefficient 8a of cos 8x  in the F.C.T of the function xxf 8sin)(   in ),0(  .                                
     Solution:  
               Given xxf 8sin)(     is   an    odd function. 
 0 na  

          08 a  Since it is odd function. 
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27. Determine nb in Fourier series expansion  xxf  
2
1)(  in the interval 

20  x .   
         Solution:    

                        nxdxxbn sin
2

1 2

0
 






 


 


 

                      





2

0
2

sin1cos
2
1















 






 

n
nx

n
nxx  

                              






 

nn
n 0cos2cos

2
1 


 

                               11
2




n

       

                            
n

bn
1


 

28. If 






  ............

2
2sin

1
sin2 xxx  in  x0 . Prove that 

6
1 2

1
2






n n
 . 

           Solution:  

                     The sine series of xxf )(  is given by 
  nx

n
xf

n

n

sin12)(
1

1







  

           The Parseval’s Identity 

                   
 22

0

2 (x)nb f dx



   

              

3

2
1 0

1 24
3n

x
n









 
  

 
  

                

2

2
1

4 2
3n n





 

                                         

2

2
1

1
6n n





 

 
29. Find na in expanding xe as Fourier series ),(  .                           

           Solution:               Given xexf )(  
               xx eexf   )()(  
       )(xf is neither even nor odd function 

           






nxdxxfan cos)(1

 

                          






nxdxe x cos1
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                                     
 





















 nxnnx
n

e x

sincos
1

1
22  

                                       


































0)1(
1

0)1(
1

1
22

nn

n
e

n
e 

  

                                  


















22 1
)1(

1
)1(1

n
e

n
e nn 


 

                                    







 ee
n

n

)1(
)1(

2         


sinh2
)1(

)1(
2n

n





 

30. Find the value of  a0 in the fourier series expansion of f(x) = xe in )2,0(  .         
Solution:                                                                                                        [AU Nov 2013]                         

                Given xexf )(  

                            




2

0
0 )(1 dxxfa  

                                                        




2

0

1 dxe x  

                                                          


2
0

1 xe  11 2  


e   

 
31.  What is the sum of the Fourier series at a point oxx  where the function )(xf  has    
         a  finite discontinuity .                                                                                             

        Solution: 
             Let )(xf can be expanded has a Fourier series  

                    
)2,(sincos

2 1

lccin
l
xnb

l
xnaa

n
nn

o 





 





  

         In the series converges to  

           continuityofpoaisxifxf oo int)(  

            
itydiscontinuofpoaisxifxfxf

o
oo int''

2
)0()0( 

 
32.   In the expansion of ),(sinh)(  inxxf  as a Fourier series, find the  
         coefficient of nb .

       Solution: 
        )(sinh)sinh()(,sinh)( xfxxxfxxf   
   Since )(xf even function, the Fourier coefficient 0nb . 

         33.  Find the Fourier constants nb  for xx sin  in ),(  .                   [A.U DEC 2013]                   
         Solution: 

                  Given xxxf sin)(  in ),(   

                           )sin()( xxxf   
                                       xx sin  
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                          )( xf   = )(xf  

                   )(xf  is an even function 
                      Hence 0nb  
 

34. State Parseval’s Identity for the half range cosine expansion of )(xf in )1,0( .   

Solution:          
1 2

2 20

10

1( )
4 2 n

n

af x dx a




  
 

35. State whether xy tan can be expanded as a Fourier series. If so how ?If not why?  
         Solution: 
                           Tan x cannot be expanded as a Fourier series. Since xtan  does not      

     satisfies  Dirichlet’s  condition. 
 

36. Write 0, na a in the expansion of 3xx  as a Fourier series in ),(  . [A.U DEC 2010] 
           Solution: 

                        )(xf 3xx   

                       )( xf  3xx   

                                  )( 3xx   
                                  )(xf  

                        )(xf is an odd function in ),(   
                             Hence 0 0 0na and a   

37. If )(xf 2xx  is expressed as a Fourier series in the interval )2,2(  to which the  
           value this series converges at 2x .                                         [A.U MAY2003] 

           Solution: 
                          2x is a point of discontinuity in the extreme. 

                                    2
)2()2(

2
)( ff

xat
xf 




 

                                                    
2

]22[)]2()2[( 22 
  

                                                    
2

]24[]24[ 
  

                                                    4  
    
    38. Find the sine series of function    xxf 0,1 .            [A.U N/D 2015, N/D 2016] 
            Solution: 

                      The Sine series of )(xf in ),0(   is given by  

                                        
nxbxf

n
n sin)(

1





  
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                                Where 


 0

sin2 dxnxbn  

                                               


 0

cos2








n
nx  

                                                
 0cos2 nx

n


   

                                               112
 n

n  
                          n

n
112




 

                                       






 oddisnif
n

evenisnif
bn


4
0

 

                                  nx
n

xf
oddn

sin4)( 





  

                          
nx

n
xf

oddn
sin14)( 






  

                          

 
1,2,3,...

sin 2 14( )
2 1n

n x
f x

n









 

  39.  Find the half range sine series expansion of f(x) = 1 in (0, 2)                  [A.U  Nov 2013]
           Solution: 

              In Sine series of )(xf in )2,0(  

                  l
xnbxf

n
n

sin)(
1






    

                  Here   2l  

            Where 
2

0 2
sin)(2 dxxnxf

l
bn

  

                         

2

0
2

2
cos

2
2
























n

xn

 

                                 
2

02
cos2










xn

n



  

                                                                 1)1(21
2

2cos2











  n

n
n

n 



          

                                                                 2 1 ( 1)n

n
  
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  40.  What do you mean by Harmonic analysis?                       [A.U MAY 2010/MAY2013] 
            Solution: 

      
     The process of finding Euler Constants for a tabular function is known as Harmonic    
analysis. 

  

 41. If 











250
0cos

)(
xif

xifx
xf and xallforxfxf )2()(   Find the sum     of the   

         Fourier series of xatxf )( .                                                          [A.U NOV 2007] 
 
         Solution: 

         To Find xatxf )( : 

            x  is a discontinuous point in the middle 

                 
)1.......(..........

2
)()()( 


 fff  

               
1)(

0
lim

)(
0

lim
)( 





 hf

h
hxf

h
f   

               
5050

0
lim

)(
0

lim
)( 







h
hxf

h
f   

             2
49

2
501)()1( 


 f

 
 

42.  To which the value, the half range sine series corresponding to 2)( xxf   expressed in   
        the interval )2,0(  converges at 2x ?                                        

          Solution: 
             Given 2)( xxf   

            2x  is a point of discontinuity and also it is an end point. 

              Since 








02,

20,
)( 2

2

xx
xx

xf  

             The half range sine series corresponding to 2)( xxf   expressed 
                                   in the interval )2,0(       

                                     converges at 2x is 
2

)2()0( ff   

                                               (I.e.,)  
2

)2()0(
2

)( ff
xat

xf 



 

                                                                      
2

40  

                                                                      2  
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    43. If the Fourier series for the function 










2sin

00
)(

xifx
xif

xf  

      
xxxxxf sin

2
1......

7.5
6cos

5.3
4cos

3.1
2cos21)( 



 


 

      Deduce that 
4

2......
7.5

1
5.3

1
3.1

1 



                                       
[A.U MAY 2004] 

          Solution: 

          Put 
2


x  is a point continuity. 

                2
1......

7.5
1

5.3
1

3.1
1210 



 


 

                            2
1......

7.5
1

5.3
1

3.1
121





 


 

            




  ......

7.5
1

5.3
1

3.1
12

2
11


 

                       




 

 ......
7.5

1
5.3

1
3.1

12
2

2


  

                                   
22

)2(.....
7.5

1
5.3

1
3.1

1 







 

  

                                                        
4

2

 . 

44. If 20cos1)(  xinxxf  has a Fourier series expansion,     

         nx
nn

cos
14

12422
1

2


 



, find the value of   



 1
2 14
1

n n
.                          

            Solution:       Given: )(xf   )1...(....................cos
14

12422
1

2 nx
nn




 



 

                                     Put 0x (is a point of continuity) 

                                     




 0
)(

xat
xf

011cos1  x  

                                 (1) implies   


 


1
2 14
124220

n n
  

                                                    


 


1
2 14
12422

n n
 

                                                             


 


1
2 14
1

2
1

n n   

 





1

2 2
1

14
1

n n  
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    45.  State the Dirichlet’s  conditions for the existence of the Fourier expansion of ( )f x , in  

       the interval ( , 2 )c c l .                                   [A.U.NOV 2011, N/D 2016, N/D 2017]                                       
           Solution:  Any function )(xf  can be developed as a Fourier series in 2c x c l       

               
1 1

cos sin
2
o

n n
n n

a n x n xa b
l l
  

 

    where nno baa ,, are constants provided it           

             satisfies        
                     the following Dirichlet’s conditions 

(i)  )(xf  is defined and single valued except possibly at a finite    number of points 
in ( , 2 )c c l . 

(ii) )(xf is periodic in ( , 2 )c c l . 
(iii) )(xf and 1( )f x are piecewise continuous in ( , 2 )c c l . 
(iv) )(xf  has  no or finite number of maxima and minima ( , 2 )c c l . 

 

46.  If 





1

2

2
2 cos4

3
)(

n n
nxx   in 20  x  then deduct that 



1
2

1
n n  

  [AU NOV/DEC 2014] 
      Solution:   Let 2)()( xxf    and 0x  is point of discontinuity 

            
2

2
2

1

14
3 n n







    

                  
2

2
2

1

14
3 n n







    

                        
2

2
1

1
6 n n
 



   

              (0) (2 )( )
2

f ff x 
  

          
2 2

2

2
 




                                                

47.  If the fourier series of the function xxxxf  ,)(  with period 2  is given by 







  ...

4
4sin

3
3sin

2
2sinsin2)( xxxxxf then find the sum of the series ...

7
1

5
1

3
11   

                                                                                                                           [AU A/M 2015] 

Solution:     let 
2


x  is point of continuity                 
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     






  ...

4
4sin

3
3sin

2
2sinsin2

2
222

2




                    

4
...

7
1

5
1

3
11 







   

48. The instantaneous current ""i at time t of an alternating current wave is given by        
       ...)(sin)(sin)(sin 553311   tItItIi  find the effective value of  the   
        current ""i                                                                                                     [A.U A/M 2015] 

   Solution:         





1

)(sin
n

nn tIi   

      R.M.S value of     22

0

1 ( )i f x dx



   

            2

0

1 ( )i f x dx



   

( )or  

       
0

0

21 ( )
t T

eff
t

i V t dt
T



   

 49. Find the root mean square value of    ( ) 0 .f x x l x in x l          [A.U. N/D 2015] 

      Solution:   Given     f x x l x   

           
  2

b

a

f x dx

b a

  





 

                                                            
  2

0

0

l

x l x dx

l

  





 

 

                                                            

3 4 5
2 2

3 4 5
x x xl l

l

 
  

 
 

 

                                                              

5 5 5

2
3 4 5
l l l

l

 
  

   

                                                              
2

30
l

  
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50.  Find the value of the Fourier series of    
 


 


cin

cin
xf

,01
0,0

     at the point of     

        discontinuity x=0.                                                                      [A.U. M/J 2016]                                               
 Solution: 

 Given      
 


 


cin

cin
xf

,01
0,0

     at   x=0  is a discontinuity point, 

 

      
2

cfcfxf   

  
2

10 xf  

 
2
1  

51. Find the value of nb in the Fourier series expansion of    
 











,0
0,

inx
inx

xf  

     [A.U. M/J 2016] 

Solution:             Given    
 











,0
0,

inx
inx

xf  

        xx1  
                                        xx2  
                   xxx 21    
                                    functionevenanisxf  
    .0 nb  
52. If the Fourier series of the function 2(x) x xf   , in the interval ( , )  is 

2

2
1

4 2( 1) cos sin
3

n

n
nx nx

n n
 



     


 

then find the value of the infinite series 
2 2 2

1 1 1 .........
1 2 3
    

 
Solution:                                                                                                           [A.U. A/M 2017] 
 
 

Given  
2

2
1

4 2(x) ( 1) cos sin
3

n

n
f nx nx

n n
 



      
  

let x   is point of discontinuity                 
2 2 2

2
2

1

4
3 2n n
     





  
        

2 2
2

2
1

4 2
3 3n n
 





     

                                         
2

2 2 2

1 1 1 .........
1 2 3 6


     



MA8353-Transforms and Partial Differential Equations                      Unit- II                          Fourier Series  
 

Department Of Mathematics                              Mailam Engineering College  Page 18 
 

PART-B 
 

             PROBLEMS IN THE INTERVAL )2,0(   
 

                    FORMULA   :   









11

0 sincos
2

)(
n

n
n

n nxbnxaaxf  

                                                 




2

0
0 )(1 dxxfa ,  

                                                 




2

0

cos)(1 dxnxxfan  

                                                




2

0

sin)(1 dxnxxfbn  

1. Find the Fourier series expansion of f(x) = 0
2 2
x for x

x for x


  
 

   
Also, deduce that           

       
8

.........
7
1

5
1

3
1

1
1 2

2222




                                                               
 

           Solution: 

      Formula:   Fourier series  










1n
sinnxnb

1n
cosnxna

2
0a

f(x)  

     To find a0: 
                   





2

0
)(1

0 dxxfa  

                           







 









2
)2(

0
1 dxxdxx
























































2

2

2
2

02

21 xxx  

                                           



























2

222
2

2424
2

21 
 













2

22π
π
1   

                   0a   
     To find an: 

                          

2π1 f(x) cosnx dxn π 0
a    









 

2π

π
dxcosnxx)(2π

π

0
dxcosnxx

π
1                                                          

   
π 2π

1 sinnx cosnx sinnx -cosnxx 2π x 12 2π n nn n0 π

                           
           

        

                            


















 


























 
 2n

n1)(02n

102n

102n

n1)(0
π
1   1n12nπ

2

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4
2

0
n

if n is odd
a n

if n is even



 

         

 

To find bn: 

           

2π1 f(x) sinnx dx
π 0

nb    

                   







 

2π

π
dxsinnxx)(2π

π

0
dxsinnxx

π
1  

                               






































 



























 

2π

π
2n

sinnx
n

cosnxx2π
π

0
2n

sinnx
n

cosnxx
π
1        

                                 







 





n

n1π
n

n1π
π
1

 
                 0nb   

   Hence required Fourier series is     










1n
sinnxnb

1n
cosnxna

2
0a

f(x)  

               







oddn
cosnx2πn

4
2
πf(x)  

               





oddn
cosnx2n

1
π
4

2
πf(x)  

               
 










1n
1)xcos(2n212n

1
π
4

2
πf(x)  

2nd part:  
         Put   x=0 is a point of discontinuity 

         f(0) f(2π) 0 0f(x) 0
2 2
 

    

                  



 


1n 212n

1
π
4

2
π0  

                    2
π

1n 212n

1
π
4




 
  

     Result:    8

2π.........27

1
25

1
23

1
21

1


 
    

Hence Proved. 
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2.  Find the Fourier series for f(x) 











22

01
xfor

xfor

                            
[AU Nov 2013] 

         Solution:                     Formula:     f(x)=  





1

0 )1....(sincos
2 n

nn nxbnxa
a

 

                To find a0:    
2

0
0

1 ( )a f x dx



   

                    
2

0

1 1( ) ( )f x dx f x dx
 

 
    

                                         
2

0

1 11 2dx dx
 

 
  

 

                                                                    





2

0 211 xx 

 

                                                                30 a  
   To find an:                                           

                               
2

0

1 ( ) cosna f x nx dx



 

 

              

2

0

1 1cos 2cosnx dx nx dx
 

 
  

 

             

2

0

1 sin 2 sinnx nx
n n

 

 
          

 

   

0na 

 

     To find bn: 
2

0

1 ( )sinnb f x nx dx



 

 

         

2

0

1 1( )sin ( )sinf x nx dx f x nx dx
 

 
  

 

          
2

0

1 1sin 2sinnx dx nx dx
 

 
    

                                                     
2

0

1 cos 2 cosnx nx
n n

 

 
           

                              

                        1 1n

nb
n

 
  

2 ,

0 ,
n

n is odd
b n

n is even



 


 

         3 2(1) ( ) cos
2 n odd

f x nx
n





   
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3. Find the Fourier Series of period  2  for the function   cosf x x x  in 0 2x    
                                                                                                                        [A.U. A/M 2017] 
Solution:   Given   cosf x x x   

Formula:   0

1 1
( ) cos sin

2 n n
n n

af x a nx b nx
 

 

     

 To find a0:  

     
2

0
0

1a f x dx



   

              
2

0

1 cosx x dx



   

                              2

0

1 sin 1 sx x co x



      

                        1 1 1


   

                               0 0a   
To find an: 

             
2

0

1 cosna f x nx dx



   

                         
2

0

1 cos cosx x nxdx



   

                        
2

0

1 cos 1 s 1
2

x n x co n x dx



     

 
22

2
0 0

sin coscosn nx nxConsider x x dx
n n

        
  

                       2

1 cos 2 cos0 0n
n

  
 

                                1 0 0 0, 1
2na n


    ------------------(1) 

 

 Now,      
0

1 s cosnna x co x x dx



 

 

       
2

2
1

0

1 sinBut a x x dx



 

 

                   

2

0

1 1 cos 2
2 2

xx dx



   

 
 

                    

2 2

0 0

1 cos 2
2

x dx x x dx
 


 

  
 
   
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22

0

1 0 sing (1)
2 2

x u



 

  
 

 

            
24

4
 


 
  

 
 

To find bn: 

             
2

0

1 sinnb f x nx dx



   

                         
2

0

1 cos sinx x nxdx



   

                        
2

0

1 sin 1 sin 1
2

x n x n x dx



     

 
22

2
0 0

xcos sinsinn nx nxConsider x x dx
n n

         
  

                       1 22 cos 2n
n n

  
  

 

 Now,      1 2 2
2 1 1nb

n n
 


       

          1 1
1 1n n

      
 

            2

2 1
1

n for n
n
     

 

To find b1:      
2

1
0

1 s sinb x co x x dx



   

                    
2

0

1 sin 2
2

x x dx



   

                       1 2 1
2 2 2



      

 

              0
1 1

2 2

cos sin cos sin
2 n n

n n

af x a x b x a nx b nx
 

 

        

  

                 Result:   2
2

sin sincos 2
2 1n

x n nxf x x
n






  

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                               PROBLEMS IN THE INTERVAL ),(   

    









11

0 sincos
2 n

n
n

n nxbnxa
a

xf  

                        
 

  






,1

0 dxxfa  






dxxnxfan cos1  

4. Find the Fourier series of the periodic function defined by 
, 0

( )
, 0

x
f x

x x
 


   

   
 

 
2

2 2 2

1 1 1 ...
1 1 1 8

Deduce that 
    

                                           

[A.U NOV 2009]   

Solution:   Given    
, 0

( )
,0

x
f x

x x
 


   

   
 

                           
     0, ( ) ( )for x f x f x         

  0 , ( ) ( )for x f x f x      
                           Therefore f(x) is neither even nor odd. 

                            Formula: 0

1
( ) ( cos sin )

2 n n
n

af x a nx b nx




    

               To find a0: 

  
2

0
0

1 ( )a f x dx



   

       
0

0

1 dx x dx





 

 
   

 
   

                             
2 2

0

0

1 1( ) 0 ( ) 0
2 2
xx






  
 

      
              

      
 

                    
2 2

21 1( )
2 2
   

 
    

         
    

 

   0 2
a 

  

 
            To find an: 

                        

               1 ( ) cosna f x nxdx


 

   

       
0

0

1 1( ) cos cosnxdx x nxdx





 

     

                     
0

2
0

1 sin sin cos1.nx nx nxx
n n n






 

                  
        
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                  2 2

1 ( 1) 1n

n n
 

  
 

 

                                  ]1)1[(1
2  n

n n
a


 

                                  




 


evenisnif

oddisnif
nan

0

2
2  

            To find bn:

                             

1 ( )sinnb f x nxdx


 

 

 

                             

0

0

1 1( )sin sinnxdx x nxdx





 

   

 

                             

0

2
0

1 cos cos sin1.nx nx nxx
n n n






 

                   
        

 

                  

                                   

 1 1 ( 1)n n

n



      

              

               

 1 1 2 1 n
nb

n
    

 

                

 2
0 1

2 12( ) cos 1 2 1 sin (1)
2

n

n dd n
f x nx nx

n n





 

 

                     

 

                        

                       
Deduction:                      Put x=0 in f(x), 

                                      We get at x=0 is a point  of discontinuity in the middle. 

                                      

 (0 ) (0 )( ) 0
2

f ff x at x   
  

 

        

( 0)( )
2

f x  


 
  ( )

2
f x 

   

   2
0 1

2 1 1(1) .1 1 2 1 .0
2 4

n

n dd nn n
 



 

 

            

 2
0

2 1
2 4 n dd n
 








     

 

 2
0

2 1
2 4 n dd n
 







      
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2

2 2 2

1 1 1 ...
8 1 3 5


     

 
2

2 2 2

1 1 1., ...
1 3 5 8

ie 
    

                                  
                 

 

      Hence proved. 
5. Expand the function   sinf x x x  as a Fourier series in the interval  , .   

 [A.U. Nov 2000] 
Solution:   Given   sinf x x x  is an even function 
     0nb   
   Formula:   






1

0 sincos
2

)(
n

nn nxbnxa
a

xf  

  Let the required Fourier series be   0

1
cos

2 n
n

af x a nx




   

 To find a0:  

     0
0

2a f x dx



   

              
0

2 sinx x dx



   

                             
0

2 cos 1 sinx x x



       

                        2 


  

                          2  
                     0 2a   

To find an: 

             
0

2 cosna f x nx dx



   

                         
0

2 sin cosx x nx



   

                       
0

2 cos sinx nx x dx



   

                            
0

2 sin 1 sin 1
2

x n x n x dx



     

 

                                     
0

1 sin 1 sin 1x n x n x dx



       

                        
 

 
 2 2

0

cos 1 cos 1 sin 1 sin 11
1 1 1 1

n x n x n x n x
x

n n n n





        
                
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                       cos cos1 0 0 0 0 0
1 1

n n
n n

 



              

 

                       2

1 11
1

n n n
n
       

 

                       2

21 , 1
1

n n
n
     

 

                               2

2 1 , 1
1

n
na n

n
     

 

                      1
2

21 , 1
1

n
na n

n
        

To find a1:      1
0

2 sin cosa x x x dx



   

                    
0

2 sin 2
2

x x dx



   

                      
     

0

cos 2 sin 21 1
2 4

x x
x




  

  
 

 

                    
   

0

cos 2 sin 21
2 4

x x
x




 

   
 

 

                       1 0 0 0
2



          

 

                1 1
2 2



      

 

                0
1

2

cos cos
2 n

n

a
f x a x a nx





    

   

 
1

2
2

2 1 2cos 1 cos
2 2 1

n

n
x nx

n






 
    

  
  

   

 
1

2
2

1 11 cos 2 1 cos
2 1

n

n
x nx

n






 
    

  
  

                 Result:   1 cos 2 cos3 cos 41 cos 2 ...
2 1.3 2.4 3.5

x x xf x x           
6. Find the Fourier series of   inxxf  .  x                          [A.U. M/J 2016] 
 
Solution: Let        ,xxf     xfxxf   
 
     ,infunctionoddanisxfTherefore  
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 ,0000  nallforaandaHence n  

 Formula: 





1

0 sincos
2

)(
n

nn nxbnxa
a

xf  

 Let   the required   Fourier  series be 

   





1

sin
n

n nxbxf  

 Where    dxnxxfb
n

n 





1

sin2


 

 dxnxx


 0

sin2  

                             By applying Bernoulli’s formula 
     
                                          xu        ;  xnv sin  

                             1' u        ;            
n

nxv cos
1


  

                                         0'' u       ;            22
sin
n

nxv 
  

                     ...2
''

1
' vuvuuvdxuv  

                   



0

2

sincos2
























n
nx

n
nxx  

              























 00012

n

n


 

             
n

b
n

n

112 
  

              





1

sin
n

n nxbxf  

                     







1

1

sin12
n

n

nx
n

 

                Result:                   1

1

1
2 sin

n

n

f x nx
n






   

 

  7. Find the Fourier series for   f(x) cos x  in the interval    ,  .   [A.U M/J  2016] 

        Solution: 
                Given f(x) cos x  

f(x) is an even function ,  bn =0 
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                         Formula: 





1

0 sincos
2

)(
n

nn nxbnxa
a

xf  

                    
0

1

( ) cos (1)
2 n

n

af x a nx




      
 

         To find a0:

               

  

0
0

1 2( ) cosa f x dx x dx
 

 

  

 

       

2

0 2

2 2osx osx c dx c dx
 

 
   

 

        

    2
0 2

2 sin sinx x
 


  

         
 2 1 1


 

 

    
0

4a



 

          To find an: 

                            

1 ( ) cosna f x nxdx


 

 
 

                    0

2 cos cosx nx dx



   

                    

2

0 2

2 2osx cos osx cosc nx dx c nx dx




 
     

                                        
   

2

0 2

1 os(n 1)x  cos( 1) os(n 1)x  cos( 1)c n x dx c n x dx






          
  
   

                                        

2

0 2

1 sin(n 1)x sin(n 1)x sin(n 1)x sin(n 1)x
n 1 n 1 n 1 n 1

 



                         

                                        

cos cos2 2 2
1 1

n n

n n

 



 
 

    
   

                                        

2cos 1 12
1 1

n

n n




       

                                        
2

2cos 22
1

n

n




                   

2

4 cos
2 1

( 1)n

n

a when n
n




  

  
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      When n=1,  

                                        1
1 ( ) cosa f x xdx



 

 

 

        

0

2 cos cosx x dx



 

 

                                            
2

2 2

0
2

2 os x  os xc dx c dx
 



 
  
 
 
   

                                            
2

0
2

2 1 os2x 1 os2x 
2 2

c cdx dx
 



    
 
 
   

 

2

0 2

1 sin 2 sin 2
2 2

x xx x
 



                 

 

1 0a 

 

                  Result:
         

2
2

4cos2 2( ) cos
( 1)n

n

f x nx
n



 





 


 
8. Find the Fourier series expansion of 2( ) ( , )f x x x in       and hence deduce the value 

of    2 2 2

1 1 1 ...
1 2 3

                                                                       [A.U. N/D 17] 

Solution:        Given  2( )f x x x   
                      2( )f x x x     
                       ( ) ( )f x f x   
         Therefore, ( )f x is neither even nor odd in ( , )   

          
Formula: 






1

0 sincos
2

)(
n

nn nxbnxa
a

xf
 
 

           To find a0:

             

 

0
1 ( )a f x dx



 

   

             

21 ( )x x dx


 

   

                                                

2

0

2 x dx



         2sin ce x is odd and x is even   

                          
3

0

2
3
x




 

  
 

 

                          

2

0
2

3
a 


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  To find an: 
1 ( ) cosna f x nxdx



 

   

                

21 ( ) cosx x nxdx


 

   

                                             

2 2

0

2 cos [ cos cos ]x nxdx x nx is odd x nx is even



    

                                               

2
2 3

0

2 sin cos sin2 2nx nx nxx x
n n n




               

      
 

                                        
 2

4 1 n
na

n
 

 
     To find bn:

                  
                        

1 ( )sinnb f x nxdx


 

   

                                              

21 ( )sinx x nxdx


 

   

                                              

2

0

2 sin [ sin sin ]x nxdx x nx is even x nx is odd



    

                                            
2

0

2 cos sin(1)nx nxx
n n




          

    
 

                             
 2 1 n

nb
n


   

                                          
1 1

(1) ( ) cos sin
2
o

n n
n n

a
f x a nx b nx

 

 

    
 

                         

   2

2
1 1

4 1 2 1
cos sin

3

n n

n n
nx nx

n n
  

 

  
   

                  
          

Result:      2

2
1 1

1 1
4 cos 2 sin

3

n n

n n
f x nx nx

n n
  

 

 
        

Deduction: 
                      x   

                                     

2

2
1

1 ( ) ( )4
3 2n

f f
n

  



 
 

 

                        

2 2 2 2
2

2
1

1 24
3 2 2n n
     






  
   

 

                                 

2 2 2 2
2

2
1

1 3 24
3 3 3n n
   







   
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2

2
1

1
6n n





 

                     

2

2 2 2

1 1 1 ...
1 2 3 6


     

9. Find the Fourier series for 2( ) .f x x in x      Hence show that      

     
90

...
4
1

3
1

2
1

1
1 4

4444


                          [A.U. 2013, Nov 2014, N/D 2016, A/M 18]                                    

  Solution:                                                                         
          Given  :  2( )f x x  

       2 2( )f x x x f x      
                    Therefore f(x) is an even function in (-π ,π).  bn = 0  

Formula:             





1

0 sincos
2

)(
n

nn nxbnxa
a

xf  

                    The Fourier series of  is    0

1
( ) cos

2 n
n

af x a nx




   

 To find a0:

             

 

0
0

2 ( )a f x dx



   

2
0

0

2a x dx



   

          
2

0

2
3
x




 

  
                

2

0
2

3
a 

  

To find an:
 

                             
0

2 ( )cosna f x nxdx



   

                                                                2

0

2 cosx nxdx



   

                                2
2 3

0

2 sin cos sin2 2nx nx nxx x
n n n




                      

 

                           2

4 1 n
na

n
   

                         
2

2
1

4( ) 1 cos
3

n

n
f x nx

n
 



    

                         Parseval identity is  

                               
2

2 20

1

2
2 n

n

af x dx a








      
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2

2 2 20

12 2 n
n

ax dx a




 



 
     

 
  

                      
5 4

2
4

1

1 4 16 1
5 2 2 9

n

n

x
n





  



    
      

    
  

          
5 4

4
1

2 116
5 2 9 n n
   



  
   

  
  

        
4 4

4
1

2 2 16
5 9 n n
  



   

              





1

4

4 16
45

8
n n


 

                                   
90

1 4

1
4






n n
    

                              
90

...
4
1

3
1

2
1

1
1 4

4444


  

    Hence proved. 

10 .  If











xx
xx

xf
0,1

0,1
)(  find the Fourier series of f(x) and hence deduce     

      that
8

......
3
1

1
1 2

22




       [A.U. MAY 2011, NOV 2013] 
 Solution:

                                                                                 

 
                      Given that  

                    








xforx

xforx
01

01
=f(x) , which is an even function   bn = 0  

Formula: 





1

0 sincos
2

)(
n

nn nxbnxa
a

xf  

        So, the required Fourier series is  

                     
0

1
( ) cos (1)

2 n
n

af x a nx




           

            To find a0: 

       
   0

0

2 ( )a f x dx



   

       
0

2 (1 )x dx



   

                            
                    

2

0

2
2
xx




 

  
 

 

                 0 2a    
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            To find an:

                      0

2 ( ) cosna f x nx dx



 

 

            

0

2 (1 ) cosx nx dx



 

 

             

    2
0

2 sin cos1 1nx nxx
n n




               

 
          2 2

2 ( 1) 1n

n n
 

  
 

 

                         2

2 ( 1) 1n
na

n
      

                               

2
n

4
=

0

if n is odd
a n

if n is even






 

             
                  

2

2 4( ) cos (2)
2 n odd

f x nx
n








 
          

 
              2 nd part: 
 
                                 Put x=0, f(x) =1 

2

2 41
2 n odd n








 
    

2

2 4 11
2 n odd n








 
    

2

2 2 1
2 4 n odd n

  



      
  

  

2

2

1
8 n odd n
 



       

8
......

3
1

1
1 2

22




 
Hence proved. 

11. Find the Fourier series of   xinxxf sin)(   of periodicity 2 .[AU A/M 2015] 

Solution:       Given 








0sin

0sin
sin)(

xx
xx

xxf



 

                            )(sin)sin()( xfxxxf   
              Therefore )(xf  is even function .hence 0nb   

Formula: 





1

0 sincos
2

)(
n

nn nxbnxa
a

xf  
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  Let the required fourier series is  





1

0 cos
2

)(
n

n nxa
a

xf     ----------------(1) 
 

To find a0: 

     0 0
0 0

2 2 2( ) sin cosa f x dx x dx x
 



  
      

           0
4a



 

        To find an: 

    


 0

cossin2 dxnxxan  

      


 0

)1sin()1(sin
2
2 dxxnxnan  

                 


 01
)1cos(

1
)1cos(1















n

xn
n

xn  

              





































1

1
1

1
1

)1(cos
1

)1(cos1
nnn

n
n

n 


 

                                                      


































1
1

1
1

1
1

1
1)1(1

nnnn
n


 

                                                      ])1(1[
1

1
1

11 n

nn













 

                                   1,])1(1[
)1(

2
2 



 n

n
n


 

                         










oddisnf

evenisnif
nan

0
)1(

4
2  

             To find  1a :      

         1
0 0

2 2 sin 2sin cos
2

xa x x dx dx
 

 
    
    

           0
0

1 cos 2 1 cos 2
2 2

x x




 
      

 

    1 0a   

                  





1

0 cos
2

)(
n

n nxa
a

xf  

        





2

1
0 coscos

2
)(

n
n nxaxa

a
xf  
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               Result:            


 



evenn

nx
n

xf cos
)1(

42)( 2
 

                                          2

2 4 cos( )
( 1)n even

nxf x
n 





 


 
 

PROBLEMS IN THE INTERVAL ( , )l l
 12. Find the Fourier series expansion the following periodic function of period 4    

       








202
022

xx
xx

xf  .  Hence deduce that .
8

...
5
1

3
1

1
1 2

222


  [A.U.  N/D 2015] 

Solution: Let      xx  21 ;   xx  22  

   
 









20;
02;

2

1

xx
xx

xf



               

                                                       xxx 21 2    
       functionevenanisxf  
     .0 nb  

Formula: 0

1
( ) ( cos sin )

2 n n
n

af x a nx b nx




    

          Let the required Fourier series be  

           





1

0 cos
2 n

n nxa
a

xf  
       

To find a0: 

      
2

0
0

2a f x dx
l

   

        
2

0

2
2
2 dxx  

 
2

0

2

2
2 










xx  

                                                           44
2

   

  24   
                                                        0 2a   

      To find an: 

  
   

l

n dx
l
xnxf

l
a

0

cos2   

         
2

0 2
cos2

2
2 dxxnx   
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          
2

0 2
cos2 dxxnx   

 By applying Bernoulli’s equation 

 Here         xu 2  ;        
2

cos xndv 
  

     1' u      ;        










n
xnv 2

2
sin  

      
2

1
2

2
cos 











n
xnv  

                       
2

0
22

4
2

cos
2

sin22

































 n
xnxnx

n
 

                  
2

0
22 2

cos4

















xn

n



 

              



 


 0coscos4
22 

n
 

         



 


 114
22

n

n 
 

  







evenisnif

oddisnif
nan

;0

;8
22  

                                    22

8
n

an   

   





oddn

n nxa
a

xf cos
2

0  

                                       





oddn n

nxx 22

cos8
2
22


 

            Put     x=0 

                       





oddn n 22

0cos812


 

 





oddn n22

181


 

 

 
8

1 2

2






oddn n
 

              Result:                                   
8

...
5
1

3
1

1
1 2

222


  

 
    Hence proved. 



MA8353-Transforms and Partial Differential Equations                      Unit- II                          Fourier Series  
 

Department Of Mathematics                              Mailam Engineering College  Page 37 
 

 
PROBLEMS IN THE INTERVAL ),0(   

          Formula    





1

0 cos
2

)(
n

n nxa
a

xf  

                               0
0

2 ( )a f x dx



   

                                dxnxxfan 


 0

cos)(2  

                                  
2 2

20

10

2 ( )
2 n

n

af x dx a








   

13. Find the half-range cosine series of    2f x x   in (0, π). Hence find the sum of the   

       Series 4 4 4

1 1 1 ..............
1 2 3
                                             

[A.U NOV  2009 , N/D 2015]
      

Solution:  Given    2f x x   

Formula:      0

1

( ) cos (1)
2 n

n

af x a nx




          
 

             To find a0:   
               

 

0
0

2 ( )a f x dx



 

 

           

2

0

2 ( )x dx





 
 

          

3

0

2 ( )
3
x





 

     

 

2

0
2

3
a 


 

                      To find an: 

                        
0

2 ( ) cosna f x nx dx



 

 
2

0

2 ( ) cosx nx dx





 

                                                             

   2
2 3

0

2 sin cos sin( ) 2 2nx nx nxx x
n n n



 

                         
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2

2 2
n



    

 

         

2

4
na

n


 

                                    






1

2

2

cos4
3

)(
n

nx
n

xf 

             
     2nd part          

By Parseval’s identity 

 
2 2

20

10

2 ( )
2 n

n

af x dx a








 
 

 
4 4

4
10

1 1 16
9 2 n

x dx
n

 








   
 

5 4

4
10

1 ( ) 18
5 9 n

x
n


 







 
   



 

4 4

4
1

18
5 9 n n
  



  

 

 
 
 

Result:   
4

4 4 4

1 1 1 ........................................
1 2 3 90


   

 

 
14. Find the half-range cosine series of the function    f x x x   in the interval 

0 .x    Hence deduce that   
4

4 4 4

1 1 1 ...
901 2 3


    .     [A.U. A/M 2018] 

Solution:    Given     f x x x    in   0 .x            

  2f x x x   

                       Formula:      0

1
cos

2 n
n

af x a nx




   

                       To find a0:
  

     0
0

2a f x dx



   

     2

0

2 x x dx





   

    
2 3

0

2
2 3
x x





 

  
 

 

4

4
1

1
90n n





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    
3 32 0 0

2 3
 


  

     
  

 

   32 1 1
2 3




    
 

   32 3 2
6




    
 

   
2

0 3
a 


 

                       To find an: 

                
0

2 cosna f x nx dx



   

                              2

0

2 cosx x nx dx





   

                                                        2
2 3

0

sin cos sin2 2 2nx nx nxx x x
n n n



 

                         

 

                             2
2 3

0

sin cos sin2 2 2nx nx nxx x x
n n n



 

                      

 

                          2 2

2 cos0 0 0 0n
n n

  

                 

 

                           2 2

2 cos n
n n

  

     

 

                    2

2 cos 1n
n
 


     
  

 

                     2

2 1 1n

n
         

 

                                                 
2

0
4n

if n is odd
a

if n is even
n


  


 

                                                 
  0

1

cos
2 n

n

a
f x a nx





    

 
2

2
2,4,...

14 cos
6 n

nx
n

 



  
                                           

Using parseval’s identity 

 
2

2 20

10

2
2 n

n

af x dx a








      
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2 4
0

4 36
a 

  

 

24
2

4
0

1 16 1
36 2 2n even

x x dx
n

 






     
 

 
4

2 2 3 4
4

0

1 1 1 2
36 2 n even

x x x dx
n

  






      

             

3 4 5
2

0

1 2
3 4 5
x x x dx



 

  

    
  

 

            

5 5 51
3 2 5
  


  

    
  

 

             

4

30



 

                        

4 4

4
1

1 1
2 30 36n n

 



    

                   

4 4

4
1

1
15 18n n
 



   

                  

4

4
1

1
90n n





 

                   

4

4 4 4

1 1 1 ...
901 2 3


   
 

                     Hence proved. 

15. Obtaion the half-range cosine series for  f x x
    

 0,in  and hence Prove that  

         
2 2

1 1 ...
1 3
 

                                                                                               
[A.U N/D 2017] 

    Solution:  The half range cosine series is given by 

           Formula:    





1

0 cos
2 n

n nxa
a

xf  

          To find a0:  

            
 0

0

2a f x dx



   

     


 0

2 dxx  

     


 0

2

2
2











x
    
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         To find an:  

        
                                 



 0

cos2 dxnxxan  

       


 0
2

cos1sin2














 








n
nx

n
nxx  

      


 0
2

cossin2




 

n
nx

n
nxx  

                                                                  


 0

cossin2




 

n
nxnxx

n
 

                         

 



0

10102


















 







 


nnn

n

 

              













nnn

n 112


               112
2  n

n 
 

       







oddisnif
n

evenisnif
an

2

4
0

 

                nx
n

xf
oddn

cos4
2 2









  

              

                                    Result:  
 

 2

4 1 cos 2 1
2 2 1n odd

f x n x
n








  



 

                      
  nx

n
xf

oddn
cos4

2 2










 

 
,x 
 

2

4 cos
2 n odd

n
n

 







  

 

 
2

4( 1)
2

n

n odd n









 
  

 

 
2

4
2 n odd n








  
 

 
2

4
2 n odd n








  
 

 

2

2

1
8 n odd n
 



 
 

 

2

2 2

1 1 ...
1 3 8


  
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16. Expand  f(x) = 0 1
2 1 2
x for x

x for x
 

   
as a series of cosines in the interval (0,2).

                                                              
           Solution:                                                                            [A.U. N/D 2016, A/M 2017] 

                  Given   f(x) = 0 1
2 1 2
x for x

x for x
 

   
 

      Formula:   Fourier series  0a n xf(x) a cosn2 2n 1


  
  

                                                 Here l=2 
 
     To find a0: 
                   

0
0

22 ( )
2

a f x dx   

                           
1

1

2
(2 )

0
x dx x dx

 
    
 

1

1

22 2
2

2 20

x xx
              
     

 

                                           1 4 14 2
2 2 2
          

2
2
    

  

                   0 1a   
     To find an: 

                

22 n xf(x) cos dxn 2 20
a 

   

                     

1 2n x n xx cos dx (2 x) cos dx
2 20
  

    
 

                                                                                        

                 
12

1

2
2 2 n x 2 n x n xx sin cos 2 x sin 1 cos2 22 20

n x
n n n

   
  

                                          

        

                                         
2

4 n2cos 1 12 2π n
n        

                                                       0na      if n is odd 

                        
 2 2

4 2cos 1 12π n
a   

2

4





 

                        
 4 2

4 2cos 2 1 12π n
a    0  

                        
 6 2

4 2cos3 1 12π n
a   

2 2

16
6 




 

                                 
2

1 4 1 6( ) cos 0 cos
2 9 2

xf x x 


      
 

Result:                 
2

1 4 1( ) cos cos3
2 9

f x x x 


       
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17. Find the half range cosine series of f(x) = x in 0 < x< π.                            [A.U DEC 2010] 
       Solution: 

Half range cosine series is  

                
Formula:

   






1

0 cos
2

)(
n

n nxa
a

xf
   

      To find a0: 

                       



 0
0 )(2 dxxfa

 

                       














 

0

2

0
0 2

22 xxdxa
 

 
       To find an: 

                       



 0

cos)(2 dxnxxfan

 

                                   
2

0 0

2 2 sin coscos nx nxx nx dx x
n n



 
               


 

                                

2 2 2

2 ( 1) 1 2 ( 1) 1
n

n

n n n 
          
   

                         





 


evenisnif

oddisnif
nan

0

4
2

 

          Required half range cosine series is  

                        
2

4( ) cos
2 n odd

f x nx
n









  

 

                         






oddn

nx
n

xf cos14
2

)( 2


 
                Result: 

                    








1

2 )12cos(
12

14
2

)(
n

xn
n

xf




 
 

18. Find the half range sine series of 















xx

xx
xf

2

20
)( . Hence deduce the sum of  

       the series   
 



 1
212

1
n n

.       [AU A/M 2015] 

Solution:    Let the half range sine series be 

       
1

sin 1
b

n
n

f x b nx


        
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To find bn: 

     


 0

sin2 dxnxxfbn  

                           











  

2

20

sin)(sin2









dxnxxdxnxxbn  

                           









2

2
0

2

sin1cos2sin)1(cos2 2















 






 














 






 

n
nx

n
nxx

n
nx

n
nxx  

                                

                           2 2

cos sin cos sin2 22 2 2 20 0 0 0
2 2

nx nx nx nx
x

n n n n


 

          
                               

           
             

 

                        

























 2

2
sin

22
n

n



 

                  















evenisnif

oddisnifn
nbn

0
2

sin4
2


  

 
Deduction 

  nxn
n

xf
oddn

sin
2

sin4)( 2 





 








 

 

  
 

   xnn
n

xf
n

12sin
2

12sin
12

4)( 2
1







 











 

               Result:           



  22 5

5sin
3

3sinsin4)( xxxxf


 

 
                                 PROBLEMS IN THE INTERVAL ),0( l  
19.  Find the half range sine series   2)( xlxxf    0,in l                           [AU Nov 2013] 
        Solution: 

                       
  

Formula:
   

  
1

sin ....(1)n
n

n xf x b
l




   
 


  

  
       To find bn:

                  

                
             

0

2 ( )sin
l

n
n xb f x dx

l l
   

 
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2

0

2 ( )sin
l n xlx x dx

l l
    

 

 

      

     2
2 2 3 3

2 3

0

cos sin cos
2 2 2

l
n x n x n x

l l llx x l xn n nl l l l

  

  

                                       
      

            

 

         

 3 3

3 3 3 3

2 12 2
nl l

l n n 

  
  

    

        
2

3 3

4 1 1 nl
n 

      

    

2

3 3

8 ,

0 ,
n

l n is evenb n
n is odd



 


 

Result:

 

2

3 3

8(1) ( ) sin
n even

l n xf x
n l








    
 


 

20.  Find the half-range cosine series for  2( ) 1 0 1.f x x in x      
       Solution:                                                                          [A.U. MAY 2013, Nov 2014] 
 
          The required Fourier cosine series be 

        
  

Formula:
   

 0

1
( ) cos ..............(1)

2 n
n

af x a n x




 

 

        




 0
0 )(2 dxxfa

 

                       

 
1

2

0

2 1x dx 

 
                                

13

0

1
3

x 
  
    

       

 31
2 0

3

 
  

      

2
3


 

      To find an:

                  

                   


 0

cos)(2 dxnxxfan
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 

1
2

0

2 1 cosx n xdx 
 

                 
   

1
2

2 2 3 3
0

sin cos sin2 1 2 1 2n x n x n xx x
n n n
  
  

                          

 
     22

4
n

an 
 

                            2 2
1

1 4(1) ( ) cos
3 n

f x n x
n








  
 

Result:  

   

2 2
1

1 4 1( ) cos
3 n

f x n x
n








  

  

21. Obtain fourier cosine series of 40,)(  xxxf  hence deduct that  ...
5
1

3
1

1
1

444  

                                                                                                                                
       Solution:            Given 40,)(  xxxf                                            [AU NOV 2014] 

               
Formula:

         
 






1

0 cos
2

)(
n

n l
xna

a
xf                    

Here  4l  
   To find a0: 

 
l

dxxf
l

a
0

0
2  

 

4

04
2 dxx

 

  

4

0

2

22
1











x

 









 0

2
4

2
1 2

 
 8

2
1


 

40 a
 To find an: 

          
 

l

n dxl
xnx

l
a

0

cos2 
 

          
 

4

0
4cos

4
2 dxxnxan


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   

4

0

2

4cos4
4sin4

2
1

























 xn

n
xn

n
x 




    

                         
  














 






  22

1601160
2
1

 nn
n

 
                              1)1(16

22  n

n 
 

                 





 oddisnif
n

evenisnif
an

22

16
0


 

         By Parseval’s identity 
                   

      
2

2 20

10

2
2

l

n
n

af x dx a
l





      

      



oddn n

dxx
2

44

4

0

2 16
2
1

4
16

4
1

  

     












oddn n
x

44

4

0

3 11284
34

1
  

     













oddn n 44

3 112840
3
4

4
1

  

                   




oddn n 44

11284
3

16
  

                          



oddn n 44

1128
3
4

  

                         Result:           
96

...
5
1

3
1

1
1 4

444


  

22. Obtain the Fourier series for the function  
0 1

f(x)=
2 1 2
x for x

x for x
 

     

(or) Expand      

0 1
f(x)=

2 1 2
x for x

x for x
 

     as a series of cosine in the interval (0,2)
 

       Solution:              
[A.U MAY 2011, 2013,N/D 2016, A/M 17]

 

  Given       
0 1

f(x)=
2 1 2
x for x

x for x
 

   
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     Here             1l   

             
 

         
        

  
Formula:

   
 
         

0

1 1

( ) cos s
2 n n

n n

a n x n xf x a b in
l l
  

 

   
 

                  To Find a0: 

     

  

2

0
0

1 ( )
l

a f x dx
l

 
 

       
2

0

1 ( )
1

f x dx 
 

           
1 2

0 1

f x dx f x dx    

      
 

1 2

0 1

2xdx x dx   
 

       

1 22 2

0 1

2
2 2
x xx
   

     
     

        
 1 10 4 2 2

2 2
                  

0 1a   
                 To find an:

                 

              

 

2

0

1 ( ) cosn
n xa f x dx

l l


 

 

    

 
1 2

0 1

cos 2 cosx n xdx x n xdx    

 

 

   
 

   
 

1 2

2 2

0 1

sin cos sin cos1 2 1n x n x n x n xx x
n nn n
   
  

                   
              

 

                     

   
2 2 2 2 2 2 2 2

1 11 1
n n

n n n n   
 

   

 

                                                      

 
2 2

1 1
2

n

na
n 

  
  

  

 

                                                      
2 2

0 ,
4 ,n

if n is even
a

if n is odd
n 


 


  

                     To find bn:
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2

0

1 ( )sin
l

n
n xb f x dx

l l


   

                      

 
1 2

0 1

sin 2 sinx n xdx x n xdx    

 

   
 

   
 

1 2

2 2

0 1

cos sin cos sin1 2 1n x n x n x n xx x
n nn n

   
  

                    
              

                                    

cos cosn n
n n

 
 


 

 

                                                         

0nb 

 

                        2 2
1 1

1 4( ) cos 0s
2 n n

n x n xf x in
n l l

 


 

 


   

 

             2 2
1

1 4( ) cos
2 n

n xf x
n l








 
 

23. Obtain the Fourier series for the function  

0
f(x)=

0 2
l x for x l

for l x l
  

  
 

       Solution:                                                                       
[A.U N/D 17]

 

  Given       

0
f(x)=

0 2
l x for x l

for l x l
  

    

              
 

         
        

  
Formula:

   
 
         

0

1 1

( ) cos s
2 n n

n n

a n x n xf x a b in
l l
  

 

   
 

                  To Find a0: 

     

  

2

0
0

1 ( )
l

a f x dx
l

 
 

          
1 2

0 1

1 f x dx f x dx
l
 

  
 
   

      0

1 ( )
l

l x dx
l
 

  
 


 

       

2

0

1 ( )
2

l
l x

l
 

     

        

21
2

l
l
      

 

0 2
la 



MA8353-Transforms and Partial Differential Equations                      Unit- II                          Fourier Series  
 

Department Of Mathematics                              Mailam Engineering College  Page 50 
 

                 To find an:

                 

              

 

2

0

1 ( ) cos
l

n
n xa f x dx

l l


 

 

    

0

1 ( ) cos
l n xl x dx

l l
 

  
 


 

 

    2

0

cossin1 1

l

n xn x
l ll x nl n

l l



 

                         

 

                     

 
2 2 2 2

1 1
n

n n 
 

 

 

                                

                     
2 2

0 ,
2 ,n

if n is even
a l if n is odd

n 


 


  

                     To find bn:

        

  

  
2

0

1 ( )sin
l

n
n xb f x dx

l l


   

                      

0

1 ( )sin
l n xl x dx

l l
 

  
 


 
                      

    2

0

cos sin1 1

l

n x n x
l ll x nl n

l l

 

 

                         

                     

                      

1
n



             

                                                         

                        

2 2
1,3,5,... 1

2 1( ) cos s
4 n n

l l n x n xf x in
n l n l

 
 

 

 

      
 

 

              

24. Obtain the sine series for the function  











lxlforxl

lxforx
xf

2

20
  

     Solution:                                                                                          [A.U. May 2011, 2013] 
 
 The sine series for the function  xf  in  l,0 is given by 
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Formula:
   

 
         

 
l
xnbxf

n
n

sin
1






  

               To find bn:

                  

        
 

0

2 sin
l

n
n xb f x dx

l l


   

                 
2

0 2

2 2sin sin
l l

l

n x n xx dx l x dx
l l l l

 
     

                  
22

2 2
0

2 cos sin
l

l n x l n xx
l n l n l

 
 

               
      

 

    
l

ll
xn

n
l

l
xn

n
lxl

l
2

22

2

sin1cos2











































 

                                             
2 2

2 2

2 cos sin 0 0
2 2 2

l n l n x
l n n

 
 

  
      

  
 

        

















2
sin

2
cos

2
002

22

22 





n
n

ln
n
l

l
 

                                             
2 2 2 2

2 2 2 2

2 cos sin cos sin
2 2 2 2 2 2
l n l n l n l n

l n n n n
   

   
 

     
 

 

                                             
2

2 2

2 2 sin
2

l n
l n




 
  

 
           2 2

4 sin
2n

l nb
n




   

                                        2 2
1

4 sin sin
2n

l n n xf x
n l

 






    
  

                                                2 2
1

4 1 sin sin
2n

l n n x
n l

 






    


 

      
   

l
xnn

n
lxfevenisnwhenxf

oddn




sin
2

sin140 22 



 





 

                         
 

 
   

22
0

2 1 2 14 1 sin sin
22 1n

n n xlf x
ln

 






  
  

  
  

 Result:      
 

 
l

xn
n

lxf
n

n




12sin
12

14
2

0
2














 


  
 
 25. Find the Fourier series expansion of f(x)=1-x2 in the interval  (-1,1)     [A.U DEC 2010] 

Solution: 
            Given f(x) = 1-x2 in (-1,1), Which is an even function  hence  bn=0 
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   The required Fourier series is 
 

           
Formula:

  






1

0 cos
2

)(
n

n l
xna

a
xf 

 
           Here 122  ll

 To find a0: 

      
1

0
0 )(

1
2 dxxfa

 

                        

131 x 1 22= 2 (1 - x ) dx = 2 x - = 2 1 - = 2
3 3 30 0

               

 

                   3
4

0 a
 

       To find an: 

                         
 
1

0

2 cos)1(2 dxxnxan 
 

                                    
 

1

0
3322

2 sin)2(cos)2(sin12 













 






 

















n
xn

n
xnx

n
xnx  

                                     






 
 22

)1(22
n

n

 

                         22

)1(4
n

a
n

n


  

   Required Fourier series is  

                       

 








1
22 cos)1(4

2
3

4
=f(x)

n

n

xn
n




 

                     
Result:

             








1
2

1

2 cos)1(4
3
2=f(x)

n

n

xn
n


  

26. Find the half range sine series of   cosf x x x
    

 0,1 .in
               [A.U. M/J 2016] 

 
Solution:   Given        xxxf cos   in   .1,0

 
                            Formula:       

1

sinn
n

n xf x b
l




  

                  dx
l

xnxf
l

b
l

n
sin2

0
  

   dxxnxx
1

sincos
1
2 1

0

  
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   dxxnxx  sincos2
1

0
  

    dxxxnx  cossin2
1

0
  

    dxxxnx  cossin2
1

0
  

       dxxnxnx  1sin1sin
1

0

   

                  By applying Bernoulli’s formula 
    
                                      xu     ;         xnxndv  1sin1sin   
 

                      1' u           ;              
1
1cos

1
1cos







n
xn

n
xnv   

  

                                     0'' u         ;            
 

 
 221 1

1sin
1
1sin









n

xn
n

xnv   

 
             ...2

''
1

' vuvuuvdxuv  

             
 

 
 

 
 

 
 

1

0
1
1sin

1
1sin

1
1cos

1
1cos








































n

xn
n

xn
n

xn
n

xnx   

                                             
 

 
 

 
 

 
  







































1
1sin

1
1sin

1
1cos

1
1cos1

n
n

n
n

n
n

n
n   

                                                    
































00
1

1
1

11
11

nn

nn

 

 

                                                  











 

1
1

1
111 1

nn
n  

 

                                                










 

1
111 2

2

n
nnn  

 

                                               










1
21 2n

nb n
n  

                           1nput  

 
1

1
0

2 cos sinb x x x dx    
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          
1

0

cossin2 dxxxx   

         
1

0

2sin dxxx   

               By applying Bernoulli’s formula 
                                      xu   ; xdv 2sin  

                         1' u            ;      
2
2cos xv    

                     0'' u            ;                 
4
2sin

1
xv   

     ...2
''

1
' vuvuuvdxuv  

     
1

04
2sin

2
2cos





 

xxx   

          00
4
2sin

2
2cos1 



 

  

 

       
2

11  

     
2
1

1
b  

     
1

sinn
n

n xf x b
l




  

                  1
2

sinn
n

n xb b
l




   

                  Result  :                xn
n

nxf
n

n sin
1

21
2
1

2
2













 





 

                     
 PROBLEMS IN COMPLEX FORM 

 

FORMULA   
i n x

l
n

n

f x C e




   
 

 1
2

l i n x
l

n
l

C f x e dx
l





   
 

27. Find the complex form of the Fourier series of   11   xinexf x  
          Solution:                                                                             [A.U. N/D 2009, A/M 2015] 
    Given   11   xinexf x  
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  Formula:   
i n x

l
n

n
f x C e



 

   

          1
2

l in x
l

n
l

C f x e dx
l





   

 ,1lHere  

     





n

xni
n eCxf   

            dxeeC xnix
n





1

12
1  

                                                             dxe xni 


 1
1

12
1  

                                                           
 

 

1

1

1

12
1




















ni
e xni

 

                                                             
  11
1

12
1







 xnie
ni




 

                                                             
    


nini ee

ni
 




 11

12
1  

                                                            
 

1 11
2 1

i n i ne e e e
i n

 


     

 

                                                            
     1 11 1 1

2 1
n ne e

i n
      

 

     

 
  







 






21
1 11 ee
ni

n


 

 
   1sinh
1

1
ni

C
n

n 


   

    xni
n

n
e

ni
xf 

 










 




1sinh
1

1  

  
Result:

    
     

2 2

1 1
sinh1

1

n
i n x

n

i n
f x e

n






 

  
  

  
  

 
28.  Find  the complex form of Fourier series for the function   axexf  in  the interval   

          ,  Where  a is a real constant.  Hence, deduce that  








n

n

ahana 


sin
1

22 .   

Solution:                      Formula:    





n

xni
n eCxf

 
[A.U.N/D 2015] 
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  Where   dxexfC
n

xni
n 






2
1  

        dxee xnixa 





2
1  

              dxe xnia





2
1  

            
  

















ina

e xina

2
1  

              
   



 xinae

ina2
1  

              
    


inaina ee

ina
 




2
1  

                 


niania eeee

ina
 




2
1  

                                                               nana ee
ina

11
2

1



  


 

                                                            
  







 







2
1 



aan ee
ina

 






 




2
sin




eeh  

    
  


ah

na
inaC

n

n sin1
22 


   

      
 

xni
n

eah
na

inaxf 


sin1
22 


  

                  Result:                       


 



n

xninxa e
na
inaaheei 221sin.,.




 
29.Expand     axf x e in  the interval   ,  as a complex form of Fourier series 
Solution:    
                     Given   axf x e  

                   Formula:    





n

xni
n eCxf

 
[A.U.N/D 2016] 

  Where   dxexfC
n

xni
n 






2
1  

        1
2

a x i n xe e dx



 



   
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             1
2

a i n xe dx



 



   

            
 1

2

a in xe
a in






 



 
    

 

             
 

 1
2

a in xe
a in




 


    

 

             
 

   1
2

a in a ine e
a in

 


       

 

              
 

1
2

a i n a i ne e e e
a in

   


     

 

                                                         
     1 1 1

2
n na ae e

a in
 


      

 

                                                           
 
 

11
2

n a ae e
a in

 



   
     

 






 




2
sin




eeh  

    
 

1

2 2

1
sin

n

n

a in
C h a

a n




  



  

      
 

1

2 2

1
sin

n
i n xa in

f x h a e
a n




  



 

                  Result:                        1
2 2

sin. ., 1 na x i n x

n

h a a ini e e e
a n









 
 


 

30. Find the complex form of Fourier series   axf x e in  the interval l x l     
Solution: 
     Given      axf x e l x l    

                 Formula:   
i n x

l
n

n
f x C e




 

 
 

[A.U.A/M 2017] 

  Where 1 (x)e
2

l in x
l

n
l

C f dx
l





   

        1
2

l i n x
a x

l

e e dx
l l


 



   

            
1
2

al inl x
l

l

e dx
l

   



   
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 

1
2

al in x
l

l

l

e
al inl

l

 



 
 

    
 

 

             
 

   ( 1)1
2

al in al ine e
al in

 


        

 

              

              
 

1
2

al i n a l i ne e e e
al in

 


     

 

                                                         
     1 1 1

2
n nal ale e

al in
      

 

                                                           
 

 
1

sinh
n

al
al in





 






 




2
sin




eeh  

    
 2 2

1
sin

( ) ( )

n

n

al in
C h a

al n





 



 

                                  
  2 2. ., (x) sin 1

( ) ( )

i n x

n l

n

al ini e f h al e
al n











 

   

              Result:                        2 2. ., sin 1
( ) ( )

i n x

na x l

n

al ini e e h al e
al n












 


 

31.  Find the complex form of the Fourier series ( ) cosf x ax in x     .  
       Solution:        [A.U. MAY 2013] 
          
    Given the Complex form of Fourier series of  

( ) cosf x ax in x      is given by  

                    Formula:     ( ) .....................(1)inx
n

n
f x C e





   

                   1 ( )
2

inx
nC f x e dx








 
     

1 cos
2

inxaxe dx







 
               

 2 2 2

1 cos sin
2

inxe in ax a ax
i n a










 
         

   2 2 2 2

1 cos sin cos sin
2

in ine ein ax a ax in ax a ax
a n a n

 








 
        

2 2
1 cos ( ) sin ( )

2 ( )
in in in inin a e e a a e e

a n
    


       
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 2 2

1 2 cos sin 2 sin cos
2 ( )

in a n a a n
a n

   


 


 

          
   2 2

1 2 sin cos sin 0
2 ( )

a a n n
a n

  


 


  

   

 
2 2

1 sin
...........................(2)

( )

n a a
a n








 

                     
 Substituting (2) in (1) we get, 

 
 2 2

1 sin .
( ) .

n
inx

n

a a
f x e

a n












        

 Result:                       
 2 2

1sin .cos .
n

inx

n

a aax e
a n


 









  

 HARMONIC ANALYSIS 
FORMULA:  (T-FORM) 

    0
1 1 2 2 3 3cos sin cos 2 sin 2 cos3 sin 3 ...

2
af x f a b a b a b              

0 2
y

a
n

 
  

 

 , 1

cos
2

y
a

n
 

  
 

 , 1

sin
2

y
b

n
 

  
 

 , 2

cos 2
2

y x
a

n
 

  
 

 , 

2

sin 2
2

y x
b

n
 

  
 

  

32. Compute upto first harmonics of the fourier series of f(x) given by the following table:     
                                                                         

     x 0 T/6 T/3 T/2 2T/3 5T/6 T 
f(x) 1.98 1.30 1.05 1.30 -0.88 -0.25 1.98 

     Solution:              [A.U NOV 2009] 
                
 
 
 

 
             
 
 
 
 

x  
T

x 2
  

y  cosy  siny  

0 0= 00  1.98 1.98 0 

6
T  3

 = 060  1.30 0.65 1.1258 

3
T  2

3
 = 0120  1.05 -0.525 0.9093 

2
T   = 0180  1.30 -1.3 0 

3
2T  4

3
 = 0240  -0.88 0.44 0.762 

6
5T  5

3
 = 0300  -0.25 -0.125 0.2165 

  5.4 y  12.1cos  y  0136.3sin  y  
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5.1
6
5.4220 
















 

n
y

a  

                 3733.0
6
12.12

cos
21 
















 

n
y

a


 

                         0045.1
6

0136.32
sin

21 
















 

n
y

b


 

                Formula:      sincos
2 11

0 ba
a

y   

                     sin0045.1cos373.0
2
5.1

  

      Result:                20.75 0.373cos 1.0045sin xy where
T
       

 
33. Determine the first two harmonics of Fourier series for the following data: 
 
                                        
 
 
Solution:                                                  [A.U.N/D 2015] 

x y y cos x y sin x y cos 2x y sin 2x 
 

00  1.98 1.98 0.000 1.98 0.000 

3
 = 060  1.30 0.65 1.126 -0.65 1.126 

2
3

 = 0120  1.05 -0.525 0.909 -0.525 -0.909 

 = 0180  1.30 -1.30 0.000 1.30 0.000 
4

3
 = 0240  -0.88 0.44 0.762 0.44 -0.762 

5
3

 = 0300  -0.25 -0.125 0.217 0.125 0.2167 

 5.4 y
 

12.1cos  xy
 

014.3sin  xy
 

67.22cos  xy
 

328.02sin  xy  

 

             5.1
6
5.4220 
















 

n
y

a  

               373.0
6
12.12

cos
21 
















 

n
xy

a  

          89.0
6
67.22

2cos
22 
















 

n
xy

a  

x: 0  
3

  2
3

    4
3

  5
3

  

  :f x  1.98  1.30 1.05 1.30 -0.88 -0.25 
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                   005.1
6
014.32

sin
21 
















 

n
xy

b  

                         109.0
6
328.02

2sin
22 
















 

n
xy

b           

      Formula:    xbxaxbxa
a

y 2sin2cossincos
2 2211

0   

                  xxxx 2sin109.02cos89.0sin005.1cos373.0
2
5.1

  

       
 

 Result:    0.75 0.373cos 1.005sin 0.89cos 2 0.109sin 2y x x x x      
HARMONIC ANALYSIS 
FORMULA:  (L-FORM) 

0
1 1 2 2

2 2cos sin cos sin .......
2
a x x x xy a b a b

l l l l
              

   
 

                     y
n

a 2
0  ,     1

2 cos ,xa y
n l


 

 
2

2 2cos xa y
n l


 

 

   
1

2 sin ,xb y
n l


 

    
2

2 2sin xb y
n l


 

 
 34. Find the Fourier series as far as the second harmonic to represent the function f(x)    
        with period  given in the following table.        [A.U DEC 2010, 2012, N/D 2016, A/M 17]                                                                       

  X 0 1 2 3 4 5 
f(x) 9 18 24 28 26 20 

         Solution: 
                         Here the length of the interval is 2 6,l  3l   
                        The required Fourier series is  

               
Formula:

  
.......2sin2cossincos

2 2211
0 






 






 

l
xb

l
xa

l
xb

l
xa

a
y   

x y 
3

cos x  
3

sin x  
3

2cos x  
3

2sin x  
3

cos xy   
3

sin xy   
3

2cos xy   
3

2sin xy   

0 9 1 0 1 0 9 0 9 0 
1 18 0.5 0.866 -0.5 0.866 9 15.588 -9 15.588 
2 24 -0.5 0.866 -0.5 -0.866 -12 20.785 -12 -20.785 
3 28 -1 0 1 0 -28 0 28 0 
4 26 -0.5 -0.866 -0.5 0.866 -13 -22.517 -13 22.517 
5 20 0.5 -0.866 -0.5 -0.866 10 -17.321 -10 -17.321 
∑ 125     -25 -3.465 -7 0.0004 

                0
1 1 2 2

2 2cos sin cos sin
2 3 3 3 3
a x x x xy a b a b   

    
 

0
2 2 (125) 41.67

6
a y

n
  
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1
2 2cos ( 25) 8.33

3 6
xa y

n


    
        2

2 2 2cos ( 7) 2.333
3 6

xa y
n


      

       1
2 2sin ( 3.465) 1.16

3 6
xb y

n


      

                    2
2 2 2sin (0.0004) 0.00013

3 6
xb y

n


    

                         41.67 2 28.33 cos 1.16sin 2.333 cos 0.00013sin
2 3 3 3 3

x x x xy    
      

      
Result:

      3
2sin00013.0

3
2cos333.2

3
sin16.1

3
cos33.884.20 xxxxy 


 

                HARMONIC ANALYSIS 
    FORMULA:  (2 -FORM) 

                       xbxaxbxaay 2sin2cossincos
2 2211

0   

                              0
2 ,a y
n

 
 

1
2 cos ,a y x
n

 
 

2
2 cos 2a y x
n

   

       1
2 sin ,b y x
n

    2
2 sin 2b y x
n

 

                   

 

35. Find the Fourier series up to second harmonic for y = f(x) from the following values                                       
              

x 0 
3


 3
2

 


 3

4
 3

5
 

2
 

y 1 1.4 1.9 1.7 1.5 1.2 1 
      Solution:                                                         [A.U NOV 2013, 2014,N/D 2017, A/M 2018]

 
                      

     
Formula:

         
   0

1 1 2 2cos sin cos 2 sin 2
2
ay a x b x a x b x      

  x y xcos  xsin  x2cos  x2sin  xy cos  xy sin  xy 2cos  xy 2sin  
0 1 1 0 1 0 1 0 1 0 

3


 
1.4 0.5 0.866 -0.5 0.866 0.7 1.2124 -0.7 1.2124 

3
2

 
1.9 -0.5 0.866 -0.5 -0.866 -0.95 1.6454 -0.95 -1.6454 


 

1.7 -1 0 1 0 -1.7 0 1.7 0 

3
4

 
1.5 -0.5 -0.866 -0.5 0.866 -0.75 -1.299 -0.75 1.299 

3
5

 
1.2 0.5 -0.866 -0.5 -0.866 0.6 -1.0392 -0.6 -1.0392 

 8.7     -1.1 0.5196 -0.3 -0.1732 
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0
2 2 (8.7) 2.9

6
a y

n
  

 
1

2 2cos ( 1.1) 0.37
6

a y x
n

      

2
2 2cos 2 ( 0.3) 0.1

6
a y x

n
      

1
2 2sin (0.5196) 0.17

6
b y x

n
    

2
2 2sin 2 ( 0.1732) 0.06

6
b y x

n
    

      

 

             2.9 0.37 cos 0.17sin 0.1 cos 2 0.06sin 2
2

y x x x x      

                       xxxxy 2sin06.02cos1.0sin17.0cos37.045.1 
 36.  Find the Fourier cosine series up to third harmonic to represent the function given by     

       the following data:
   X 0 1 2 3 4 5 

f(x) 4 8 15 7 6 2 
         Solution:                                                                                                    [A.U. M/J 2016] 
 
                         Here the length of the interval is 2l=6, i.e., l=3 
                        The required Fourier series is  
          Formula: 

                                                          0
1 1 2 2 3 2

2 2 3 3cos sin cos sin cos sin
2
a x x x x x xy a b a b a b

l l l l l l
                     

     
 

3
3sin

3
3cos

3
2sin

3
2cos

3
sin

3
cos

2 332211
0 xbxaxbxaxbxa

a
y 



 

 

x y cos
3
x

 
3

sin x  2cos
3
x

 
3

2sin x

 

3cos
3


 

3
sin

3
x

3
cos xy 

 
3

sin xy 
3

2cos xy 
3

2sin xy 
3

3cos xy 
3

3sin xy 

 0 4 1 0 1 0 1 0 4 4 4 0 0 0 

1 8 0.5 0.866 -0.5 0.866 -1 0 4 -4 -8 6.928 6.928 0 

2 15 -0.5 0.866 -0.5 -0.866 1 0 -7.5 -7.5 15 -12.99 -12.99 0 

3 7 -1 0 1 0 -1 0 -7 7 -7 0 0 0 

4 6 -0.5 -0.866 -0.5 0.866 1 0 -3 -3 6 5.196 5.196 0 

5 2 0.5 -0.866 -0.5 -0.866 -1 0 1 -1 -2 -1.732 -1.732 0 

 
∑ 

 
42 

       
-8.5 

 
-4.5 

 
8 

 
-2.598 

   
-2.598 

 
0 
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                      0
2 2 (42) 14

6
a y

n
  

 

 

1
2 2cos ( 8.5) 2.833

3 6
xa y

n


    
 

              

2
2 2 2cos ( 4.5) 1.5

3 6
xa y

n


    
 

     

3
2 3 2cos (8) 2.667

3 6
xa y

n


  
       1

2 2sin ( 2.598) 0.866
3 6
xb y

n


      

      2
2 2 2sin ( 2.598) 0.866

3 6
xb y

n


      

       3
2 3 2sin (0) 0

3 6
xb y

n


    

                 
3

3cos667.2
3

2sin866.0
3

2cos5.1
3

sin866.0
3

cos833.2
2

14 xxxxxy    

               

   3
3cos667.2

3
2sin866.0

3
2cos5.1

3
sin866.0

3
cos833.27 xxxxxy 


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ANNA UNIVERSITY QUESTIONS 
 

1. Find the Fourier series expansion of f(x) = 










22
0

xforx
xforx

        
Also, deduce that           

  

2

2 2 2 2

1 1 1 1 .........
1 3 5 7 8


    

                    [Pg: No: 18]
         

 
2.  Find the Fourier series for f(x) 












22

01
xfor

xfor

                  [Pg: No: 20] [A.U.N/D 2013]
   

 
 

3. Find the Fourier Series of period  2  for the function   cosf x x x  in 0 2x  
                                                                                                   [Pg. No: 21]    [A.U. A/M 2017] 

4. Find the Fourier series of the periodic function defined by 
, 0

( )
, 0

x
f x

x x
 


   

   
 

 
2

2 2 2

1 1 1 ...
1 1 1 8

Deduce that 
    

    
                            

  [Pg: No:23] [A.U Nov 2009]   

5. Expand the function   sinf x x x  as a Fourier series in the interval  , .   

                        
                                                                                    [Pg: No:25] [A.U. Nov 2000] 

6. Find the Fourier series of   inxxf  .  x      
          

   [Pg: No:26] [A.U. M/J 2016] 

7. Find the Fourier series for   f(x) cos x  in the interval    ,  . 
         [Pg: No: 27]  [A.U M/J 2016]        

 8. Find the Fourier series expansion of 2( ) ( , )f x x x in       and hence deduce the value of    

2 2 2

1 1 1 ...
1 2 3

                                                              [Pg: No:29]  [A.U. DEC. 2017] 

9. Find the Fourier series for 2( ) .f x x in x      Hence show that      

     
90

...
4
1

3
1

2
1

1
1 4

4444


           

     
       [Pg: No: 31]  [A.U.MAY 2013,2014,2018]                             

10 .  If











xx
xx

xf
0,1

0,1
)(  find the Fourier series of f(x) and hence deduce     

      that
8

......
3
1

1
1 2

22




                         [Pg: No: 32]  [A.U. MAY 2011, NOV 2013] 
11. Find the Fourier series of   xinxxf sin)(   of periodicity 2 . 
     

                                          
  [Pg: No: 33]   [AU A/M 2015] 

12. Find the Fourier series expansion the following periodic function of period 4    

       








202
022

xx
xx

xf  .  Hence deduce that .
8

...
5
1

3
1

1
1 2

222


   

                         [Pg: No: 35]   [A.U.  N/D 2015] 
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13. Find the half-range cosine series of    2f x x   in (0, π). Hence find the sum of the         

Series 4 4 4

1 1 1 ..............
1 2 3
                                        [Pg: No: 37]  [A.U. N/D 2009,2015]                    

 

14. Find the half-range cosine series of the function    f x x x   in the interval 0 .x    

Hence deduce that   
4

4 4 4

1 1 1 ...
901 2 3


    .  
 [Pg: No: 38]   [A.U. M/J 2010, A/M 2018]  

 15. Obtaion the half-range cosine series for  f x x
    

 0,in  and hence Prove that  

         
2 2

1 1 ...
1 3
 

                                    [Pg: No: 40][A.U. N/D 2007, 2012,N/D 2017] 
  

16. Expand  f(x) = 0 1
2 1 2
x for x

x for x
 

   
as a series of cosines in the interval (0,2).

                                                        
                                                                                   [Pg. No. 42][A.U. N/D 2016, A/M 2017] 

                    
 

  17. Find the half range cosine series of f(x) = x in 0 < x< π.   
[Pg: No: 43]  [A.U. N/D 2010]

   
 

18. Find the half range sine series of 















xx

xx
xf

2

20
)( . Hence deduce the sum of  

       the series   
 



 1
212

1
n n

.                                 [Pg: No: 43]  [AU A/M 2015] 

19.  Find the half range sine series   2)( xlxxf    0,in l         [Pg: No: 44]  [AU Nov 2013]        

 

20.  Find the half-range cosine series for  2( ) 1 0 1.f x x in x   
                                                                                             [Pg: No: 45] [A.U.M/J 2013, N/D 2014]  

 

 21. Obtain fourier cosine series of 40,)(  xxxf  hence deduct that  

          ...
5
1

3
1

1
1

444                                
                         

      [Pg: No: 46]  [AU N/D 2014] 

22. Obtain the Fourier series for the function  
0 1

f(x)=
2 1 2
x for x

x for x
 

     

(or) Expand      

0 1
f(x)=

2 1 2
x for x

x for x
 

     as a series of cosine in the interval (0,2)
          

  
[Pg. No: 47]   [A.U MAY 2011, 2013,N/D 2016, A/M 17] 
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23. Obtain the Fourier series for the function  

0
f(x)=

0 2
l x for x l

for l x l
  

  
 

                                                              
[Pg. No: 49]   

               
[A.U N/D 17]

 
 
 

24. Obtain the sine series for the function  











lxlforxl

lxforx
xf

2

20
  

         
      

                            [Pg:No:50] [A.U. May 2011, 2013]  
 25. Find the Fourier series expansion of f(x)=1-x2 in the interval  (-1,1)    

                       
                                [Pg: No: 51]   [A.U DEC 2010] 

26. Find the half range sine series of   cosf x x x
  

 0,1 .in
    

[Pg: No: 52][A.U.M/J 2016]   
  

27. Find the complex form of the Fourier series of   11   xinexf x  
                                                                          

           
   [Pg: No: 54] [A.U. N/D 2009, A/M 2015]  

28.  Find  the complex form of Fourier series for the function   axexf  in  the interval   

          ,  Where  a is a real constant.  Hence, deduce that  








n

n

ahana 


sin
1

22 .   
 
                                [Pg: No: 55]  [A.U. N/D 2015]     

  

29.Expand     axf x e in  the interval   ,  as a complex form of Fourier series 
                                                                                                 [Pg: No: 56]  [A.U. N/D 2016]     

  

30. Find the complex form of Fourier series   axf x e in  the interval l x l     
                                                                                             [Pg: No: 57]  [A.U. A/M 2017]     

  

31.  Find the complex form of the Fourier series ( ) cosf x ax in x     .                                         
[Pg: No:58] [A.U. M/J 2013]   

  

32. Compute upto first harmonics of the fourier series of f(x) given by the following table:     
                                                                         

     x 0 T/6 T/3 T/2 2T/3 5T/6 T 
f(x) 1.98 1.30 1.05 1.30 -0.88 -0.25 1.98                                 

[Pg: No: 59][A.U. N/D 2009]
  

33. Determine the first two harmonics of Fourier series for the following data: 
 
                                        
 
             

[Pg: No: 60] [A.U. N/D 2015]
 

34. Find the Fourier series as far as the second harmonic to represent the function f(x)    
        with period  given in the following table.                                          

  X 0 1 2 3 4 5 
f(x) 9 18 24 28 26 20 

                                                        [Pg: No: 61][A.U. N/D 2010,2012, 16, 17]
       

                                                                 
 

x: 0  
3

  2
3

    4
3

  5
3

  

  :f x  1.98  1.30 1.05 1.30 -0.88 -0.25 
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35. Find the Fourier series up to second harmonic for y = f(x) from the following values                                              
              

x 0 
3


 3
2

 


 3

4
 3

5
 

2
 

y 1 1.4 1.9 1.7 1.5 1.2 1 
          [Pg: No: 62]  [A.U MAY 2015, NOV 2013, 2014,2017, A/M 2018]

 36.  Find the Fourier cosine series up to third harmonic to represent the function given by     
       the following data:

   X 0 1 2 3 4 5 
f(x) 4 8 15 7 6 2 

                                                                                                       [Pg: No: 63]  [A.U. M/J 2016] 
 
 

IMPORTANT QUESTIONS 
 

PART-A 
 
1. State the sufficient condition for )(xf to be expressed as a Fourier series.  [A.U NOV. 2009 ],  
      4. Find the Root mean square value of 2)( xxf  in ),0( l                          [A.U.NOV. 2010] 
5. Give the expression for the Fourier series coefficient nb for the function )(xf  defined in   
        )2,2( .                                                                                                   [A.U MAY 2011] 
6.  Without finding the values of 0 , ,n na a b the Fourier coefficients of Fourier series, for the    
          function 2)( xxf   in the interval ),0(  Find the value of     

2
2 20

12 n n
n

a a b




  .    

                                      [A.U MAY 2011]               
 7. Find the RMS value of the function xxf )( in ),0( l .                              [A.U.DEC 2011] 

         
8. Define RMS value of a function )(xf over the interval ),( ba .                  [A.U DEC 2012] 
9. Determine the value of na in the Fourier series expansion of  3)( xxf  in ),(  .                                                                          
                                                                                                                           [A.U MAY 2008] 

10. Let )(xf  be defined in the interval )2,0(  by 



















2,cos

0,cos1
)(

xx

x
x

x
xf     

     )()2( xfxf   . Find the value of )(f .                                                 [A.U MAY 2009]     
11.  In the Fourier series expansion of   

             ),(
0,21

0,21
)( 





 












 in

xx

xx

xf   Find the value of nb .        [A.U MAY 2005]                                

12.  Write down the complex form of the Fourier series for  )2,()( ccinxf . 
[A.U DEC 2010]                                      

13.  State the Parseval’s theorem in Fourier series.                                        [A.U MAY 2011] 
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 14. If the Fourier series of 











xforx
xfor

xf
0sin

00
)(  is    

                  x
n

nxxf
n

sin
2
1

14
2cos21)(

1
2 


 



. Find nb .                         [A.U MAY 2011] 

15. Find the RMS value of 101)(  xinxxf                                           [A.U MAY 2010] 
16. If )(xf  is an odd function in the interval  )1,1(  , what are the values of 0 na and a .   
                     [A.U MAY 2010]                      
 17.  Check whether 21)( xxxf   is odd or even.   

 18. Find the coefficient 8a of cos 8x  in the F.C.T of the function xxf 8sin)(   in ),0(  .                                 

19. If 






  ............

2
2sin

1
sin2 xxx  in  x0 . Prove that 

6
1 2

1
2






n n
 . 

20. Find the value of  a0 in the fourier series expansion of f(x) = xe in )2,0(  .     [AU Nov 2013]                           
 

21.   In the expansion of ),(sinh)(  inxxf  as a Fourier series, find the  
         coefficient of nb  
22.  Find the Fourier constants nb  for xx sin  in ),(  .                                      [A.U DEC 
2013]                   
23. State Parseval’s Identity for the half range cosine expansion of )(xf in )1,0( .   
24. State whether xy tan can be expanded as a Fourier series. If so how ?If not why?  
25. Write 0 , na a in the expansion of 3xx  as a Fourier series in ),(  .             [A.U DEC 
2010]        
26.  Find the sine series of function    xxf 0,1 .                                     [A.U N/D 2015] 
27.  Find the half range sine series expansion of f(x) = 1 in (0, 2)                         [A.U  Nov 2013]

 28.  What do you mean by Harmonic analysis?                                           [A.U MAY 2010,2013] 

29. If the Fourier series for the function 










2sin

00
)(

xifx
xif

xf  

      
xxxxxf sin

2
1......

7.5
6cos

5.3
4cos

3.1
2cos21)( 



 


 

      Deduce that 
4

2......
7.5

1
5.3

1
3.1

1 



                                               
[A.U MAY 2004] 

30. Suppose the function xx cos  has the series expansion  nxb
n

n sin
1





 find the value of  

            ),(1 inb .  
 31.  If ( )f x  is an odd function of x  in (-2, 2), what are the value of  0 , ?na a  
           
 32.  Find nb in the expansion 4x of as a Fourier series in ( , )  . 

33. If 





1

2

2
2 cos4

3
)(

n n
nxx   in 20  x  then deduct that 



1
2

1
n n

  [AU NOV/DEC 2014] 
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 34 .  If the fourier series of the function xxxxf  ,)(  with period 2  is given by 







  ...

4
4sin

3
3sin

2
2sinsin2)( xxxxxf then find the sum of the series ...

7
1

5
1

3
11   

                                                                                                                              [AU A/M 2015] 
 35. The instantaneous current ""i at time t of an alternating current wave is given by        
       ...)(sin)(sin)(sin 553311   tItItIi  find the effective value of  the   
        current ""i                                                                                                       [A.U A/M 2015] 
36. Find the root mean square value of    ( ) 0 .f x x l x in x l       [A.U. N/D 2015]      

37.  Find the value of the Fourier series of    
 


 


cin

cin
xf

,01
0,0

     at the point of     

        discontinuity x=0.                                                                                     [A.U. M/J 2016]                                               

38. Find the value of nb in the Fourier series expansion of    
 











,0
0,

inx
inx

xf
 

  [A.U. M/J 2016] 
39. What is the sum of the Fourier series at a point oxx  where the function )(xf  has    
       a  finite discontinuity .                                                                                      

40. Obtain the first term of the Fourier series for the function   xxxf ,)( 2

                                                 
                           [A.U NOV. 2009] 
                                                                         PART-B 
1. (a). Find the Fourier series expansion of f(x) = 











22
0

xforx
xforx

        
Also, deduce that           

  

2

2 2 2 2

1 1 1 1 .........
1 3 5 7 8


    

    
           

                                                      
 

     (b).  Find the Fourier series for f(x) 











22

01
xfor

xfor

                      
[AU Nov 2013]          

2. (a). Find the Fourier series of the periodic function defined by 
, 0

( )
, 0

x
f x

x x
 


   

   
 

 
2

2 2 2

1 1 1 ...
1 1 1 8

Deduce that 
    

    

              

                    

[A.U NOV 2009]   

     (b). Expand the function   sinf x x x  as a Fourier series in the interval  , .   

                                                                                                                    
 [A.U. Nov 2000]

 3. (a). Find the Fourier series of   inxxf  .  x                
   

   [A.U. M/J 2016] 

     (b). Find the Fourier series for   f(x) cos x  in the interval    ,  .  

                              [A.UM/J 2016]        
 4. (a). Find the Fourier series expansion of 2( ) ( , )f x x x in       and hence deduce the value    

           of    2 2 2

1 1 1 ...
1 2 3

                                                                      [A.U. DEC. 2017] 

    (b). Find the Fourier series for 2( ) .f x x in x      Hence show that      
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90

...
4
1

3
1

2
1

1
1 4

4444


                                              [A.U., 2013, Nov 2014,2018]                             

   

5. (a).  If











xx
xx

xf
0,1

0,1
)(  find the Fourier series of f(x) and hence deduce     

     that
8

......
3
1

1
1 2

22




                                       [A.U. MAY 2011, NOV 2013] 
       (b). Find the Fourier series of   xinxxf sin)(   of periodicity 2 . 
                                                     [AU A/M 2015] 
6.(a). Find the Fourier series expansion the following periodic function of period 4    

       








202
022

xx
xx

xf  .  Hence deduce that .
8

...
5
1

3
1

1
1 2

222


   

                    [A.U.  N/D 2015] 

    (b). Find the half-range cosine series of    2f x x   in (0, π). Hence find the sum of the   

       Series 4 4 4

1 1 1 ..............
1 2 3
                  

 
                              

[A.U NOV 2009 , N/D 2015]
      

 

7. (a).Find the half-range cosine series of the function    f x x x   in the interval     

         0 .x    Hence deduce that   
4

4 4 4

1 1 1 ...
901 2 3


    .                  
   

[A.U. May 2018]
                                 

(b). Obtaion the half-range cosine series for  f x x
     0,in  and hence Prove that  

         96
...

3
1

2
11

4

44




                                       
 
                    

[A.U Nov 2007, 2012,2017]    
 8. (a). Find the half range cosine series of f(x) = x in 0 < x< π.                         

  
[A.U DEC 2010]       

 
     (b). Find the half range sine series of 
















xx

xx
xf

2

20
)( . Hence deduce the sum of  

       the series   
 



 1
212

1
n n

.   
                   

                        [AU A/M 2015] 

9. (a).  Find the half range sine series   2)( xlxxf    0,in l              
     

  [AU Nov 2013]        

 

     (b).  Find the half-range cosine series for  2( ) 1 0 1.f x x in x   
   

                                                                                                 
[A.U. MAY 2013, Nov 2014] 

10. (a). Obtain fourier cosine series of 40,)(  xxxf  hence deduct that  
 

          ...
5
1

3
1

1
1

444                                                                   [AU NOV 2014] 
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      (b). Obtain the Fourier series for the function  
0 1

f(x)=
2 1 2
x for x

x for x
 

   
 

                             
[A.U MAY 2011, 2013] 

11. (a).
Obtain the Fourier series for the function  

0
f(x)=

0 2
l x for x l

for l x l
  

  
 [A.U.  N/D 2017] 

      (b). Obtain the sine series for the function  











lxlforxl

lxforx
xf

2

20
  

         
                  

                   [A.U. May 2011, 2013]  
12. (a). Find the Fourier series expansion of f(x)=1-x2 in the interval  (-1,1)    

                                    
                        [A.U DEC 2010]

 

       (b). Find the half range sine series of   cosf x x x
    

 0,1 .in
     

 
 [A.U. M/J 2016] 

13. (a). Find the complex form of the Fourier series of   11   xinexf x  
                                                                          

                 
    [A.U. N/D 2009, A/M 2015]  

      (b).  Find  the complex form of Fourier series for the function   axexf  in  the interval   

          ,  Where  a is a real constant.  Hence, deduce that  








n

n

ahana 


sin
1

22 .   

  
                                            

 [A.U.N/D 2015] 
14. (a).  Find the complex form of the Fourier series ( ) cosf x ax in x     .  
             

            
   [A.U. MAY 2013] 

             (b). Compute upto first harmonics of the fourier series of f(x) given by the following   
                     table:     
                                                                         

     x 0 T/6 T/3 T/2 2T/3 5T/6 T 
f(x) 1.98 1.30 1.05 1.30 -0.88 -0.25 1.98 

                                     [A.U. NOV 2009] 
15. (a). Determine the first two harmonics of Fourier series for the following data: 
  
                                        
  

[A.U.N/D 2015] 
                            
       (b). Find the Fourier series as far as the second harmonic to represent the function f(x)    
        with period  given in the following table.                                          

  X 0 1 2 3 4 5 
f(x) 9 18 24 28 26 20 

                       
 [A.U DEC 2010, 2012]                                                                       

16.(a). Find the Fourier series up to second harmonic for y = f(x) from the following values                                              

x: 0  
3

  2
3

    4
3

  5
3

  

  :f x  1.98  1.30 1.05 1.30 -0.88 -0.25 
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x 0 

3


 3
2

 


 3

4
 3

5
 

2
 

y 1 1.4 1.9 1.7 1.5 1.2 1 
                                                               

                  
      [A.U MAY  2015, 2014,2017,2018]

 (b).  Find the Fourier cosine series up to third harmonic to represent the function given by     
       the following data:

   X 0 1 2 3 4 5 
f(x) 4 8 15 7 6 2 

                                                                                      
                  

                 [A.U. M/J 2016] 
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PART-A 

APPLICATIONS OF PARTIAL DIFFERENTIAL EQUATIONS 

1. What are the possible solutions of one-dimensional wave equations?  

                                                                         [AU –M/J 2006, Nov/Dec 2009/MAY-2014]      

Solution:   

                       )(()(),( 4321
patpatpxpx ecececectxy                                               

                      patcpatcpxcpxctxy sincos(()coscos(),( 8765                       

                     )(()(),( 1211109 ctccxctxy   

2. In the wave equation 
2

2
2

2

2

x
yc

t
y






  what does 2c ?         [AU Nov/Dec 2011, June 2013] 

Solution:                           
Mass

Tensionc 2  

3. What is the basic difference between the solution of one dimensional wave equation     

        and one dimensional heat equation?                   [AU-N/D 2017] 

Solution: 

     Solution of one dimensional wave equation is of periodic in nature. But solution of    

     the one dimensional heat equation is not of periodic in nature. 

4. Classify the Partial differential equation           

  023)1(21 222  zyzxxzzyxyzzx yxyyxyxx
 

Solution:                                 [AU – Nov-2014, May  - 2015] 

Here 
  )1(21 22 yCxyBxA 

 

             )]1(1[42 4AC  -  B 2222 yxxy   

         ]1[44                  222222 yxyxyx            

        
222222 44444                  yxyxyx 

              
2 2                       4 4 4x y  

EllipticveACByxWhen

HyperbolicveACB
yx

yx











)(04,0,0

)(04
1,1

1,1

2

2

 

5. A rod 30 cm long has its ends A and B kept at  and  respectively until steady 

state conditions prevail. Find the steady state   temperature in the rod.   
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Solution:       [AU-May 2009, Apr 2008, May-2015] 

 Let l=30 cm. 

When the steady state condition prevail the heat flow equation is 02

2





x
u

 

            )1....(..............................)( baxxu   
When the steady state condition exists the boundary conditions are 

)2......(..........80)(;20)0(  luu  
Applying (2) in (1), we get 

    A=20,   .20)0(  bu    

   
l

a 60
  

cmlx
l

xu 30,2060)(      

6. State the laws assumed to derive the one dimensional heat equation. (OR) State the    

     assumption   in deriving  the one dimensions heat flow equation (Unsteady State).                 

                                                                                                                     [AU- MAY /2014] 

Solution: 

                     1 .Heat flows from a higher temperature to lower temperature. 

                     2. The amount of heat required to produce a given temperature change in a body   

                           is proportional to the mass  of the body and to the temperature change. 

                     3. The rate at which heat flows through an area is proportional to the area and to   

                        the  temperature gradient  normal to the curve. 

7.  Given 3 possible solutions of the equation 2

2
2

2

x
ya

t
y






 ( Or) Write down the various   

          possible solutions of one dimensional heat  flow equation.  

                                         [AU. Nov – 2014, M/J 2016,N/D 2016,A/M 2017, A/M  18] 

 )(),()( 21 cxctxui   

 )(),()( 43

22 pxpxtp ececetxui    

         )sincos(),()( 65

22

pxcpxcetxui tp    

 8.Explain the term “steady state”.                                                    [A.U.NOV 2013] 

Solution: 
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       When the heat flow is independent of time‘t’, it is called steady state. in steady  state the   

       heat flows only with respect to the distance ‘x’. 

9. write down the p.d.e equation that represents steady state heat flow two dimensional    

      and name the variables involved.                                                          [A.U.M/J 2012] 

     Solution:                                 02

2

2

2









y
u

x
u

 

10.A rod 40 cm long with insulated sides with insulated sides has its ends A and B kep at   

       
c20  and c60  .Find the steady state temperature at a location 15 cm from A.  

                                                                                                                         [A.U.  A/M 2011] 

Solution. 

               400,)( 





 

 xax
l

abxu  

               400,20
40

2060)( 





 

 xxxu
 

              352015)15( u  

11. write down the three possible solutions of Laplace equations in two-dimensions.               

    Solution:                                                                                   [A.U.  N/D 2010, 2011, 17] 

                       )sincos(()(),( 4321 pycpycececyxy pxpx                                               

                      )(()sincos(),( 8765
pypy ececpxcpxctxy                       

                      )(()(),( 1211109 cyccxctxy   

12. Write down the boundary conditions for the following boundary value problem “If a   

    string of   length '' l  initially at rest in its equilibrium position and each of its point is      

     given the velocity  lxin
l
xv

t
y

t
















 0sin0 3

0


 

     Determine the displacement function  txy , ?                               [A. U.  A/M 2010] 

Solution: 

The boundary conditions are 

 (i) 0,0),0(  tty  

(ii) 0,0),(  ttly  

(iii) txxy  0,0)0,(  
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                                                (iv) lxin
l
xv

t
xy

















 0sin0)0,( 3

0


 

13. Classify the Partial differential equation    t
u

x
u








2

2

4
          [A.U.  N/D 2009] 

Solution:     

                     t
u

x
u








22

2

4
 

                      A=4,   B=0,   C=0 

                     0)0)(0(4042  ACB  

14.  Classify the Partial differential equation        x y x yU U U x y 
 

Solution:                                             [AU –A/M 2018] 

                    Here 
0 1 0A B C  

 

         2 2B   -   4 A C  (1 ) 0   

          Which is hyperbolic  equation. 

 15.  Classify the Partial differential equation.                                   
[AU – A/M-2008]  

                        
03243  yxxyxx UUUU

 
Solution:                                  

                  
043  CBA

 
                  016)0)(3(4)4( 4AC  -  B 22   

                    Which is heperbolic equation. 

16. A rod 50 cm long has its ends A and B kept at 20 and 70 degree respectively until 

steady state conditions prevail. Find the steady state   temperature in the rod.   

Solution:                                        [AU-,N/D 2008] 

 When the steady state condition prevail the heat flow equation is 02

2





x
u

 

            )1....(..............................)( baxxu   
When the steady state condition exists the boundary conditions are 

)2......(..........70)(;20)0(  luu  
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Put x=0 in (1) 200)(  bbxxu  

Put x= lx    in (1) 
l

aal

ballu
507020

70)(




 

Applying (2) in (1), we get 

l
a 50
 ,   50.20  lb    

20)(  xxu     

17. A rod 10 cm long has its ends A and B kept at 20 and 70 degree respectively until 

steady state conditions prevail. Find the steady state   temperature in the rod.   

Solution:                                            [AU-,M/J 2008] 

 When the steady state condition prevail the heat flow equation is 02

2





x
u

 

                                            )1....(..............................)( baxxu   
When the steady state condition exists the boundary conditions are 

)2......(..........70)(;20)0(  luu  

Put x=0 in (1) 200)(  bbxxu  

Put x= lx    in (1) 
l

aal

ballu
507020

70)(




 

Applying (2) in (1), we get 

l
a 50
 ,   10.20  lb    

205)(  xxu     

18. In steady state conditions derive the solution of one dimensional heat flow equation. 
                                                                                                                                                                                               
                                                                                                      [AU-Nov 2005, M/J 2006] 
Solution: 

When the steady state conditions exists the heat flow equation 
                             

                           t
u

x
u








2

2

…………………………………(1)
 

In a steady state condition, the temperature u depends only on x and not time t 

                Hence  0



t
u
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(1) Reduces 02

2




x
u ………………………………………………………………(2) 

 The general solution is baxxu )(  
 

19. State one dimensional heat equation with the initial and final   boundary conditions. 
      Solution:                                                                                              [AU-N/D 2006] 

                         The one dimensional wave equation is 
2

2
2

2

2

x
ya

t
y








 

                          ),( txu  is the temp, time t at a point distance x from the left end of the rod. 

                          The following boundary &initial conditions 

                               (i) 0),0( 1   tcktu  

        (ii) 0,0),( 2   ttcktlu  

                              (iv) )()0,( xfxu  lx 0   

20.   Write the boundary conditions and initial conditions for solving the vibration of   

        string equation, if the string is subject to initial displacement f(x) and initial   

         velocity g(x). 

     Solution:                                                                                            [AU-N/D 2006,2007] 

                        The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

                         From the given problem , we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lxxg
t
y

x









 0)(

0,

 

(iv) )()0,( xfxy    

21.  Classify the Partial differential equation  

0322 22  yxyyxyxx UUUxxyUUy
 

Solution:                                                 [AU – Nov-2009] 

             Here 
22 2 xCxyByA 

 

               044))((4)2( 4AC  -  B 2222222  yxyxxyxy  

                   Hence the function is parabolic 
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22. An insulated rod of length l=60 cm has its ends at A and B maintained at  and 
   respectively. Find the steady state solution                                  

[AU – Nov-2012] 
Solution: 

                   The heat flow equation is 02

2

2

2









y
u

x
u

 

                    When steady state condition exist the heat flow equations becomes 02

2





x
u

 

                   When the steady state condition prevail the heat flow equation is 02

2





x
u

 

                    )1....(..............................)( baxxu   
       When the steady state condition exists the boundary conditions are 

)2......(..........40)(;30)0(  luu  

          Put x=0 in (1) 300)0(  bbxu  
           Put x=l  in     (1)  40)(  ballu  

                                   
l

aal 404030   

                                                      
l

a 40
 ,   60.30  lb    

                                                 3040)(  x
l

xu  

23. A rectangular plate is bounded by the linear line x=0,y=0,x=l and y=l .Its surface is   
       insulated. The edge coinciding with x-axis is kept at c100 .The edge coinciding   
      with y-axis is kept at c50  .The other two   edges are kept  at c0 . Write down the   
    boundary conditions that are  needed for solving two dimensional heat flow equation.                                          
                                                                                                         [AU Nov/Dec 2012, 2011] 
Solution: 

The two dimensional wave equation is 02

2

2

2









y
y

x
y

 

 From the given problem, we get the following boundary &initial conditions.  

 (i) lxCxu   0,100)0,(  

  (ii) lxCyu   0,50),0(  

  (iii) lxClxu   00),(  

  (iv) lxCylu   00),(   

24. Write down the two dimensional heat  equation both in transient and Steady state. 
Solution:                                                                                                 [AU May/Jun 2012] 
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0

2

2

2

2





















y
y

x
y

C
K

t
u

       Transient state
 

 

                              
02

2

2

2

















y
y

x
y

                Steady state 
25. Write   down the boundary conditions and initial conditions when a taut string of   

       length 2l is fastened on both ends. The midpoint of the string is taken to a height b   

       and released from the rest in that position. 

     Solution.                                                                                          [AU-N/D 2015] 

                        The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

                        From the given problem , we get the following boundary &initial conditions.  

       (i) 0,0),0(  tty  

     (ii) 0,0),2(  ttly  

 (iii) 
 

lx
t
y

x

20,0
0,











 

 (iv)    













lxl
l

xlb

lx
l

bx

xy
2,2

0,
0,   

26. Explain the initial and Boundary value problems.   [AU-Apr 2009] 
Solution: 
             In Ordinary differential equations, first we get the general solution which contains the 
arbitrary constants and then we determine these constants from the given initial values. These 
types of problem are called initial value problems. 

In many physical problems, we always seek a solution of the differential equations, 
whether it ordinary or partial, which satisfies some specified equations called boundary 
conditions. Any differential equations together with these boundary conditions are called 
boundary value problems. 
 
27. State the assumptions made in the derivation of one dimensional wave equation. 
Solution:                                                                                                  [AU N/D 2016] 
 

             (i) The mass of the string per unit length is constant. 

 (ii)  The string is perfectly elastic and does not offer any resistance to bending. 

 (iii) The tension caused by stretching the string before fixing it at the end points is so   

                      large that   the   action of the gravitational force on the string can be neglected. 
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28. State Fourier law of conduction.                   [AU-Apr 2010] 
Solution:  
         The rate at which heat flows across an area A at a distance x  from one end of a bar is    
            given by   

                         
x

x
uiKAQ 










 

        K is Thermal conductivity and x
x
u










means the temperature gradient at x. 

29. Distinguish between steady and unsteady states condition in one dimensional heat    
        flow equation. 

Solution: 
STEADY STATE UNSTEADY STATE 

1. Temperature depends only 
on distance 

Temperature depends on distance 
 and time  

2. 

Equation is 02

2




x
u

 Equation is 2

2
2

x
u

t
u






   

    30.Write all possible solutions of two dimensional heat equation 02

2

2

2









x
u

x
u

 

                                                                                                                       [AU-N/D 2015] 

                      )sincos(()(),( 4321 pycpycececyxy pxpx                                               

                      )(()sincos(),( 8765
pypy ececpxcpxctxy                       

                      )(()(),( 1211109 cyccxctxy   

31. By the method of separation of variables solve 023 







y
uy

x
ux  

Solution:                                                                                                                   [AU-N/D 2015] 

                   Given       023 







y
uy

x
ux   …………………………. )1(  

Let Z = X(x) Y(y) be the solution of (1). 
 

              
023 ''  yXYxYX  

            
)(23

''

sayK
Y
Yy

X
Xx   

    x
k

X
Xk

X
Xx

3
3

''

  

                 
x

k
dx
dX

X 3
1

  

                   dx
x

kdX
X  

3
1
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1loglog

3
log cxkX 

 

                    K
Y
Yy 

'

2
 

Similarly the above steps 

                        
2loglog

3
log cykY 

 

32 . Classify the Partial differential equation    ),(
22

yxf
xy
u

xx
u









         

        Solution:                                                                          [A.U.  N/D 2009,2016] 

                      
),(

22

yxf
xy
u

xx
u









 

                        A=1,   B=1,   C=0 

                       
)(1)0)(1(414 22 veACB   

            Which  is a hyperbolic 

33. By the method of separation of variables solve 2u u u
x t
 

 
   where u(x,0) = 6e-3x

 

Solution:                                                                                                                   [AU-M/J 2017] 

                   Given     2u u u
x t
 

 
 

    

 

                     

' '2 0X T XT XT    

                     

' '2 ( )X T T K say
X T


   

                     

'
'X k X KX

X
    

                    
1 dX kdx
X dx

  

                     
1 dX kdx
X

 
 

                      
log logakx 
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PART-B 

1. ZERO INITIAL VELOCITY   (METHOD-1) 

Key Words   (I) Displacement of any point of the string (II) Initially Displacement 

1.  Tightly stretched flexible string has its ends fixed at 0x  and lx  apart. Motion is     

     Started by displacing the string in to the from  )( 2xlxky   from which it is released at   

      time t=0. Find the displacement of any   point of the string at a distance of  x  from one    

      end at time t.             [AU - May -2013,N/D2013, MAY-2015, N/D 17, A/M 18] 

Solution: 

                   The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

(iv) )0,(xy  lxxlxk  0)( 2
 

 The correct solution on the boundary condition is 

                         )1)........(sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

  0)sincos(),0( 431  patcpatccty  

       01 c  , 0)sincos( 43  patcpatc  

  Substituting     )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ……………….(2) 

Applying condition (ii) in (2), we get 

               0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                             we   consider  0sin02  plandc  
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                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting          
l

np 
  in   (2)   we get 

                       
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)

 

Differentiating (3) partially  w. r. t   ‘t’. 

                      
 )cos)sin(sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii in (3) , we get 

                        
0)(sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                         Here   lainedalreadyc exp02   ,     

                            
tsconsareall

l
xnxforalldefinedisit

l
xn tan0,0sin 


 

                         there fore      04 c  

 Substituting 04 c   in (I)   we get 

                    l
atn

l
xncctxy  cossin),( 32  

                               l
atn

l
xncn

 cossin    , Where 2 3 nc c c  

The most general solution (4) is 

                  l
atn

l
xnctxy

n
n

 cossin),(
1





 ……………………………………(4) 

Applying condition  (iv) in (4)  we get 

 

                    
)(sin)0,( 2

1

xlxk
l
xncxy

n
n 







…………………………………(5)
 

To find expand Cn : expand  )( 2xlxk   in a half range Fourier sine series in the interval 

lx 0  

    l
xnbxlxk

n
n

sin)(
1

2 





…………………………………………(6)

 

                                                     
dx

l
xnxlxk

l
bwhere

l

n  
0

2 sin)(2 
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From equations (5) and (6) , we get nn cb   

                 dx
l
xnxlxk

l
c

l

n  
0

2 sin)(2 

 

   
l

n l
xn

n
l

l
xn

n
lxl

l
xn

n
lxlx

l
kc

0
33

3

22

2
2 cos)2(sin2cos2












































          
       


















 33

3

33

3 2cos2002



 n

ln
n

l
l
k

 

         
 


n

n
l

l
k cos122

33

3









  n

n
kl )1(14

33

2


             

   
oddisnwhen
evenisnwhen

n
klcn








33

28
0


 

Substituting the value of nc in   equation  (4)  l
atn

l
xn

n
kltxy

oddn




cossin8),( 33

2







 

 Result:
 l

atn
l
xn

n
kltxy

evenn




cossin8),( 33

2






  

2. A Tightly stretched flexible string has its ends fixed at 0x  and lx  . At the time t=0 , 

the string is given by a shape defined by ),()( 2 xlkxxf  where k is constant , and then 

released from  rest . Find the displacement of   any point ‘x’ of the string at any time  t>0.      

   Solution:                                                                                    [AU / MAY -2010,2008] 

                     The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

(iv) )0,(xy  lxxlkx  0)(2
 

 The correct solution on the boundary condition is 

                        )1().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 
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                        0)sincos(),0( 431  patcpatccty  

      01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ……………….(2) 

Applying condition (ii) in (2), we get 

               0)sincos(sin),( 432  patcpatcplctly  

                Here, 0)sincos( 43  patcpatc  

                Therefore, either   02 c    plor sin)( =0 

                Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

                Solution.   

                we   consider  0sin02  plandc  

                nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                        
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)

 

Differentiating (I) partially  w. r. t   ‘t’. 

                       
 )cos)sin(sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii in (3) , we get 

                        
0)(sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                        Here   lainedalreadyc exp02   ,     

                       
tsconsareall

l
xnxforalldefinedisit

l
xn tan0,0sin 


 

                         there fore      04 c  

 Substituting 04 c   in (I)   we get 

                   l
atn

l
xncctxy  cossin),( 32  

                              l
atn

l
xncn

 cossin    , Where 2 3 nc c c  
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The most general solution  is 

                  l
atn

l
xnctxy

n
n

 cossin),(
1





 ……………………………………(4) 

Applying condition  (iv) in (4)  we get 

                    
)(sin)0,( 2

1

xlkx
l
xncxy

n
n 







…………………………………(5)
 

To find expand  )(2 xlkx   in a half range Fourier sine series in the interval lx 0  

    l
xnbxlkx

n
n

sin)(
1

2 





…………………………………………(6)

 

                                                     
dx

l
xnxlkx

l
bwhere

l

n  
0

2 sin)(2 

 
From equations (5) and (6) ,we get nn cb   

    dx
l
xnxlkx

l
c

l

n  
0

2 sin)(2 

                          
 

         

l

l
xn

n
l

l
xn

n
lxl

l
xn

n
lxlx

l
xn

n
lxlx

l
k

0
44

4

33

3

22

2
232

sin6

cos)62(sin)32()cos)((
2















































 



















     

         
















 )2(cos42

33

3

33

3

l
n

ln
n

ll
l
k




  

          
 lnl

n
l

l
k 2cos42

33

3

 
  

     
 n

n n
klc )1(214

33

3





 ………………………………………………………(7)

 

Substituting (7) in (4) , We get 

 
l
atn

l
xn

n
kltxy

n

n 


cossin)1(214),(
1

33

3









  

RESULT:
 

 
l
atn

l
xn

n
kltxy

n

n 


cossin)1(214),(
1

33

3










 
 

3. A Tightly stretched string with fixed end point 0x  and lx   is initially in a position   

given by .sin)0,( 3
0 l

xyxy 
 If it is released from rest from this position. 

  Find the displacement y at any distance x from one end at any time t.     [AU / DEC -2012] 
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Solution: 

The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

(iv) )0,(xy  lx
l
xy 0.sin 3

0


 

The correct solution on the boundary condition is 

                        )1.().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

  01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ……………….(2) 

Applying condition (ii) in (2), we get 

               0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                               we   consider  0sin02  plandc  

                               nplnplpl  ,sin,0sin
     l

np 
  

 Substituting        
l

np 
  in   (2)   we get 

                       
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)
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Differentiating (I) partially  w. r. t   ‘t’. 

                      
 )cos)sin(sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii in (3) , we get 

                       
0)(sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                        Here   lainedalreadyc exp02   ,     

                       
tsconsareall

l
xnxforalldefinedisit

l
xn tan0,0sin 


 

                         there fore      04 c  

 Substituting 04 c   in (I)   we get 

                   l
atn

l
xncctxy  cossin),( 32  

                               l
atn

l
xncn

 cossin    , Where 2 3 nc c c  

The most general solution (4) is 

                  l
atn

l
xnctxy

n
n

 cossin),(
1





 ………………………………………..(4) 

Applying condition  (iv) in (4)  we get 

                 l
xy

l
xncxy

n
n

 3
0

1

sinsin)0,( 


 ……………………………………...(5)
 

       We know that  )3sinsin3(
4
1sin 3 xxx   

                                  






 

l
x

l
x

l
x  3sinsin3

4
1sin 3

……………………………(6)
                                     

          From  (5) and (6) we get 

                          






 



 l
x

l
xy

l
xnc

n
n

 3sinsin3
4

sin 0

1
 

 .....3sin2sinsin 321 l
xc

l
xc

l
xc 







 

l
x

l
xy  3sinsin3

4
0  

Equating like coefficients on either side, we get  
4

3 0
1

y
c   ,  

02 c ,
4

0
3

y
c


 , 04 c , 05 c , 06 c      
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)5.....(4cos4sin3cos3sin2cos2sincossin),( 4321 l
at

l
xc

l
at

l
xc

l
at

l
xc

l
at

l
xctxy 



Substituting the above  values of  4
3 0

1
y

c   ,  02 c ,
4

0
3

y
c


 , 04 c , 05 c , )5(06 inc        

l
at

l
xy

l
at

l
xy

txy
 3

cos3sin
4

cossin
4

3
),( 00 

 
4.  A string of length 2l is fastend at both ends.  The mid point of the string is taken to a 

height b and then released from rest in that position.  Show that the displacement is 

   
 

   












 







 





1

2

1

2 2
12cos

2
12sin

22
18,

n

n

l
atn

l
xn

n
btxy 

                 
[AU  A /M -2017]

 

Solution: 

                                                  Y 
                                                                          
                                           

                                                                     blD ,  
 
 
 
 
                                                               
                              
 
                                               X         
                                       A(0,0)                    0,lC                      B(2l,0)   
 

Equation of AD is 

12

1

12

1

xx
xx

yy
yy








 

0
0

0
0








l
x

b
y

 

         
x

l
by   

Equation of DB is 

 b
l

lx
b
by







 





0         l
bx

l
blby 

     l
bxb  2 



 


l

xlby 2   ,
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   













lxl
l

xlb

lx
l

bx

txy
2,2

0,
,

 

The one dimensional wave equation is 
2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

  (i) 0,0),0(  tty  

 (ii) 0,0),2(  ttly  

 (iii) 
 

lx
t
y

x

20,0
0,











 

(iv)    













lxl
l

xlb

lx
l

bx

xy
2,2

0,
0,  

The correct solution on the boundary condition is 

                        )1.().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

   0)sincos(),0( 431  patcpatccty  

    01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………….(2) 

Applying condition (ii) in (2), we get 

               0)sincos(2sin),2( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor 2sin)( =0 

               Suppose, we take  02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  02sin02  plandc  

                              nplnplpl  2,sin2,02sin
     l

np
2


  
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 Substituting         
l

np
2


  in   (2)   we get 

                        
)

2
sin

2
cos(

2
sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)

 

Differentiating (I) partially  w. r. t   ‘t’. 

                        
 )

2
cos

2
)

2
sin

2
(

2
sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii in (3) , we get 

                       
0)

2
(

2
sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                        Here   lainedalreadyc exp02   ,     

                       
tsconsareall

l
anxforalldefinedisit

l
xn tan0

2
,0

2
sin 


 

                        there fore      04 c  

 Substituting 04 c   in (I)   we get 

                   l
atn

l
xncctxy

2
cos

2
sin),( 32


  

                               l
atn

l
xncn 2

cos
2

sin 
    , Where 2 3 nc c c  

The most general solution (4) is 

                  l
atn

l
xnctxy

n
n 2

cos
2

sin),(
1






 ……………………………………..…(4) 

Applying condition  (iv) in (4)  we get 

                    l
xncxy

n
n 2

sin)0,(
1







……………………………………………….(5)

 

To find expand   f(x) in a half range Fourier sine series in the interval lx 20   

     l
xnb

lxl
l

xlb

lx
l

bx

n
n 2

sin
2,2

0,

1




















 …………………………………………(6)
 

From equations (5) and (6) ,we get nn cb                                   
                         

         

      

 
l

n dx
l
xnxf

l
c

2

0 2
sin1 
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 







 
 

l

l

l

dx
l
xn

l
xlbdx

l
xn

l
bx

l

2

0 2
sin2

2
sin1 

 

          
  

l

l

l

dx
l
xnxl

l
bdx

l
xnx

l
b 2

2
0

2 2
sin2

2
sin 

 

     

l

l

l

l
n

l
xn

l
n

l
xn

xl
l
b

l
n

l
xn

l
n

l
xn

x
l
b

2

22

0

22

2

2
sin

1

2

2
cos

2

2

2
sin

1

2

2
cos




















































































































































 


















 

 
l

l

l

l
xn

n
l

l
xn

n
lxl

l
b

l
xn

n
l

l
xn

n
lx

l
b

22

2
0

2

2 2
sin2

2
cos22

2
sin2

2
cos2

































































             

   







































2
sin4

2
cos20000

2
sin4

2
cos2

22

22

2

2

22

2

2













n
n

ln
n

l
l
bn

n
ln

n
l

l
b

 

              



























2
sin4

2
cos2

2
sin4

2
cos2

22

22

22

22

2













n
n

ln
n
ln

n
ln

n
l

l
b

 

             












2
sin8

22

2

2




n
n

l
l
b

  ie.., 
2

sin8
22




n
n

bc n   

    2
sin8

22




n
n

bc n   

     
2

sin8
22




n
n

bc n   if n is odd. 

  Substitute the value of cn in equation (4) we get 

  





oddn l

atn
l
xnn

n
btxysult

2
cos

2
sin

2
sin8,:Re 22




 

5. A taut   string of  length L has  its ends 0x  and lx   fixed . The point where 3
lx   

is drawn aside a small distance h , the displacement ),( txy  satisfies 2

2
2

2

2

x
ya

t
y








. 

Determine ),( txy  at any time t.                          [AU / MAY -2010] 
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solution: 

               First we find the equation of the string in its initial position. 

            The equation of the line ( or string ) OB   

12

1

12

1

xx
xx

yy
yy








 

0
3

0
0
0









l
x

h
y

 

                      .30,3 lx
l
xhy   

The equation of the line ( or string ) BA  is 

  
12

1

12

1

xx
xx

yy
yy








 

      
l

lx

h
hy

3
2

3






 

                   lxlxl
l
hy 

3
).,(

2
3  

                               
lxl

x

xl
l
h

l
xh

xf

l
















3
,

0

)(
2
3

3

)(
3

 

The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

(iv) 
lxl

x

xl
l
h

l
xh

xy

l
















3
,

0

)(
2
3

3

)0,(
3

 

The correct solution on the boundary condition is 
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                        )1...().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

 01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    …………………..(2) 

Applying condition (ii) in (2), we get 

               0)sincos(sin),( 432  patcpatcplctly  

                Here, 0)sincos( 43  patcpatc  

                Therefore, either   02 c    plor sin)( =0 

                 Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

                Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting       
l

np 
  in   (2)   we get 

                       
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)

 

Differentiating (I) partially  w. r. t   ‘t’. 

                      
 )cos)sin(sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii) in (3) , we get 

                       
0)(sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                        Here   lainedalreadyc exp02   ,     

                       
tsconsareall

l
xnxforalldefinedisit

l
xn tan0,0sin 


 

                         there fore      04 c  

 Substituting 04 c   in (I)   we get 



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

24
 

                    l
atn

l
xncctxy  cossin),( 32  

                               l
atn

l
xncn

 cossin    , Where 2 3 nc c c  

The most general solution  is 

                  l
atn

l
xnctxy

n
n

 cossin),(
1





 ……………………………………(4) 

Applying condition  (iv) in (4)  we get 

                    l
xncxy

n
n

sin)0,(
1






……………………………………………(5)

 

To find expand f(x) in a half range Fourier sine series in the interval lx 0  

       lxl

x

xl
l
h

l
xh

l
xnb

l

n
n




















3
,

0

)(
2
3

3

sin
3

1



 …………………………….(6)
 

From equations (5) and (6) ,we get nn cb   


l

n dx
l

xn
xf

l
c

0

sin)(2 

 

                     















  3

0

3

sin)(sin)(2 l l

l

dx
l

xnxfdx
l
xnxf

l


 

                        















  3

0

3

sin)(
2
3sin32 l l

l

dx
l

xnxl
l
hdx

l
xn

l
hx

l


 

                        















  3

0

3

sin)(
2
3sin32 l l

l

dx
l

xnxl
l
hdx

l
xn

l
hx

l


           

                        
































l

ll
xn

n
l

l
xn

n
lxl

l
xn

n
l

l
xn

n
lx

l
h

l

3

22

2

0
22

2

2 sincos)(
2
1sincos6 3 











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









































)
3

sin
3

cos)
3

(()00(
2
1

)00(
3

sin
3

cos
36

22

2

22

22

2 











n
n

ln
n
lll

n
n

ln
n
l

l
h

 

            










3
sin

23
cos

3
2

2
1

3
sin

3
cos

3
6

22

22

22

22

2













n
n
ln

n
ln

n
ln

n
l

l
h

 

            










3
sin

2
36

22

2

2




n
n

l
l
h

 

       3
sin9

22




n
n

hcn 
……………………………………………(7) 

Equation (7) in (4) 

.
cossin

3
sin19),(

1
22 l

atn
l
xnn

n
htxy

n


 






 

RESULT:  

                          .
cossin

3
sin19),(

1
22 l

atn
l
xnn

n
htxy

n


 






 

6. A String is   stretched and fastened to   points at a distance  l  apart the motion is 

started by  displace the string in form  lx
l
xay  0,.sin   from which it  is  released at 

a time t = 0  find the displacement  at any time  t                       [AU / MAY -2014] 

Solution: 

The one dimensional wave equation is 2

2
2

2

2

x
ya

t
y








 

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

(iv) )0,(xy  lx
l
xa 0.sin 

 

The correct solution on the boundary condition is 

                        )1.().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   
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Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

       01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………….(2) 

Applying condition (ii) in (2), we get 

              0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                       
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(I)

 

Differentiating (3) partially  w. r. t   ‘t’. 

                      
 )cos)sin(sin),(

432 l
atn

l
anc

l
atn

l
anc

l
xnc

t
txy 






…………..(3)
 

Applying condition (iii) in (I) , we get 

                       
0)(sin)0,(

42 



l
anc

l
xnc

t
xy 

 

                        Here   lainedalreadyc exp02   ,     

                       
tsconsareall

l
xnxforalldefinedisit

l
xn tan0,0sin 


 

                         there fore      04 c  

 Substituting 04 c   in (I)   we get 

                   l
atn

l
xncctxy  cossin),( 32  
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                              l
atn

l
xncn

 cossin    , Where 2 3 nc c c  

The most general solution (4) is 

                  l
atn

l
xnctxy

n
n

 cossin),(
1





 ……………………………………(4) 

Applying condition  (iv) in (4)  we get 

               l
xa

l
xncxy

n
n

 sinsin)0,(
1




 ………………………………….(5)
 

The  most general solution  is 

                    l
xa

l
xncxy n

n

 sinsin)0,(
1





………..(6) 

                    l
xa

l
xc

l
xc  sin......2sinsin 21   

Equating   the coefficients, we  get 

 ac 1   , 02 c  , 03 c  

).....(4cos4sin3cos3sin2cos2sincossin),( 4321 C
l
at

l
xc

l
at

l
xc

l
at

l
xc

l
at

l
xctxy 

  

Substituting        ac 1   , 02 c  , 03 c  in (3)  we  get 

l
at

l
xatxy  cossin),(   

2. NON ZERO VELOCITY   (METHOD-2) 

KEY WORDS (i) Equilibrium Position (ii) Given velocity (iii) Initially at rest 

7. A tightly stretched string with fixed end points x = 0 and x = 1 is initially at rest in its 

equilibrium Position.  It is set vibrating string giving each point a velocity  xx 1   

   Solution:                                                                            [AU / MAY -2013] 

       The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






      

  From the given problem we get the following boundary conditions are 

   0,0,0)(  ttyi  

 (ii)   0,0,  ttly  

(iii).   lxxy  0,00,  

                         (iv).     .0,)(0, lxxfxlxx
t
y





  
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The correct solution on the boundary condition is 

                          )1..().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

 01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………...(2) 

Applying condition (ii) in (2), we get 

               0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                      
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                       
  0sin0, 32  c

l
xncxy    

                         Here 0sin 
l

xn   [ It is defined for all x] 

 02 c   [ c2 = 0 we already explained] 

Therefore 03 c  

Substitute C3 = 0 in equation (3) we get 

               
 

l
atn

l
xncctxy  sinsin, 42  

                          
nn Cccwhere

l
atn

l
xnc  42,sinsin    
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The most general solution we get 

                 
  






1

sinsin,
n

n l
atn

l
xnCtxy   ………………………….(I)            

Partially diff   w. r. to  ‘t’ we get 

               
  









 



 l
an

l
atn

l
xnCtx

t
y

n
n



1
cossin,

-----------------------------(4)
 

Now we apply condition (iv) in (4) we get 

      xlx
l
xn

l
anCx

t
y

n
n










 





 sin0,
1 ………………………………..(5) 

Now to find nc  expand  xlx   in a half-range Fourier   series , we get 

              
 xlx

l
xnbxf n

n






sin)(
1

 ……………………………………...(6) 

  From equations (5) and (6) we get   

                   
l
xninb

l
xn

l
anc

n
nn

n

 
















11
sin

   

         Equating like co-efficients, we get                       

                              








l
anbC nn



……………………………………………….(7)
 

                               
  dx

l
xnxlx

l
b

l

n
 sin2

0
   

     

l

l
n

l
xn

l
n

l
xn

xl

l
n

l
xn

xlx
l

0

32
2

cos
2

sin
2

cos2
















































































































  

 

   
l

l
xn

n
l

l
xn

n
lxl

l
xn

n
lxlx

l
0

32
2 cos2sin2cos2











































  

   
 
















































33

20012002



n
l

n
l

l
n  

   
 



























33

2122



n
l

n
l

l
n  
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     nn

n
l

n
l

l
1141122

33

23















 

                        
  n

n n
l

l
anc 114

33

2












 

0nc    if  n  is  even. 

33

28



n
lcn 

 
is  n  is  odd…………………………………….(8) 

Substituting (8) in (7) 

44

38



 na

l
an

lbc nn  …………………………………………...(9) 

Substituting (9) in (I)
            

 

  





oddn l

atn
l

xn
an

ltxy 


 sinsin8, 44

3

 

                    RESULT     





oddn l

atn
l

xn
an

ltxy 


 sinsin8, 44

3

 

8. A string is stretched between two fixed points at a distance 2l apart and the points of the   

       string are given initial velocities v where
 














lxin
l

xlc

lxin
l

cx

v
20)2(

0
 

   x being the distance from one end point. Find the displacement of the string at any  time.
    [AU / DEC -2010] 

                                                                   (OR) 

PUT C=1 

A string is stretched between two fixed points at a distance 2l apart and the points of the   

       string are given initial velocities v where
 














lxin
l

xl

lxin
l
x

v
20)2(

0
 

   x being the distance from one end point. Find the displacement of the string at any 

   time.                                                              [AU A/M  -2016] 

Solution:        The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






      

From the given problem we get the following boundary conditions are 
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   0,0,0)(  ttyi  

 (ii)   0,0,2  ttly  

(iii).   lxxy  0,00,  

                         (iv).   .20,)(0, lxxfx
t
y



  

The correct solution on the boundary condition is 

                        )1.().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

       01 c  , 0)sincos( 43  patcpatc  

   Substituting   )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………...(2) 

Applying condition (ii) in (2), we get 

              0)sincos(2sin),2( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor 2sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  02sin02  plandc  

                              nplnpllp  2,sin2,02sin
     l

np
2


  

 Substituting 
l

np
2


  in   (2)   we get 

                      
)

2
sin

2
cos(

2
sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                     
  0

2
sin0, 32  c

l
xncxy    

                     Here 0
2

sin 
l
xn   [ It is defined for all x] 

                       02 c   [ c2 = 0 we already explained] 
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Therefore 03 c  

Substitute C3 = 0 in equation (3) we get 

               
 

l
atn

l
xncctxy

2
sin

2
sin, 42


  

                           
nn ccc

l
atn

l
xnc  42,

2
sin

2
sin         

The most general solution we get 

                 
  






1 2

sin
2

sin,
n

n l
atn

l
xnctxy   ………………………….(I)            

Partially diff   w. r. to  ‘t’ we get 

               
  















1 2
cos

22
sin,

n
n l

atn
l
an

l
xnctx

t
y 

---------------------------…………….(4)
 

Now we apply condition (iv) in (4) we get 

  
 




 















1 22

0

22
sin0,

n
n

lxlinxl
l
c

lxin
l

cx

l
an

l
xncx

t
y 

………………………..(5) 

Now to find nc  expand f(x) in a half-range Fourier series , we get 

              














 lxlinxl
l
c

lxin
l

cx

l
xnbxf n

n 22

0

2
sin)(

1

  ……………………………………...(6) 

  From equations (5) and (6) we get   

                   
l
xninSb

l
xn

l
anc

n
nn

n 22
sin

2 11

 
















   

         Equating like co-efficients, we get                       

                             








l
anbc nn 2



……………………………………………….(7)                           
 

To find Bn expand f(x) in a Half range Fourier sine series in the interval (0, 2l) 

                     
   

l

n dx
l
xnxf

l
b

2

0 2
sin

2
2    

                      
  








 

l

l

l

n dx
l
xnxl

l
cdx

l
xn

l
cx

l
b

2

0 2
sin2

2
sin1 

 

  







 

l

l

l

dx
l
xnxldx

l
xnx

l
c 2

0
2 2

sin2
2

sin   



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

33
 

  

     






























































































 




























































l

l

l

l
n

l
xn

l
n

l
xn

xl

l
n

l
xn

l
n

l
xn

x
l
c

2

222

2

2
sin

1

2

2
cos

2

2

2
sin

1

2

2
cos
















 

  

l

l
xn

n
l

l
xn

n
lx

l
c

0

2

2 2
sin2

2
cos2

































 

  
 

l

l
l
xn

n
l

l
xn

n
lxl

l
c

22

2 2
sin2

2
cos22








































 

 



































 00

2
sin2

2
cos2 22

2







n
n

l
l
ln

n
l

l
c  

 





























2
sin2cos200

22

2







n
n

ln
n
l

l
c  





























2
sin2

2
cos2

2
sin2

2
cos2

2222

2













n
n
ln

n
ln

n
l

l
n

n
l

l
c

 

2
sin8

2
sin22 22

2

2







n
n

cn
n

l
l
c



















  

                 l
ancb nn 2


  

2
sin16

2
sin22

3322







n
an

cln
n

c
an

lB
an

lc nn   

 (5)   
l
atn

l
xnn

an
cltxy

n 2
sin

2
sin

2
sin16,

1
33








  

                      
 

l
atn

l
xnn

na
cltxy

n 2
sin

2
sin

2
sin116,

1
33


 





 .. 

RESULT:
 
 

l
atn

l
xnn

na
cltxy

n 2
sin

2
sin

2
sin116,

1
33


 





  

9. A string of length l is initially at rest in its equilibrium position and motion is started by     

     giving each of its points a velocity given by 

 













lxlifxlc

lxifcx
v

2

2
0

 

    Find the displacement function y (x,t).                                     [AU M/J 2007, N/D 2010] 
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Solution:        The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






    

From the given problem we get the following boundary conditions are 

   0,0,0)(  ttyi  

 (ii)   0,0,  ttly  

(iii).   lxxy  0,00,  

                         (iv).   .0,)(0, lxxfx
t
y



  

The correct solution on the boundary condition is 

                        )1.().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

         01 c  , 0)sincos( 43  patcpatc  

   Substituting    )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………….(2) 

Applying condition (ii) in (2), we get 

                       0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                      
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                       
  0sin0, 32  c

l
xncxy    
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                         Here 0sin 
l

xn   [ It is defined for all x] 

 02 c   [ c2 = 0 we already explained] 

Therefore 03 c  

Substitute C3 = 0 in equation (3) we get 

               
 

l
atn

l
xncctxy  sinsin, 42  

                          
nn ccc

l
atn

l
xnc  42,sinsin         

The most general solution we get 

 
  






1

sinsin,
n

n l
atn

l
xnctxy   ……………………………...(I)            

Partially diff   w. r. to  ‘t’ we get 

           
  









1
cossin,

n
n l

atn
l

an
l

xnctx
t
y 

---------------------------………………...(4)
 

Now we apply condition (iv) in (4) we get 

  
 























1

2

2
0

sin0,
n

n

lxlifxlc

lxifcx

l
an

l
xncx

t
y 

…………………...(5) 

Now to find nc  expand f(x) in a half-range Fourier series , we get 

                



















1

2

2
0

sin)(
n

n

lxlifxlc

lxifcx

l
xnbxf   ………………………….(6) 

  From equations (5) and (6) we get   

                   
l
xninb

l
xn

l
anc

n
nn

n

 
















11
sin

   

         Equating like co-efficients, we get                       

                   








l
anbc nn



………………………………………………….(7)                                                 

                
 














 

l

l

l

n dx
l

xnxlcdx
l

xncx
l

b
2

2

0

sinsin2   
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 













 

l

l

l

dx
l

xnxldx
l

xnx
l
c

2

2

0

sinsin2   

     


































































































 





























































l

l

l

l
n

l
xn

l
n

l
xn

xl

l
n

l
xn

l
n

l
xn

x
l

c

2

2

2

2

sin
1

cossin
1

cos2















 





























2
sin

2
cos

2
2 22 





n

n
ln

n
l

l
c  




































2
sin

2
cos

2
02 22 





n

n
ln

n
l

l
c  

2
sin4

2
sin22

22

2 





n
n

lcn
n
l

l
c



















  

2
sin4

2
sin4

33

2

22







n
an

cln
n

lc
an

lb
an

lc nn   

         (I)   
l
atn

l
xnn

an
cltxy

n




sinsin
2

sin4,
1

33

2






  

                     
 

l
atn

l
xnn

na
cltxy

n




sinsin
2

sin14,
1

33

2






 .. 

RESULT:
 
 

l
atn

l
xnn

na
cltxy

n




sinsin
2

sin14,
1

33

2






  

 10. If a string of length l is initially at rest in its equilibrium position and each of its points is 

given the velocity lx
l
xv

t
y

t













0,sin 3
0

0

 , determine the transverse displacement (or) 

displacement of a point distant x from one end at time‘t’.                       

 Solution:                                                                 [AU N/D 2008/NOV-2013,2014] 

        The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






       

 From the given problem we get the following boundary conditions are 

   0,0,0)(  ttyi  

 (ii)   0,0,  ttly  

(iii).   lxxy  0,00,  
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                         (iv).     .0,)(0, lxxfxlxx
t
y





  

The correct solution on the boundary condition is 

                        )1..().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

 01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………….(2) 

Applying condition (ii) in (2), we get 

                       0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                      
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                       
  0sin0, 32  c

l
xncxy    

                         Here 0sin 
l

xn   [ It is defined for all x] 

 02 c   [ c2 = 0 we already explained] 

Therefore 03 c  

Substitute C3 = 0 in equation (3) we get 

               
 

l
atn

l
xncctxy  sinsin, 42  
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nn ccc

l
atn

l
xnc  42,sinsin         

The most general solution we get 

  





1

sinsin,
n

n l
atn

l
xnctxy   ………………………….(I)            

Partially diff   w. r. to  ‘t’ we get 

           
  









1
cossin,

n
n l

atn
l

an
l

xnctx
t
y 

---------------------------…………….(4)
 

Now we apply condition (iv) in (4) we get 

  
l
xv

l
an

l
xncx

t
y

o
n

n
 3

1
sinsin0, 









……………………………..(5) 

     






1

3
0 sinsin

n
n l

xv
l
xnb   
























l
x

l
xv

l
xb

l
xb

l
xb  3sinsin3

4
...3sin2sinsin 0

321  

Equating the co-efficient on both sides 

0...
4

,
4

3
542

0
3

0
1  bbb

v
b

v
b

 

 









4
3

4
3

0
1

0
11

v
a
lc

v
l
acb





 

                            a
lvv

a
lc

v
l
acb





1243

4
3

00
3

0
33
















 

                             From equation (I), we get 

 
l
at

l
xC

l
at

l
xCtxy  3sin3sinsinsin, 31 

    

   RESULT  :                         
 

l
at

l
x

a
lv

l
at

l
x

a
lv

txy 





3sin3sin
12

sinsin
4
3

, 00 
 

11. A Tightly stretched flexible string has its ends fixed at 0x  and lx  . At the time t=0 , 

the string is given by a shape defined by 















lxlif
l
kxk

lxif
l
kx

xy

2
22

2
02

)0,( where k is constant 
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, and then released from  rest . Find the displacement of   any point ‘x’ of the string at any   
time   t>0.  
 
Solution:                                                                                                    [AU / NOV -2015] 

        The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






    

 From the given problem ,we get the following boundary &initial conditions.  

 (i) 0,0),0(  tty  

 (ii) 0,0),(  ttly  

 (iii) 
 

lx
t
y

x









 0,0

0,

 

                         (iv) )0,(xy















lxlif
l
kxk

lxif
l
kx

2
22

2
02

 

   The correct solution on the boundary condition is 

                        )1..().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

 01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………...(2) 

Applying condition (ii) in (2), we get 

                       0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 
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)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                       
  0sin0, 32  c

l
xncxy    

                         Here 0sin 
l

xn   [ It is defined for all x] 

 02 c   [ c2 = 0 we already explained] 

Therefore 03 c  

Substitute C3 = 0 in equation (3) we get 

               
 

l
atn

l
xncctxy  sinsin, 42  

                          
nn Cccwhere

l
atn

l
xnc  42,sinsin    

The most general solution we get 

  





1

sinsin,
n

n l
atn

l
xnCtxy   ………………………….(I)            

Partially diff   w. r. to  ‘t’ we get 

                       
  









 



 l
an

l
atn

l
xnCtx

t
y

n
n



1
cossin,

-----------------------------(4)
 

Now we apply condition (iv) in (4) we get 

  






















 



 lxlif
l
kxk

lxif
l
kx

l
xn

l
anCx

t
y

n
n

2
22

2
02

sin0,
1



         

                                                                              ………………………………..(5) 

Now to find nc  expand 














lxlif
l
kxk

lxif
l
kx

2
22

2
02

 in a half-range Fourier   series , we get 

               
















 lxlif
l
kxk

lxif
l
kx

l
xnbxf n

n

2
22

2
02

sin)(
1

  ……………………………………...(6) 

  From equations (5) and (6) we get   
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l
xninb

l
xn

l
anc

n
nn

n

 
















11
sin

   

         Equating like co-efficients, we get                       

                              








l
anbC nn



……………………………………………….(7)
 

   
                



















 






 

l

l

l

n dx
l

xn
l
kxkdx

l
xn

l
kx

l
b

2

2

0

sin22sin22   

 













 

l

l

l

dx
l

xnxldx
l

xnx
l
k

2

2

0
2 sinsin2   

     


































































































 





























































l

l

l

l
n

l
xn

l
n

l
xn

xl

l
n

l
xn

l
n

l
xn

x
l

k

2

2

2

22

sin
1

cossin
1

cos2















 





























2
sin

2
cos

2
2 22

2







n
n
ln

n
l

l
k  




































2
sin

2
cos

2
02 22

2







n
n
ln

n
l

l
k  

2
sin8

2
sin22

22

2

2







n
n

kn
n
l

l
k



















  

         (I)   
l
atn

l
xnn

n
ktxy

n




cossin
2

sin8,
1

22





 

RESULT:
 
 

l
atn

l
xnn

n
ktxy

n




cossin
2

sin8,
1

22





] 

12. If a string of length l is initially at rest in its equilibrium position and each of its points is 

given the velocity lx
l
x

l
xv

t
y

t




























0,,cos3sin0
0

 , determine the transverse 

displacement (or) displacement of a point distant x from one end at time‘t’.                                   

Solution:                                                                      [AU N/D 2016] 

        The one dimensional wave equation is  
2

2
2

2

2

x
ya

t
y






       

 From the given problem we get the following boundary conditions are 
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   0,0,0)(  ttyi  

 (ii)   0,0,  ttly  

(iii).   lxxy  0,00,  

                         (iv). lx
l
x

l
xv

t
y

t




























0,,cos3sin0
0

  

The correct solution on the boundary condition is 

                        )1..().........sincos()sincos(),( 4321 patcpatcpxcpxctxy   

Applying condition (i) in   (1), we get 

 0)sincos(),0( 431  patcpatccty  

 01 c  , 0)sincos( 43  patcpatc  

   Substituting  )1(01 eqninc       

)sincos(sin),( 432 patcpatcpxctxy    ………………….(2) 

Applying condition (ii) in (2), we get 

                       0)sincos(sin),( 432  patcpatcplctly  

               Here, 0)sincos( 43  patcpatc  

               Therefore, either   02 c    plor sin)( =0 

               Suppose, we take    02 c  and already   we   have   01 c  then we get a trivial   

               Solution.   

                              we   consider  0sin02  plandc  

                              nplnplpl  ,sin,0sin
     l

np 
  

 Substituting 
l

np 
  in   (2)   we get 

                      
)sincos(sin),( 432 l

atnc
l
atnc

l
xnctxy 


…………………………(3)

 

Applying condition (iii) in equation (3) we get 

                       
  0sin0, 32  c

l
xncxy    

                         Here 0sin 
l

xn   [ It is defined for all x] 

 02 c   [ c2 = 0 we already explained] 
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Therefore 03 c  

Substitute      C3 = 0 in equation (3) we get 

                
 

l
atn

l
xncctxy  sinsin, 42  

                          
nn ccc

l
atn

l
xnc  42,sinsin         

The most general solution we get 

               
  






1

sinsin,
n

n l
atn

l
xnctxy   ………………………….(I)            

Partially diff   w. r. to  ‘t’ we get 

           
  









1
cossin,

n
n l

atn
l

an
l

xnctx
t
y 

---------------------------…………….(4)
 

Now we apply condition (iv) in (4) we get 

  
l
xv

l
an

l
xncx

t
y

o
n

n
 3

1
sinsin0, 









……………………………..(5) 

     


















 l
x

l
xv

l
xnb

n
n

 cos3sinsin
1

0  
























l
x

l
xv

l
xb

l
xb

l
xb  2sin4sin

2
...3sin2sinsin 0

321  

Equating the co-efficient on both sides 

 









2

2
0

1

0
1

vc

a
lv

b


 

                            

0
0

23

23




cc
BB

 

                         









a
lv

B

v
C

8

2
0

4

0
4

 

                             From equation (I), we get 

              
 

l
at

l
x

a
lv

l
at

l
x

a
lv

txy 





4sin4sin
8

sinsin
2

, 00 
 

   RESULT  :     
 

l
at

l
x

a
lv

l
at

l
x

a
lv

txy 





4sin4sin
8

sinsin
2

, 00 
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              3.  HORIZONTALLY   INFINITE PLATE 

        KEY WORDS (i) An infinitely Plate (iii) A long rectangular plate (ii) short edge 0x  

13. An infinitely long rectangular plate with insulated surface is 10cm wide. The two long 

edges and  one short edge are kept at zero temperature, while the other short edge 0x  is 

kept at temperature given by 








105,)10(20
50,20

yfory
yfory

u find the steady state  

temperature distribution in the plate                                           [AU / MAY -2014] 

Solution: 

The two dimensional heat flow equation is (*)02

2

2

2









y
u

x
u

.
 

From the given problem we have the following boundary conditions 
xallforxui 0)0,()(   

xallforlxuii 0),()(   

0,0),()(  uxforyuiii  















lylforyll

lyforyl
yuiv

2
,)(2

2
0,2

),0()(  

The correction solution of (*) which satisfies the first three boundary conditions is           

                  )1(sincos),(   pyDpyCBeAeyxu xpxp  

Applying condition (i) in (1) we get, 

                   0)0,(   CBeAexu xpxp
 

                  00   xpxp BeAeC  (it is defined  for all x) 

Substituting    C=0 in (i) we get, 

                    )2(sin),(   pyDBeAeyxu xpxp
 

Applying condition (ii ) in (2) we get, 

                    0sin),(   plDBeAelxu xpxp
 

                                                    xallfordefinedisitBeAe xpxp 0   

           solutiontrivialgetweThenCalredyDifD 0,00    

         0sin0sin  npl  

                 l
np 

  
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Substituting   l
np 

   in (2) we get, 

                  
)3(sin),( 




















l
ynDBeAeyxu l

xn

l
xn 

 

Applying condition( iii ) in (3) we get, 

                  
  0sin),( 






 

l
ynDBeAeyu 

 

                    
0sin 

l
yn    it is defined for all y      

                          0D     (if D=0 already explained )  

                                                                                           As 0,  uy  (condition  (iii) ) 

This is possible only when  0A              ugetweBif 0                    
Substituting  A=0 in (3) we get, 

              
















 

l
ynDBeyxu l

xn 

sin),(  

                          
BDc

l
ynec n

l
xn

n 












,sin 

 

The most general solution can be written as 

              
)4(sin),(

1





 l

xn

n
n e

l
yncyxu

  

Applying condition ( iv ) in (4) we get, 

            
)5()(sin),0(

1






yf
l
yncyu

n
n


 

  To find cn expand f(y) in a  half range sine series 

               






1

)6(sin)(
n

n l
ynbyf 

 

                  )7()6(&)5(sin  gubc nn  

         Now, 
l

n dy
l
ynyf

l
b

0

sin)(2 
 

 









l

l

l

dy
l
ynylldy

l
ynly

l
2

2

0

sin)(2sin22 
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l

l

l

l
n

l
yn

l
n

l
yn

yl

l
n

l
yn

l
n

l
yn

y

2
2

22

2

02

22

sin
)1(

cos
)(

sin
1

cos
4























































 
























































 


























 





















































 



















































































































2

22

2

22

2

22

2
sin

2
cos

)
2

(sincos)(2
sin

12
cos

2
4

l
n

n

l
n

n
ll

l
n

n

l
n

nll

l
n

n

l
n

n
l























 











2
sin

2
cos

22
sin

2
cos

2
4 22

22

22

22 











n
n

ln
n
ln

n
ln

n
l

 











2
sin24 22

2 


n
n

lbn  

         
)8(

2
sin8

22

2














n
n

lcn  

Substituting  (8) in (4) we get, 

l
xn

n
e

l
ynn

n
lyxu









1
22

2

sin
2

sin8),(  

Replace l by 10 we get,  

10

1
22 10

sin
2

sin800),(
xn

n

eynn
n

yxu







  

RESULT:
 

10

1
22 10

sin
2

sin800),(
xn

n
eynn

n
yxu









 
14. An infinitely long rectangular plate with insulated surface is 20cm wide. The two long 

edges and  one short edge are kept at zero temperature, while the other short edge 0x  is 

kept at temperature given by 
10 , 0 10
10(20 ) , 10 20

y for y
u

y for y
 

    
find the steady state  

temperature distribution in the plate                                                          [AU  A/ M -2017] 

Solution:                       20, 10
2
ll    
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The two dimensional heat flow equation is (*)02

2

2

2









y
u

x
u

.
 

From the given problem we have the following boundary conditions 
xallforxui 0)0,()(   

( ) ( , ) 0ii u x l for all x  

0,0),()(  uxforyuiii  

, 0
2 2( ) (0, )

( ) ,
2 2

l ly for y
iv u y

l ll y for y l

   
   


 

The correction solution of (*) which satisfies the first three boundary conditions is           

                  )1(sincos),(   pyDpyCBeAeyxu xpxp  

Applying condition (i) in (1) we get, 

                   0)0,(   CBeAexu xpxp
 

                  00   xpxp BeAeC  (it is defined  for all x) 

Substituting    C=0 in (i) we get, 

                    )2(sin),(   pyDBeAeyxu xpxp
 

Applying condition (ii ) in (2) we get, 

                    0sin),(   plDBeAelxu xpxp
 

                                                    xallfordefinedisitBeAe xpxp 0   

           solutiontrivialgetweThenCalredyDifD 0,00    

         0sin0sin  npl  

                 l
np 

  

Substituting   l
np 

   in (2) we get, 

                  
)3(sin),( 




















l
ynDBeAeyxu l

xn

l
xn 

 

Applying condition( iii ) in (3) we get, 

                      
  0sin),( 






 

l
ynDBeAeyu 

 



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

48
 

                      
0sin 

l
yn    it is defined for all y      

                          0D     (if D=0 already explained )  

                                                                                           As 0,  uy  (condition  (iii) ) 

This is possible only when  0A              ugetweBif 0                    
Substituting  A=0 in (3) we get, 

              
















 

l
ynDBeyxu l

xn 

sin),(  

                          
BDc

l
ynec n

l
xn

n 












,sin 

 

The most general solution can be written as 

              
)4(sin),(

1





 l

xn

n
n e

l
yncyxu

  

Applying condition ( iv ) in (4) we get, 

            
)5()(sin),0(

1






yf
l
yncyu

n
n


 

  To find cn expand f(y) in a  half range sine series 

               






1

)6(sin)(
n

n l
ynbyf 

 

                  )7()6(&)5(sin  gubc nn  

         Now, 
l

n dy
l
ynyf

l
b

0

sin)(2 

 

                        

2

0
2

2 sin ( ) sin
2 2

l
l

l

l n y l n yy dy l y dy
l l l

 
 
    
 
 
 

               

2 2

2 2 2 2

2 2
0 0

cos sin cos sin
1 ( ) ( 1)

l l

n y n y n y n y
l l l ly l yn nn n

l ll l

   

  

                                      
                        
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2 2 2 2

2 2

cos sin coscos sin2 2 21 ( ) ( )
2 2

n n n
l n n ll l ln n nn n

l l ll l

  
 

   

         
                               

                       

 
2 2

2

sin
2

n

n
l





 
 

 
  
 

 

2 2 2 2

2 2 2 2cos sin cos sin
2 2 2 2 2 2
l n l n l n l n
n n n n

   
   

 
     
 

 

2

2 2

2 sin
2n

l nb
n




 
  
 

 

         

2

2 2

2 sin (8)
2n

l nc
n




 
                 
 

 

Substituting  (8) in (4) we get, 
2

2 2
1

2( , ) sin sin
2

n x
l

n

l n n yu x y e
n l

 






  

Replace l by 10 we get,  

10

1
22 10

sin
2

sin800),(
xn

n

eynn
n

yxu







  

RESULT:
 

10

1
22 10

sin
2

sin800),(
xn

n
eynn

n
yxu







  

15. An infinitely long metal plate in the form of an area is enclosed between the lines 

 yandy 0 for 0x . The temperature is zero along the edges  yandy 0 and at 

infinity. If the edges  0x is kept at a constant temperature CT 0
0 ,find the steady state 

temperature at any point of the   plate?                                            [AU / DEC -2009] 

Solution: 

The two dimensional heat flow equation is (*)02

2

2

2









y
u

x
u  

From the given problem we have the following boundary conditions are 

xallforxui 0)0,()(   

xallforxuii 0),()(   
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0,0),()(  uxforyuiii  

 yTyuiv 0,),0()( 0  

The correction solution of (*) which satisfies the first three boundary conditions is 

   )1(sincos),(   pyDpyCBeAeyxu xpxp

Applying condition ( i ) in (1) we get, 

          0)0,(   CBeAexu xpxp
 

                          00   xpxp BeAeC   
            Substituting  C=0 in (1) we get, 

                )2(sin),(   pyDBeAeyxu xpxp
 

Applying condition ( ii ) in (2) we get, 

                0sin),(    pDBeAexu xpxp
 

        solutiontrivialgetweDifD 00    

       nporp  0sin  

                     np   

Substituting  p = n  in (2) we get, 

    )3(sin),(   nyDBeAeyxu xnxn
 

Applying condition ( iii ) in (3) we get, 

    0sin),(   nyDBeAeyu  

As 0,  uy  (condition  (iii) ) 

This is possible only when  ugetweBifA 00   
Substituting  A=0 in (3) we get, 

     nyDBeyxu xn sin),(   

              BDcnyec n
xn

n   ,sin  
The most general solution can be written as   

   
)4(sin),(

1

 



 xn

n
n enycyxu  

Applying condition ( iv ) in (4) we get, 

)5()(sin),0( 0
1






yfTnycyu
n

n  

To find cn expand T0 in a sine series in  ,0  
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





1

0 )6(sin
n

n nybT  

)7()6(&)5(sin  gubc nn  

       


 0

sin)(2 dynyyfbn  

 



 0
0 sin2 dynyT  

 



 0

0 cos2






n
nyT

 

 




 


n
nT 1cos2 0 

  

  







 


n
T n)1(12 0

  

        







oddisnwhenT

evenisnwhen
bn ,

4
,0

0


 

)8(
,

4
,0

)7(
0









oddisnwhenT

evenisnwhen
cn


 

Substituting  (8) in (4) we get, 

nx

n
enyTyxu 






,...5,3,1

0 sin4),(
  

                        

xn

n
eynTyxu )12(

1

0 )12(sin4),( 



 

  

RESULT:
 

xn

n
eynTyxu )12(

1

0 )12(sin4),( 



 

  

16. An infinitely long plane uniform plate is bounded by two parallel edges and an end at 

right angle to them. The breadth of this edge isx 0 , this end is maintained at 

temperature as )( 2yyku   at all points while the other edges are at zero temperature. 

Determine the temperature u(x,y) at any point of the plate in the steady state if u satisfies 

Laplace equation?      [AU / MAY -2010] 

Solution:  
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The two dimensional heat flow equation is  (*)02

2

2

2









y
u

x
u  

From the given problem we have the following boundary conditions 

xallforxui 0)0,()(   

xallforxuii 0),()(   

0,0),()(  uxforyuiii  

  yyykyuiv 0,)(),0()( 2  

The correction solution of (*) which satisfies the first three boundary conditions is 

   )1(sincos),(   pyDpyCBeAeyxu xpxp
 

Applying condition ( i ) in (1) we get, 

                             0)0,(   CBeAexu xpxp
 

                             00   xpxp BeAeC   
  Substituting  C=0 in (1) we get, 

                            )2(sin),(   pyDBeAeyxu xpxp
 

Applying condition ( ii ) in (2) we get, 

                             0sin),(    pDBeAexu xpxp
 

                      solutiontrivialgetweDifD 00    

                    nporp  0sin  
                                   np   

Substituting  p = n  in (2) we get, 

    )3(sin),(   nyDBeAeyxu xnxn
 

 Applying condition ( iii ) in (3) we get, 

    0sin),(   nyDBeAeyu  

As 0,  uy  (condition  (iii) ) 

            This is possible only when  ugetweBifA 00   
Substituting  A=0 in (3) we get, 

   nyDBeyxu xn sin),(   

                         BDcnyec n
xn

n   ,sin  
The most general solution can be written as  
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)4(.............................................sin),(

1

 



 xn

n
n enycyxu  

Applying condition ( iv ) in (4) we get, 

)5()(sin),0( 2

1






yyknycyu
n

n   

To find cn expand )( 2yyk   in a half range  sine series in  ,0  

)6(sin)(
1

2  


n
n nybyyk 

 
From (5) and (6) we get, )7( nn bc  

                        



 0

sin)(2 dynyyfbn

 

                       
 



 0

2 sin)(2 dynyyykbn

 

 




 0

32
2 cos)2(sin)2(cos)(2


















 











 






n
ny

n
nyy

n
nyyykbn

 































































 3232

22 0cos20sin)0(
0

cos2sin)2(cos)(2
nnn

n
n

n
n
nk 

























  33

2cos22
nn

nk 


 

 n

n
k )1(14

3 


 








oddisnwhen

n
k

evenisnwhen
bn ,8

,0

3

 








oddisnwhen

n
k

evenisnwhen
cn ,8

,0

3

 

Substituting this value of Cn in (4) we get, 

xn

n
eny

n
kyxu 






...5,3,1
3 sin8),(
  

           

xn

n
eyn

n
k )12(

1
3 )12(sin

)12(
18 




 



  
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RESULT:
 

xn

n
eyn

n
kyxu )12(

1
3 )12(sin

)12(
18),( 




 



  

17. An infinitely long plate in the form of an area is enclosed between the lines 

 yandy 0     for positive value of x. The temperature is zero along the edges 

 yandy 0 and the edge at infinity. If the edge 0x is kept at the temperature 

 ykyyf 0,)(  find the steady state temperature distribution in the plate?  

Solution:                                                                                       [AU / MAY -2010] 

The two dimensional heat flow equation is (*)02

2

2

2









y
u

x
u  

From the given problem we have the following boundary conditions 
xallforxui 0)0,()(   

xallforxuii 0),()(   

0,0),()(  uxforyuiii  

 ykyyuiv 0,),0()(  

The correction solution of (*) which satisfies the first three boundary conditions is 

   )1(sincos),(   pyDpyCBeAeyxu xpxp
 

Applying condition ( i ) in (1) we get, 

                           0)0,(   CBeAexu xpxp
 

                           00   xpxp BeAeC   
Substituting  C=0 in (1) we get, 

                        )2(sin),(   pyDBeAeyxu xpxp
 

Applying condition ( ii ) in (2) we get, 

    0sin),(    pDBeAexu xpxp
 

solutiontrivialgetweDifD 00    
 nporp  0sin  

np   

Substituting  p = n  in (2) we get, 

                    )3(sin),(   nyDBeAeyxu xnxn
 

Applying condition ( iii ) in (3) we get, 

                     0sin),(   nyDBeAeyu  

                  As 0,  uy  (condition  (iii) ) 
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This is possible only when  ugetweBifA 00   
Substituting  A=0 in (3) we get, 

   nyDBeyxu xn sin),(   

                BDcnyec n
xn

n   ,sin  
The most general solution can be written as  

)4(sin),(
1

 



 xn

n
n enycyxu  

Applying condition ( iv ) in (4) we get, 

)5()(sin),0(
1






yfkynycyu
n

n  

To find cn expand ky  in a half range sine series in  ,0  

)6(sin
1




n
n nybky

 
From (5) and (6) we get, )7( nn bc  

        



 0

sin)(2 dynyyfbn

 

 



 0

sin2 dynyky
 



 0
2

sin)1(cos2











 











 







n
ny

n
nyyk

 

     





















  2

sincos2
n

n
n

nk 


 

    
 


nk cos2



 1)1(2  n
n

kb


 )8()1(2 1  n
n

kc


 

Substituting (8) in (4) we get, 

xn

n

n eny
n
kyxu 





 
1

1 sin)1(2),(
 \ 



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

56
 

xn

n

n eny
n

kyxu 




 
1

1 sin)1(12),(
 

4.  VERTICALLY INFINITE   PLATE
 KEY WORDS (i) An infinitely Plate (ii)A long rectangular plate (ii) short edge 0y  

18. A rectangular plate with insulated surface is 10 cm wide and so long compared to its 

width that it may be considered infinite in length without introducing appreciable error. The 

temperature at short edge y=0 is given by                                







105)10(20

5020
xforx

xforx
u

 

and all the other three edges are kept at C0  . Find the steady state temperature at any point in 

the plane.                                         [AU / MAY -2013] 

Solution: 

The two dimensional heat flow equation is 02

2

2

2









y
u

x
u

.
 

From the given problem we have the following boundary conditions 
yallforyui 0),0()(   

yallforyluii 0),()(   

lxoxuiii  0),()(  















lxlforxll

lxforxl
xuiv

2
,)(2

2
0,2

)0,()(  

The correct solution of (1) which satisfies our boundary conditions is 

  pypy DeCepxBpxAyxu  sincos),( ………………………….(1) 

Applying condition   (i) in (2)  we get 

   0),0(   pypy DeCeAyu  

         00   pypy DeCeA   

Substituting 0A in (2), we get 

  pypy DeCepxByxu  sin),(   …………………………………….(2) 

Applying condition (ii ) in (2) we get, 

                     pypy DeCeplBylu  sin),(  

                                                    yallfordefinedisitBeCe pypy 0   
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                       solutiontrivialgetweThenAalredyBifB 0,00    

                      0sin0sin  npl  

                                 l
np 

  

   
Substituting     

l
np 

  in (2) we get 

                       )3(,.......,....................sin),( 



















l

yn
l
yn

DeCex
l

nByxu


 

Applying condition (iii) in (3), we get 

 ( , ) sin 0nu x B x Ce De
l
       

   

As ))((0, iiiconditionuy   

This is possible when    ugetweDifC 00   

Substituting   )4(0 inC   we get 

                              
n

l
yn

n

l
yn

CBDex
l

nCyxu

Dex
l

nByxu





















,sin),(

.sin),(









 

The most general solution can be written as 

)4(,,.........,....................sin),(
1














n

l
yn

n ex
l

ncyxu
  

Applying Condition (iv) in  (5) we get 




















1

2
,)(2

2
0,2

)0,(sin)0,(
n

n

lxlforxll

lxforxl
xux

l
ncxu   

To find nc  , expand f(x)  in a half-range Fourier sine series in ),0( l  

    
)5(........................................sin)(

1






n

n x
l

nbxf   

From (6) and (7) we get 











11

sinsin
n

n
n

n x
l

nbx
l

nc   

)8...(..............................nn bc   



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

58
 

Now            
l

n xdx
l

nxf
l

b
0

sin)(2 

 
Here 10l  

   

10

0 10
sin)(

10
2 dxxnxfbn



 

 







 
10

5

5

0 10
sin)(

10
sin)(

5
1 dxxnxfdxxnxf 

 









 
10

5

5

0 10
sin)10(20

10
sin20

5
1 dxxnxdxxn 

 

 











































































 
























































 


10

5

22

5

0

22

100

10
sin

)1(

10

10
cos

10

100

10
sin

)1(

10

10
cos

4
















n

xn

n

xn

x
n

xn

n

xn

x













 



 



2

sin100
2

cos.5.100000
2

sin100
2

cos.5.104 2222













n
n

n
n

n
n

n
n  

)7(..............................
2

sin800
22




n
n

  

Substituting (7) in (3), 









1

10
22 10

sin
2

sin800),(
n

yn

exnn
n

yxu


  

RESULT: 








1

10
22 10

sin
2

sin800),(
n

yn

exnn
n

yxu


  

19. A long rectangular plate has its surfaces insulated and the two long sides as well as one of 

the short sides are maintained at C0 . Find an expression for the steady state temperature 

),( yxu  if the short side cmisy 0 long and is kept at Cu 0 .                                                                                                              

    Solution:          [AU / MAY -2009] 

The two dimensional heat flow equation is 02

2

2

2









y
u

x
u

  …………………..(1) 

The boundary conditions are 

(i) ''0),0( yallforyu   

(ii)  ''0),( yallforyu   

(iii)   ywhenueixu 0.,.0),(  
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(iv)   ),0()0,( 0 inxforuxu   

The correct solution of (1) which satisfies our boundary conditions is 

  pypy DeCepxBpxAyxu  sincos),( ………………………….(2) 

Applying condition  (i) in (2)  we get 

   0),0(   pypy DeCeAyu  

         00   pypy DeCeA   

Substituting 0A in (2), we get 

  pypy DeCepxByxu  sin),(   …………………………………….(3) 

Applying condition (ii) in (3) we get 

   0sin),(   pypy DeCepByu   

                        Here  solutiontrivialgetweBB 00    

                      np
nporp


  0sin

 

Substituting  np   in (3) we get 

   )4.......(....................sin),( nyny DeCenxByxu   
Applying condition (iii) in (4), we get 

   0sin),(   DeCenxBxu  
As ))((0, iiiconditionuy   

This is possible when    ugetweDifC 00   

Substituting   )4(0 inC   we get 

                              n
ny

n

ny

CBDnxeC
DenxByxu








,sin
.sin),(

 

The most general solution can be written as 

)5.........(....................sin),(
1






n

ny
n nxecyxu  

Applying Condition (iv) in  (5) we get 

)6.........(....................sin)0,(
1

0





n

n unxcxu  

To find nc  , expand 0u in a half-range Fourier sine series in ),0(   

    
)7......(..............................sin

1
0 






n

n nxbu  
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From (6) and (7) we get 











11

sinsin
n

n
n

n nxbnxc  

)8........(....................nn bc   

Now                


 0
0 sin2 nxdxubn  

    



 0

0 cos2






n
nxu

 

    
 0coscos

2 0  


n
n
u

 

   
  11

2 10  n

n
u


 







 oddnwhen
n
u

evennwhen
bn '',

4
'',0

0


 

oddnwhen
n
u

cn '',
4 0


  

Substituting this value of nc  in (5)  we get 

 

RESULT: 






5,3,1

0 sin
4

),(
n

nynxe
n
u

yxu
  







5,3,1

0 sin
4

),(
n

nynxe
n
u

yxu
  

20. A rectangular plate with insulated surface is 8 cm wide and so long compared to its width 

that it may be considered infinite in the length without introducing an appreciable error. If the 

temperature along one short edge y=0 is given by 
80

8
sin100)0,(  xinxxu 

 

While the two long edges x=0 and x=8 as well as the other short edges are kept at 

C0 , find the steady state temperature function ),( yxu           [AU / MAY -2010] 

Solution: 

The two dimensional heat flow equation is 02

2

2

2









y
u

x
u   …………………..(1) 
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The boundary conditions are 

(i) ''0),0( yallforyu   

(ii)  ''0),( yallforylu   

(iii) ,0),( xu  

(iv) ),0(sin100)0,( linxfor
l
xxu 

  

The correct solution of (1) which satisfies our boundary conditions is 

  pypy DeCepxBpxAyxu  sincos),(   …………………….(2) 

See problem number (12) 

The most general solution can be written as 

)3.........(....................sin),(
1








n

l
yn

n e
l
xncyxu



 
Applying Condition (iv) in  (3) we get 







1

sin100sin)0,(
n

n l
x

l
xncxu 

 

l
x

l
xc

l
xc  sin100..............sinsin 21 

 
Equating like terms on both sides, 

0.....,0,100 54321  ccccc  

Substituting in (3), we get 

l
y

e
l
xyxu

 

 sin100),(
 

RESULT:  

                   
l

y

e
l
xyxu

 

 sin100),(
 

21. An infinitely long plane uniform plate is bounded by two parallel edges x=0 and x=l and 

an end at right angles to them. The breadth of this edge y=0 is l and is maintained at a 

temperature 
)()( 2xlxkxf  . All the other three edges are at C0 . Find the steady state 

temperature at any interior point of the plate.                [AU / MAY -2010, A/M 2016] 

Solution: 

The two dimensional heat flow equation is 02

2

2

2









y
u

x
u   …………………..(1) 
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The boundary conditions are 

(i) ''0),0( yallforyu   

(ii)  ''0),( yallforylu   

(iii) '',0),( yallforxu   

(iv) ),0()()0,( 2 linxforxlxkxu   

The correct solution of (1) which satisfies our boundary conditions is 

  pypy DeCepxBpxAyxu  sincos),(   ………………….(2) 

Using problem number 2 

The most general solution can be written as 

)3.........(....................sin),(
1








n

l
yn

n e
l
xncyxu



 
Applying Condition (iv) in  (3) we get 

)4........(....................)(sin)0,(
1

2





n

n xlxk
l
xncxu 

 
To find nc  , expand )(xf in a half-range Fourier sine series 

)5......(..............................
10

sin)()(
1

2 





n

n
xnbxlxkxf   

From (4) and (5) we get 

)6........(....................nn bc   

 
l

n dx
l
xnxlxk

l
b

0

2 sin)(2 

 

   

     

l

l
n

l
xn

l
n

l
xn

xl

l
n

l
xn

xlx
l
k

0
3

33

2

22
2

cos
2

sin
2

cos2











































































 














 

     

























































3

33

3

33

200
cos2

002

l
n

l
n

l
xn

l
k





 

    



















3

33

3

33

2cos22

l
n

l
n

n
l
k



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  n

n
kl 114

33

2




 








oddisnif

n
kl

evenisnif
bn ,8

,0

33

2


 

 






oddisnif

n
kl

evenisnif
cn ,8

,0

33

2


 

Substituting in (3),
 









5,3,1

33

2

sin8),(
n

l
yn

e
l
xn

n
klyxu


  

               








5,3,1

33

2

sin18
n

l
yn

e
l
xn

n
kl 
  

 RESULT:  

                    








5,3,1

33

2

sin18),(
n

l
yn

e
l
xn

n
klyxu


  

5.TWO DIMENSIONAL HEAT FLOW EQUATION  (SQUARE PLATE) 

22. A square plate is bounded by the lines x=0,y=0,x=20 and y=20. Its faces are insulated, the 

temperature along the edge y=20 is given by  x (20 - x) while the other three edges are kept at 

.0 C Find the steady-state temperature distribution on the plate. [AU / DEC -2016] 

 Solution:  

      The equation to be solved in 02

2

2

2









y
u

x
u

 

The boundary conditions are 

(i) u(0,y)=0 

(ii) u(20,y)=0 

(iii) u(x,0)=0 

(iv) u(x,20)= x(20-x ) 

Suitable solution is 

))(sincos(),( pypy DeCepxBpxAyxu  ----------------------(1) 

Apply (i) in (1) 

                                 0)(),0(   pypy DeCeAyu  

       A=0       0)(   pypy DeCe  



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

64
 

Sub  A=0 in (1) 

                                 )(sin),( pypy DeCepxByxu  ------------------------------(2) 

Apply (ii) in (2) 

                                0)(20sin),20(   pypy DeCepByu  

Sin20p=0    00)(   BandDeCe pypy  

Sin20p = sinnπ 

     20P = nπ 

       
20
np 

 
Now, (2) becomes 

)(
20

sin),( 2020
ynyn

DeCexnByxu
 

 --------------------------------------(3) 

Apply (iii) in (3) 

0)(
20

sin)0,(  DCxnBxu   

                                    0)(  DC             



  00

20
sin Bandxn  

        CD   
Now, (3) becomes 

)(
20

sin),( 2020
y

n
y

n

eCCexnByxu
 

  

20
sinh2

20
sin),(

ynxnBCyxu



                  

nABC   

20
sinh2

20
sin),( ynxnAyxu n


   

The most general form is 

20
sinh

20
sin),(

1

ynxnAyxu
n

n






 ………………………….(4) 

Apply condition (iv) in (4)we get 

)5...(..........).........20(sinh
20

sin)20,(
1

xxnxnAxu
n

n 




  

To find nB  expand  xf in a Fourier half range sine series
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   6
20

sin20
1

 




xnbxx n
n


 

From (5) and (6) we get   

                       
nn BhnA sin
                               

  dx
l
xnxf

l
b

l

n
sin2

0  

             hn
BA n

n sin
  

          
  dxxnxxBn 






  20

sin20
20
2 20

0



                                              

                
     

20

0

32
2

20

20
cos

2

20

20
sin

220

20

20
cos

20
10
1



























































































































n

xn

n

xn

x
n

xn

xx  

             
   

20

0

32
2

20
cos202

20
sin20220

20
cos2020

10
1











































xn
n

xn
n

xxn
n

xx 








 

             

20

0

33 20200cos20200
10
1
















































 n
n

n
 

            

 


































33 2021202
10
1

 nn
n  

             
    n

n
11108

10
1

3.3

3




 

             
  n

n
111600

3.3 


 

              






evenisnif

oddisnif
n

0

3200
33  

.
sin

3200
sin 3.3 oddisnif

nhnhn
B

A n
n 

  

           .0 evenisnif  

Substitute the value of nA in equation (5) we get 

 
 

20
sin

20
sin

sin
3200, 3.3

ynhxn
nhn

yxu
oddn








  
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      20
sin

20
sin

sin
13200

.33

ynhxn
nhnoddn


 






 

              
 

20
sin

20
sin

sin
13200, .33

ynhxn
nhn

yxu
oddn


 






  

RESULT:  

                        
 

20
sin

20
sin

sin
13200, .33

ynhxn
nhn

yxu
oddn


 






 

23. A Square plate is bounded by the lines x= 0 , x=a, y = 0 and y = b. Its surfaces are 

insulated and the temperature along y=b is kept at 1000 C. while the temperature along other 

three edges are at 00C. Find the steady-state temperature at any point in the plate.                         

 
Solution:                                                                                

 [AU NOV-2014] 

The equation to be solved in 02

2

2

2









y
u

x
u  

 

The boundary conditions are 

(i) u(0,y)=0 

(ii) u(a,y)=0 

(iii) u(x,0)=0 

(iv)u(x,b)= 100 

Suitable solution is 

))(sincos(),( pypy DeCepxBpxAyxu  ----------------------(1) 
Apply (i) in (1) 

                               0)(),0(   pypy DeCeAyu  

                                     A=0              0)(   pypy DeCe  
   Sub A=0 in (1) 

                                  )(sin),( pypy DeCepxByxu  ------------------------------(2) 
Apply (ii) in (2) 

 0)(sin),(   pypy DeCepaByau  

   Sinpa=0    00)(   BandDeCe pypy  
                                 Sinpa = sinnπ 

       Pa = nπ 

  a
np 

  

Now, (2) becomes 
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)(sin),(

y
a

n
y

a
n

DeCex
a

nByxu
 

 ---------------------------------(3) 

Apply (iii) in (3) 

                                  
  

0)(sin)0,(
00



a

n
a

n

DeCex
a

nBxu


 

           
10)(sin 0  eDCx

a
nB   

            0)(  DC             



  00sin Bandx

a
n  

      CD   
Now, (3) becomes 

 
)(sin),(

y
a

n
y

a
n

CeCex
a

nByxu
 


 

)sinh2(sin),( y
a

nCx
a

nByxu 
  

y
a

nx
a

nBCyxu  sinhsin2),(  ……………………….(4) 

The most general form is 

y
a

nx
a

nAyxu
n

n
 sinhsin),(

1





 ………………………….(5) 

Apply condition(iv),we get 

100sinhsin),(
1






b
a

nx
a

nAbxu
n

n


 
Using half range Fourier   sine series , 

 

100sin
1






x
a

nB
n

n


…………………………………………(6) 

From (5) and (6) we get 

b
a

nAB nn
sinh  

Using half range sine series ,  

dx
a

xn
a

B
a

n
sin1002

0


 



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

68
 

a

n

a
n

a
xnCos

a
B

0

200

















 






 



































 





a
n

a
nCos

a
n

a
anCos

a
Bn 





 0
200

 










































a
n

a
na

B
h

n 
1)1(200  












evennif

oddnif
nBn

0

400
  















evennif

oddnif

a
bnnAn

0

sinh

400




 
From eqn(5) becomes 

y
a

nx
a

n

a
bnn

yxu
oddn





sinhsin

sinh

400),( 






 

RESULT:

 

y
a

nx
a

n

a
bnn

yxu
oddn




sinhsin
sinh

400),( 




  

6. STEADY STATE CONDITIONS AND NON-ZERO BOUNDARY 

24. The ends of A and B of a rod 10cm long have their temperature kept at 50˚ C and 100˚ C 

respectively until the steady state conditions prevail. The temperature of the end B is then 

suddenly reduced to 60˚ C and kept so while the end A is raised to 90˚ C .Find the 

temperature distribution function in the rod after time t.                      [AU N/D 2008, 2015] 

Solution: 

The temperature function u(x,t) is the solution of the one dimensional heat equation 

2

2
2

x
u

t
u








  
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When the steady state condition prevails  



t
u 0               hence 02

2




x
u  

The steady state solution               u(x)=ax+b 

                                               Steady state (i) 

When x=0 , u(0)= b=> b=50 

When x=10 , u(10)=10a+b=>100=10a+50=> a=5 

Thus, u(x,0)=f(x)=5x+50 

              Steady state(ii) 

  u(x)=ax+b 

When x=0 , u(0)= b=> b=90 

When x=10 , u(10)=10a+90=>60=10a+90=> a=--3 

Thus, u(x,0)=f(x)= 903  x  

u(x,t)= 3 x+90+u(x,t) 

 Boundary and initials conditions are 

(i) u(0,t)=90         for all t≥0 

(ii) u(10,t)=60       for all t≥0 

(iii)u(x,0)=f(x)=5x+50  for all x 

Now the suitable solution is 

                              u(x,t)= 3 x+90 +(A cospx+B sinpx) tpe
22    ------------------------------(1) 

Apply condition (i) in (1) 

                              u(0,t)=90+ A tpe
22    =90 

                                     A=0  [ tpe
22 ≠0] 

Now (1) implies            u(x,t)= x3 +90+ B sinpx tpe
22    ………………………….(2) 

Apply condition (ii) in (2) 

                            60= 50+90 +B sin(10p) tpe
22  

        =Bsin(10p) 
tpe

22
 =0                  [

tpe
22

≠0 and B≠0] 

                               Sin10p =Sin nπ 

     10
np   
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u(x,t)= -3x+90 +B sin 
10

xn  
t

n

e
2

2

10











    

The most general solution is 

u(x,t)= x3 +90+












1

10
n      

10
xnsinB

2
2

n

tn

e



---------------------------------------(3) 

Apply condition (iii) in (3) 

3 x+90+





1

n      505x)(
10

xnsinB
n

xf

 







1

n      40-8x90-3x505x
10

xnsinB
n



 
Which is half range sine series in the interval (0,10) 

To find nB : The half range Fourier  sine series      
l

n dx
l
xnxf

l
b

0

sin)(2 
   

dxxnxbB nn  
10

0 10
sin)408(

10
2 

                

   

10

0

2

10

10
sin

8

10

10
cos

)408(
10
2














































































n

xn

n

xn

xbB nn

 

     



































































































































































 22

10

0sin8

10

0cos)40

10

sin8

10

cos40
10
2







nnn
n

n
n

 

   

   































































































10

1
)40

10

1
40

10
2

 nn

n

          

  1180



 n

n
   

 






 evenisnif
n

oddisnif
bn


160

0
 

Now equation (3)  become 
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u(x,t)= x3 +90+ 












,...4,2

10      
10

xnsin
n
160-

2
2

n

tn

e





 

RESULT:
 
















,...4,2

    
100

 
10

xnsin
n
1160903),(

222

n

tn

extxu



 

25. A bar 10cm long with insulated sides, has its ends  A and B kept at 20˚ C and 40˚ C 

respectively until the steady state conditions prevail. The temperature of the end  

A  is then suddenly reduced to 50˚ C and and at the same instant that at B is lowered to 10˚ C 

.Find the subsequent temperature at any point of the bar at any time.       [AU A/M 2018] 

Solution: 

The temperature function u(x,t) is the solution of the one dimensional heat equation 
2

2
2 (1)u u

t x
 

     
 

 

When the steady state condition prevails  



t
u 0        hence 02

2




x
u  

The steady state solution               u(x)=ax+b  ----------(2) 

(a)  u(0)= 20 

(b)  u(l)=40 

Applying condition (a)  in (2)    u(0)=b=20   

(2) Becomes  u(x)=ax+20    --------(3) 

Applying condition (b)  in (3) 

u(l)=al+20=40   

20 (4)a
l

       

Applying (4)  in (3) 

20( ) 20 (5)u x x
l

        

Hence steady state is 20( ) 20u x x
l

 
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Now the temperature at A is raised at 50oC and the temperature at B is lowered to 10oC. that 

is the steady state is changed to unsteady state. For this unsteady state the initial temperature 

distribution is given by 
20( ,0) 20u x x
l

   

Boundary conditions are 

(a) u(0,t)=50         for all t≥0 

(b) u(l,t)=10       for all t≥0 

(c) u(x,0)=20/l  x+20  for all x 

Now the suitable solution is 

                                  u(x,t)= (A cospx+B sinpx) tpe
22    ------------------------------(6) 

Apply condition (a)and (b) in (6) 

     u(0,t)= A tpe
22    =50------(7), u(l,t)= (A cospl+B sinpl) tpe

22  =10  -----------------------(8) 

from (7) and (8) it is not possible to find the values of A and B. since we have infinite number 

of values for A and b. therefore we split the solution u(x,t) in two parts  

     ( , ) ( ) ( , ) (9)s tu x t u x u x t    

            Where ( )su x  is a solution of the equation 
2

2
2

u u
t x


 


 

 and is a function of x alone 

and satisfying the conditions (0) 50su   and ( ) 10su l  and ( , )tu x t is a transient solution 

satisfying (9) which decreases as t increases.  

To find ( )su x  

We have 1 1( ) (10)su x a x b        

Applying the conditions (0) 50 (10)su in we get  

1(0) 50su b   

1( ) 50 (11)su x a x       

Applying the conditions ( ) 10 (11)su l in we get  

1( ) 50 10su l a l     

1 1
4010 50 40 (12)a l a
l


            

Substituting (12) in (11) we get, 
40( ) 50 (13)su x x
l


        

To find ( , )tu x t  
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We assume that ( , )tu x t is a transient solution of 
2

2
2

u u
t x

 


 
and satisfying the equation  

( , ) ( ) ( , )s tu x t u x u x t   

( , ) ( ) ( , ) (14)s tu x t u x u x t    

Now we have to find the boundary conditions for ( , )tu x t  

Put 0 (14)x in we get,  

(0, ) (0) (0, ) (0, ) 50 50 0 (15)s t tu t u u t u t        

Put 0 (14)t in we get,  

( ,0) ( ,0) ( )t su x u x u x   

20 40 6020 50 30 (16)x x x
l l l

            
 

 

Now for the function ( , )tu x t  we have the following boundary conditions,  

(i) (0, ) 0tu t   

(ii) ( , ) 0tu l t   

(iii) 60( ,0) 30tu x x
l

   

 Solving the equation for (1) for ( , )tu x t  by the method of separation of variables we 

get the solution of the form  

        
2 2

( , ) ( cos sin ) (17)p t
tu x t A px B px e        

Substituting the condition (i) and (ii) in (17) we get,the most general solution of the form, 

              
2 2 2

2

n
1

n x( , ) B sin  .............(18)    
n t
l

t
n

u x t e
l

  




 

Apply the condition (c) in (18) we get  

               n
1

n x 60x( ,0) B sin = -30    ..........(19)    t
n

u x
l l





 

60xexp -30 nfind B and
l

in a  half range fourier sine  series  

                
1

60x -30= sin ..........(20)n
n

n xB
l l




  

 From (19) and (20) we get  

                      n nB b  
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 To find nB : The half range Fourier  sine series 
l

n dx
l
xnxf

l
b

0

sin)(2 

 

                                                                                      0

2 60 30 sin
l x n x dx

l l l
    

 

                                                                                      
 2

0

60 20 sin
l n xx l dx

l l


 
 

                                                                                          

                      22

0

60 (2 ) cos 2 sin

l

n n

n x n x
l lB b x l nl n
l l

 

 

                            

                              

   2 2 2

2

0

60 (2 ) cos 2 sin

l

n x n x
l lx l nl n
l l

 

 

  
   
                      

                          

    2 2 2 22

2 2

60 cos sin cos0 sin 0(2 ) 2 (0 ) 2n nl l ln nn nl
l ll l

 
  

          
                            
                         

 

                           

2 2

2

60 cosl ln
l n n


 

 
  

 
 

                                
60 1 ( 1)n

n
       

                            

0,
.................(20)120n

if n is odd
b

if n is even
n


 
  

           Sub (20) in (18).we get  

                   

2 2 2

2

2,4,...

120 n x( , ) sin      
n t
l

t
n

u x t e
n l

 


 




 

 

           
10.replace l by we get

 
                     

2 2 2

100

2,4,...

120 n x( , ) sin      
10

n t

t
n

u x t e
n

 


 




 
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( , ) ( ) ( , ).s tu x t u x u x t 

 

                     

2 2 2

100

2,4,...

120 n x( , ) 4 50 sin    .  
10

n t

n

u x t x e
n

 


 




    

 

                              
 

                               

               7.   STEADY STATE CONDITIONS AND ZERO   BOUNDARY 

26. A rod of length lcm long has its ends A and B kept at 0˚C and 100˚ C respectively until 

the steady state conditions prevail. If the  temperature at B  is suddenly reduced to 0˚C and 

maintained at 0˚C . Find the temperature distribution u(x,t) at a distance x from A at any time 

t.                                                                                                        [AU N/D 2017] 

Solution: 

The temperature function u(x,t) is the solution of the one dimensional heat equation 
2

2
2 (1)u u

t x
 

     
 

 

When the steady state condition prevails  



t
u 0 hence 

2

2 0 (2)u
x


    


 

Hence ,  boundary conditions are ( ) (0) 0, ( ) ( ) 100i u ii u l 
 

The solution of (2) is u(x)=ax+b ---------(3) 

Now applying condition (i) in (3),  

                          (0) 0u b 
  

                             0 b  

                  ( ) (4)u x ax      

Now applying condition (ii) in (4),  

                ( ) 100u l al   

                        
100 (5)a

l
      

Substituting (5) in (4), 
100( )u x x

l
  

Therefore in the steady state the temperature function is given by 
100( )u x x

l
 . Now the end B is 

reduced to zero. At this stage the steady state is changed into unsteady state. For this unsteady state the 

initial temperature distribution is 
100( )u x x

l
 . 
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The heat flow equation is 
2

2
2

u u
t x

 


 
 

The new boundary  conditions are 

(a) u(0,t)=0 for all t≥0 

(b) u(l,t)=0 for all t≥0 

(c) u(x,0)=
 
100x

l
 

Now the suitable solution is 
2 2 2

2

1

( , ) sin (6)
n t
l

n
n

n xu x t B e
l

  



      

Apply condition (c) in (6) 

1

100( ,0) sin (7)n
n

n x xu x B
l l




    

     To find nB : The half range Fourier  sine series  

n
1

n x 100sin  (8)
n

xb
l l




            

From (7) and (8) 

                       
n nB b  


l

n dx
l
xnxf

l
b

0

sin)(2   

  
0

2 100 sin
l

n n
x n xB b dx

l l l


  
 

                
    22

0

200 cos 1 sin

l

n n

n x n x
l lB b x nl n
l l

 

 

                         
 

                                  
 2

2

cos200 l n
l n





 
 
    

                    
  1200 1 (9)n

n
      

   

Now equation (6)   become 
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  2 2 21

2
1

1200 n x  ( , ) sin     
n n t

n

u x t e
n l l

 


 



       
   


 

 

RESULT:
   

  2 2 21

2
1

1200 n x  ( , ) sin     
n n t

n

u x t e
n l l

 


 



       
   

  

                         8. FINITE PLATES 

27. Find the steady state temp. distribution in a rectangular plate of sides a and b insulated at  

the  lateral surface and satisfying the boundary conditions u(0,y)= u(a,y)=0 for 0≤y≤b  

u(x,b)= 0 and  u(x,0)=x(a-x ) for 0≤x≤a                                                    [AU N/D 2012] 

Solution: 

The equation to be solved in 02

2

2

2









y
u

x
u  

The boundary conditions are 

                                             (i)u(0,y)=0 

                                             (ii )u(a,y)=0 

                                            (iii)(x,b)=0 

                                            (iv)u(x,0)= x(a-x ) 

Suitable solution is 

                               ))(sincos(),( pypy DeCepxBpxAyxu  ----------------------(1) 

Apply (i) in (1) 

                                 0)(),0(   pypy DeCeAyu  

     A=0              0)(   pypy DeCe  

Sub., A=0 in (1) 

                               )(sin),( pypy DeCepxByxu  ------------------------------(2) 

Apply (ii) in (2) 

0)(sin),(   pypy DeCepaByau  

 Sinpa=0    00)(   BandDeCe pypy  

Sinpa = sinnπ 

    Pa = nπ 

     
a

np 

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Now, (2) becomes 

)(sin),(
y

a
n

y
a

n

DeCex
a

nByxu
 

 --------------------------------------(3) 

Apply (iii) in (3) 

                          
0)(sin),( 


a

bn
a

bn

DeCex
a

nBbxu
  

                                           0)( 
 b

a
nb

a
n

DeCe


            



  00sin Bandx

a
n                  

                               
b

a
n

b
a

n

CeDe





 

                             
b

a
n

CeD
2

  
Now, (3) becomes 

                          
)(sin),(

2
y

a
n

b
a
n

y
a

n

eCeCex
a

nByxu
 

  

                

































 








b
a
n

y
a

nb
a

nb
a
ny

a
n

b
a
n

y
a

nb
a

n

y
a

n

e

eeeex
a

nBC
e

eeex
a

nBCyxu 






  sinsin),(  

   
















 yb
a
nyb

a
nb

a
n

eex
a

nBCeyxu
 sin),(  

 yb
a

nx
a

nBCeyxu
b

a
n




sinhsin2),( ……………………….(4) 

The most general form is 

 
a

nybx
a

nAyxu
n

n







sinhsin),(
1

………………………….(5) 

Apply condition(iv),we get 

)(sinhsin)0,(
1

xax
a

nbx
a

nAxu
n

n 






…………………..(6)
 

Using half range sine series , 

        a
nbABwherexaxx

a
nBxu nn

n
n

 sinh),(sin)0,(
1




 …………………..(7) 

             From equation (6) and(7) 

                                                   
a

nbAB nn
sinh  
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Using half range sine series , 

To find nB : The half range Fourier  sine series      
l

n dx
l
xnxf

l
b

0

sin)(2   

  dx
a

xnxaxbB nn  
30

0

2 sin)(
30
2 

                

   

a

nn

a
n

a
xn

a
n

a
xn

xa

a
n
a

xn

xaxbB

0

32
2 cos)2(sin2cos)(

30
2
















































































































 

 



























33

2)1(22
 n
a

n
a

a
B n

n  

From equation (5) 












evennif

oddnif
n

a
An

0
33

8 2



 
 
a

ybnx
a

n

a
nn

ayxu
oddn


 








sinhsin
sin

8),(
33

2

 
 

RESULT:   

 

 
a

ybnx
a

n

a
nn

ayxu
oddn


 








sinhsin
sin

8),(
33

2

 

9. ONE DIMENSIONAL HEAT FLOW 

28. Solve 2



t
u

2

2

x
u


  subject to the conditions     [A.U. NOV 2013, MAY -2015] 

          (i) 00),0(  tallfortu  

          (ii)  00),(  tallfortlu  

        (iii)  








lxlxl

lxx
xu

2/,
2/0,

)0,(  

Solution:         The temperature function u(x, t) satisfies the one dimensional heat 

equation is 2



t
u

2

2

x
u


  
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Hence , boundary and initials conditions are 

          (i) 00),0(  tallfortu  

          (ii)  00),(  tallfortlu  

        (iii)  








lxlxl

lxx
xu

2/,
2/0,

)0,(  

Now the suitable solution is 

                    u(x, t)= (A cospx +B sinpx) tpe
22    ------------------------------(1) 

Apply condition (i) in (1) 

u(0,t)= A tpe
22    =0 

A=0  [ tpe
22 ≠0] 

  Now (1) implies       u(x, t)= B sinpx tpe
22    --------------------------------------(2) 

Apply condition (ii) in (2) 

                                    u(l, t)= B sin l p tpe
22    =0 

sinpl =0  [ tpe
22 ≠0 and B≠0] 

sinpl =Sin nπ 

    l
np 


 

Now (2) implies     u(x,t)= B sin
l
xn t

l
n

e
2

2 










    

The most general solution is 

u(x, t)= 












1
n      

l
xnsinB

2
2

n

t
l

n

e



------------------------------------------(3) 

Apply condition (iii) in (3) 

u(x,0)= )(    
2/,

2/0,
l
xnsinB

1
n xf

lxlxl
lxx

n
















……………..(4)
 

Which is half range sine series in the interval (0,l) 

                     )5(................................................................................sin)(
1 l

xnbxf
n

n






   

 From (4) and (5) ,we get 

Bn=bn



MA8353- Transforms   and Partial differential Equations      Unit-III-Applications of Partial   Differential   Equations 

 

Department of Mathematics Mailam   Engineering   College                                                     
 

Pa
ge

81
 

 

     






























































































































































































































 



l

l

l

l l

l

l

n

l
n

l
xn

l
n

l
xn

xl
l

l
n

l
xn

l
n

l
xn

x
l

dx
l
xnxldx

l
xnx

l

dx
l
xnxf

l
B

2

2

2

0

2

2

0 2

0

sin
1

cos2sin
1

cos2

sinsin2

sin)(2





















2
sin4

22




n
n

lBn 
  

  2
222

sin
2

sin14,
1

22
l
tn

n
e

l
xnn

n
ltxu









 

RESULT:
                     

                    
  2

222

sin
2

sin14,
1

22
l
tn

n
e

l
xnn

n
ltxu








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Anna University Important Questions 

PART-B 

1. ZERO INITIAL VELOCITY   (METHOD-1) 

1.  Tightly stretched flexible string has its ends fixed at 0x  and lx  apart. Motion is     

     Started by displacing the string in to the from  )( 2xlxky   from which it is released at   

     time t=0. Find the displacement of any   point of the string at a distance of  x   from one    

     end at time t.   Page No.11                    [AU - MAY-2015, N/D 17, A/M 18] 

2. A Tightly stretched flexible string has its ends fixed at 0x  and lx  . At the time t=0 , 

the string is given by a shape defined by ),()( 2 xlkxxf  where k is constant , and then 

released from  rest . Find the displacement of   any point ‘x’ of the string at any time  t>0.               

                                       Page No.13                                             [AU / MAY -2010,2008] 

3. A Tightly stretched string with fixed end point 0x  and lx   is initially in a position   

given by .sin)0,( 3
0 l

xyxy 
 If it is released from rest from this position .Pg. No.15 

  Find the displacement y at any distance x from one end at any time t.    [AU / DEC -2012] 

4.  A string of length 2l is fastend at both ends.  The mid point of the string is taken to a 

height b and then released from rest in that position.  Show that the displacement is 

   
 

   












 







 





1

2

1

2 2
12cos

2
12sin

22
18,

n

n

l
atn

l
xn

n
btxy 

 ,
 Page No:18[[A.U A/M 2017]

 

5. A taut   string of  length L has  its ends 0x  and lx   fixed . The point where 3
lx   is 

drawn aside a small distance h , the displacement ),( txy  satisfies 2

2
2

2

2

x
ya

t
y








. Determine 
),( txy  at any time t. Page No:21                        [AU / MAY -2010] 

 
6. A String is  stretched and fastened to   points at a distance  l  apart the motion is started by  

displace the string in form  lx
l
xay  0,.sin   from which it  is  released at a time t = 0  

find the displacement  at any time  t. Page No:25                                 [AU / MAY -2014] 

2. NON ZERO VELOCITY   (METHOD-2) 

7. A tightly stretched string with fixed end points x = 0 and x = 1 is initially at rest in its 

equilibrium Position.  It is set vibrating string giving each point a velocity  xx 1   

                                                     Page No:27                                              [AU / MAY -2013] 
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8. A string is stretched between two fixed points at a distance 2l apart and the points of the   

       string are given initial velocities v where 
 














lxin
l

xlc

lxin
l

cx

v
20)2(

0
 

   x being the distance from one end point. Find the displacement of the string at any 

   time.  Page No:30                        [AU / DEC -2010] 

9. A string of length l is initially at rest in its equilibrium position and motion is started by     

     giving each of its points a velocity given by 
 














lxlifxlc

lxifcx
v

2

2
0

 

    Find the displacement function y (x,t). Page No:33                 [AU M/J 2007, N/D 2010] 

 10. If a string of length l is initially at rest in its equilibrium position and each of its points is 

given the velocity lx
l
xv

t
y

t













0,sin 3
0

0

 , determine the transverse displacement (or) 

displacement of a point distant x from one end at time‘t’. Page No:36                      

                                                                                             [AU N/D 2008/NOV-2013,2014] 

11. A Tightly stretched flexible string has its ends fixed at 0x  and lx  . At the time t=0 , 

the string is given by a shape defined by 















lxlif
l
kxk

lxif
l
kx

xy

2
22

2
02

)0,( where k is constant 

, and then released from  rest . Find the displacement of   any point ‘x’ of the string at any   
time   t>0.      Page No:38                                                                         [AU / NOV -2015] 
 
12. If a string of length l is initially at rest in its equilibrium position and each of its points is 

given the velocity lx
l
x

l
xv

t
y

t




























0,,cos3sin0
0

 , determine the transverse 

displacement (or) displacement of a point distant x from one end at time‘t’.                       

                                                             Page No:41                     [AU N/D 2016                

3.  HORIZONTALLY   INFINITE PLATE 

 

13. An infinitely long rectangular plate with insulated surface is 10cm wide. The two long 

edges and  one short edge are kept at zero temperature, while the other short edge 0x  is 
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kept at temperature given by 








105,)10(20
50,20

yfory
yfory

u find the steady state  

temperature distribution in the plate. Page No:  44                             [AU / MAY -2014] 

14. An infinitely long rectangular plate with insulated surface is 20cm wide. The two long 

edges and  one short edge are kept at zero temperature, while the other short edge 0x  is 

kept at temperature given by 
10 , 0 10
10(20 ) , 10 20

y for y
u

y for y
 

    
find the steady state  

temperature distribution in the plate           Page No:46                 [AU  A/ M -2017] 

15. An infinitely long metal plate in the form of an area is enclosed between the lines 

 yandy 0 for 0x . The temperature is zero along the edges  yandy 0 and at 

infinity. If the edges  0x is kept at a constant temperature CT 0
0 ,find the steady state 

temperature at any point of the   plate?. Page No: 49                              [AU / DEC -2009] 

16. An infinitely long plane uniform plate is bounded by two parallel edges and an end at 

right angle to them. The breadth of this edge isx 0 , this end is maintained at 

temperature as )( 2yyku   at all points while the other edges are at zero temperature. 

Determine the temperature u(x,y) at any point of the plate in the steady state if u satisfies 

Laplace equation? . Page No:   51                                                           [AU / MAY -2010] 

17. An infinitely long plate in the form of an area is enclosed between the lines 

 yandy 0     for positive value of x. The temperature is zero along the edges 

 yandy 0 and the edge at infinity. If the edge 0x is kept at the temperature 

 ykyyf 0,)(  find the steady state temperature distribution in the plate?  

 Page No:54                                                      [AU / MAY -2010] 

4.  VERTICALLY INFINITE   PLATE
 

18. A rectangular plate with insulated surface is 10 cm wide and so long compared to its 

width that it may be considered infinite in length without introducing appreciable error. The 

temperature at short edge y=0 is given by                               







105)10(20

5020
xforx

xforx
u

 

and all the other three edges are kept at C0  . Find the steady state temperature at any point in 

the plane. Page No: 56                         [AU / MAY -2013] 

19. A long rectangular plate has its surfaces insulated and the two long sides as well as one of 

the short sides are maintained at C0 . Find an expression for the steady state temperature 
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),( yxu  if the short side cmisy 0 long and is kept at Cu 0 . Pg. No58 [AU / MAY -2009]                                                                                                                     

20. A rectangular plate with insulated surface is 8 cm wide and so long compared to its width 

that it may be considered infinite in the length without introducing an appreciable error. If the 

temperature along one short edge y=0 is given by 
80

8
sin100)0,(  xinxxu 

 

While the two long edges x=0 and x=8 as well as the other short edges are kept at 

C0 , find the steady state temperature function ),( yxu .[AU / MAY -2010] pg. no60
 

21. An infinitely long plane uniform plate is bounded by two parallel edges x=0 and x=l and 

an end at right angles to them. The breadth of this edge y=0 is l and is maintained at a 

temperature  
)()( 2xlxkxf  . All the other three edges are at C0 . Find the steady state 

temperature at any interior point of the plate.  Page No: 61            [AU / MAY -2010] 

 

5.TWO DIMENSIONAL HEAT FLOW EQUATION  (SQUARE PLATE) 

 

22. A square plate is bounded by the lines x=0,y=0,x=20 and y=20. Its faces are insulated, the 

temperature along the edge y=20 is given by  x (20 - x) while the other three edges are kept at 

.0 C Find the steady-state temperature distribution on the plate. Pg no:64 [AU / DEC,2011]
 

23. A Square plate is bounded by the lines x= 0 , x=a, y = 0 and y = b. Its surfaces are 

insulated and the temperature along y=b is kept at 1000 C. while the temperature along other 

three edges are at 00C. Find the steady-state temperature at any point in the plate.                         

                                                    
Page No:63

                                               [AU NOV-2014] 

 

6. STEADY STATE CONDITIONS AND NON-ZERO BOUNDARY 

 

24. The ends of A and B of a rod 10cm long have their temperature kept at 50˚ C and 100˚ C 

respectively until the steady state conditions prevail. The temperature of the end B is then 

suddenly reduced to 60˚ C and kept so while the end A is raised to 90˚ C .Find the 

temperature distribution function in the rod after time t. Pg. No.68.      [AU N/D 2008, 2015)] 

25. A bar 10cm long with insulated sides, has its ends  A and B kept at 20˚ C and 40˚ C 

respectively until the steady state conditions prevail. The temperature of the end A  is then 
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suddenly reduced to 50˚ C and and at the same instant that at B is lowered to 10˚ C .Find the 

subsequent temperature at any point of the bar at any time.Pg. No; 71      [AU A/M 2018] 

 

7.   STEADY STATE CONDITIONS AND ZERO   BOUNDARY 

 

26. A rod of length lcm long has its ends A and B kept at 0˚C and 100˚ C respectively until 

the steady state conditions prevail. If the  temperature at B  is suddenly reduced to 0˚C and 

maintained at 0˚C . Find the temperature distribution u(x,t) at a distance x from A at any time 

t.                                                                                          Pg. No; 75            [AU N/D 2017] 

 

                8. FINITE PLATES 

27. Find the steady state temp. distribution in a rectangular plate of sides a and b insulated at  

the  lateral surface and satisfying the boundary conditions u(0,y)= u(a,y)=0 for 0≤y≤b  

u(x,b)= 0 and  u(x,0)=x(a-x ) for 0≤x≤a    .Pg. No:77                                        [AU N/D 2012] 

9. ONE DIMENSIONAL HEAT FLOW 

28. Solve 2



t
u

2

2

x
u


  subject to the conditions                 [A.U. NOV 2013, MAY -2015] 

          (i) 00),0(  tallfortu  

          (ii)  00),(  tallfortlu  

        (iii)  








lxlxl

lxx
xu

2/,
2/0,

)0,(    Page No:79
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Anna University possible  Questions 

PART-A 

APPLICATIONS OF PARTIAL DIFFERENTIAL EQUATIONS 

1. What are the possible solutions of one-dimensional wave equations?  

                                                                         [AU –M/J 2006, Nov/Dec 2009/MAY-2014]. 

2. In the wave equation 2

2
2

2

2

x
yc

t
y






  what does 2c ?         [AU Nov/Dec 2011, June 2013] 

3. What is the basic difference between the solution of one   dimensional wave equation   and 

one dimensional heat equation?                                     [AU-May/June2012, N/D 17] 

4. Classify the Partial differential equation  

  023)1(21 222  zyzxxzzyxyzzx yxyyxyxx
 

                                                  [AU – Nov-2014, May  - 2015] 

5. A rod 30 cm long has its ends A and B kept at  and  respectively until steady state 

conditions prevail. Find the steady state   temperature in the rod.   

               [AU-May 2009, Apr 2008, May-2015] 

6. State the laws assumed to derive the one dimensional heat equation. (OR) State the 

assumption  in deriving  the one dimensions heat flow equation (Unsteady State).                 

                                                                                                                 [ AU- MAY /2014] 

7. Given 3 possible solutions of the equation 
2

2
2

x
ya

t
y






 ( Or) Write down the various   

possible solutions of one dimensional heat  flow equation.    [AU Nov – 2014, A/M2018] 

 8.Explain the term “steady state”.                                          [A.U.NOV 2013] 

. 9. Write down the partial differential equation that represents steady state heat flow in   

         two dimensional and name the variables involved.              [AU-May/June 2012] 
10. write down the p.d.e equation that represents steady state heat flow two dimensional and 

name the variables involved.                                                                        [A.U.M/J 2012] 
 
11.A rod 40 cm long with insulated sides with insulated sides has its ends A and B kep at 

c20  and c60  .Find the steady state temperature at a location 15 cm from A.  

                                                                                                                        [A.U.  A/M 2011] 

12. write down the three possible solutions of Laplace equations in two-dimensions.               

                                                                                                            [A.U.  N/D 2010, N/D 17] 
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 13. Write down the boundary conditions for the following boundary value problem “If a    

string of   length ''l  initially at rest in its equilibrium position and each of its point is   given 

the velocity  lxin
l
xv

t
y

t
















 0sin0 3

0


 

   Determine the displacement function  txy , ?                                   [A.U.  A/M 2010] 

14. Classify the Partial differential equation    X X X YU U U X Y  [A.U. A/M 2018] 

15.  Classify the Partial differential equation                                           
[AU – Nov-2008] 

 0643  UUUUUU yxyyxyxx
 

16.  Classify the Partial differential equation.                           
[AU – A/M2008]

               

            03243  yxxyxx UUUU
 

17. A rod 50 cm long has its ends A and B kept at 20 and 70 degree respectively until steady 

state conditions prevail. Find the steady state   temperature in the rod.    [AU-,N/D 2008]   

18. A rod 10 cm long has its ends A and B kept at 20 and 70 degree respectively until steady 

state conditions prevail. Find the steady state   temperature in the rod.    [AU-,M/J 2008]   

19. In steady state conditions derive the solution of one dimensional heat flow equation                                                

20. State one dimensional heat equation with the initial and final   boundary conditions. 
                                                                                                                      [AU-N/D 2006] 

The following boundary &initial conditions 

21. Write the boundary conditions and initial conditions for solving the vibration of string 

equation, if the string is subject to initial displacement f(x) and initial velocity g(x). 

                                                                                                             [AU-N/D 2006, 2007] 

22.  Classify the Partial differential equation  

23. An insulated rod of length l=60 cm has its ends at A and B maintained at  and   
        respectively. Find the steady state solution                                       .

 [AU – Nov-2012] 

24. A rectangular plate is bounded by the linear line x=0,y=0,x=l and y=l .Its surface is 
insulated. The edge coinciding with x-axis is kept at c100 .The edge coinciding with y-axis is 
kept at c50  .The other two   edges are kept  at c0 . Write down the boundary conditions that 
are  needed for solving two dimensional heat flow equation.           [AU Nov/Dec 2012,2011] 

 
25. Write down the two dimensional heat  equation both in transient and Steady state. 
                                                                                                                   [AU May/Jun 2012] 
26. Explain the initial and Boundary value problems.   [AU-Apr 2009] 
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27. State the assumptions made in the derivation of one dimensional wave equation. 
28. State Fourier law of conduction. 
29. Distinguish between steady and unsteady states condition in one dimensional heat flow 
equation. 

30. By the method of separation of variables solve 023 







y
uy

x
ux

 

31 . Classify the Partial differential equation    ),(2

2

2

2

yxf
y
u

x
u









         

                                                                                                  [A.U.  N/D 2009,2016] 

33. By the method of separation of variables solve 2u u u
x t
 

 
 

 

                                                                                                                 [AU-M/J 2017] 
 

 
1. ZERO INITIAL VELOCITY   (METHOD-1) 

PART-B 

1.  Tightly stretched flexible string has its ends fixed at 0x  and lx  apart. Motion is     

     Started by displacing the string in to the from  )( 2xlxky   from which it is released at   

     time t=0. Find the displacement of any   point of the string at a distance of  x   from one    

     end at time t.                                      [AU -, MAY-2015, N/D 17, A/M 18] 

 

2. A Tightly stretched flexible string has its ends fixed at 0x  and lx  . At the time t=0 , 

the string is given by a shape defined by ),()( 2 xlkxxf  where k is constant , and then 

released from  rest . Find the displacement of   any point ‘x’ of the string at any time  t>0.               

                                                                                                           [AU / MAY -2010,2008] 

3. A Tightly stretched string with fixed end point 0x  and lx   is initially in a position   

given by .sin)0,( 3
0 l

xyxy 
 If it is released from rest from this position. 

  Find the displacement y at any distance x from one end at any time t.    [AU / DEC -2012] 

4.  A string of length 2l is fastend at both ends.  The mid point of the string is taken to a 

height b and then released from rest in that position.  Show that the displacement is 

   
 

   












 







 





1

2

1

2 2
12cos

2
12sin

22
18,

n

n

l
atn

l
xn

n
btxy 

  
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5. A taut   string of  length L has  its ends 0x  and lx   fixed . The point where 3
lx   is 

drawn aside a small distance h , the displacement ),( txy  satisfies 2

2
2

2

2

x
ya

t
y








. Determine 
),( txy  at any time t.                                       [AU / MAY -2010] 

 

6. A String is  stretched and fastened to   points at a distance  l  apart the motion is started by  

displace the string in form  lx
l
xay  0,.sin   from which it  is  released at a time t = 0  

find the displacement  at any time  t.                                            [AU / MAY -2014] 

2. NON ZERO VELOCITY   (METHOD-2) 

7. A tightly stretched string with fixed end points x = 0 and x = 1 is initially at rest in its 

equilibrium Position.  It is set vibrating string giving each point a velocity  xx 1   

                                                                                                             [AU / MAY -2013] 

8. A string is stretched between two fixed points at a distance 2l apart and the points of the   

       string are given initial velocities v where 

 













lxin
l

xlc

lxin
l

cx

v
20)2(

0
 

   x being the distance from one end point. Find the displacement of the string at any 

   time.                                   [AU / DEC -2010] 

9. A string of length l is initially at rest in its equilibrium position and motion is started by     

     giving each of its points a velocity given by 

 













lxlifxlc

lxifcx
v

2

2
0

 

    Find the displacement function y (x,t).                                     [AU M/J 2007, N/D 2010] 

 

 10. If a string of length l is initially at rest in its equilibrium position and each of its points is 

given the velocity lx
l
xv

t
y

t













0,sin 3
0

0

 , determine the transverse displacement (or) 

displacement of a point distant x from one end at time‘t’.                       

                                                                                             [AU N/D 2008/NOV-2013,2014] 

  3.  HORIZONTALLY   INFINITE PLATE 
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11. An infinitely long rectangular plate with insulated surface is 10cm wide. The two long 

edges and  one short edge are kept at zero temperature, while the other short edge 0x  is 

kept at temperature given by 








105,)10(20
50,20

yfory
yfory

u find the steady state  

temperature distribution in the plate                                                    [AU / MAY -2014] 

 

12. An infinitely long metal plate in the form of an area is enclosed between the lines 

 yandy 0 for 0x . The temperature is zero along the edges  yandy 0 and at 

infinity. If the edges  0x is kept at a constant temperature CT 0
0 ,find the steady state 

temperature at any point of the   plate?                                       [AU / DEC -2009] 

13. An infinitely long plane uniform plate is bounded by two parallel edges and an end at 

right angle to them. The breadth of this edge isx 0 , this end is maintained at 

temperature as )( 2yyku   at all points while the other edges are at zero temperature. 

Determine the temperature u(x,y) at any point of the plate in the steady state if u satisfies 

Laplace equation?                                                                              [AU / MAY -2010] 

14. An infinitely long plate in the form of an area is enclosed between the lines 

 yandy 0     for positive value of x. The temperature is zero along the edges 

 yandy 0 and the edge at infinity. If the edge 0x is kept at the temperature 

 ykyyf 0,)(  find the steady state temperature distribution in the plate?  

                                                                 [AU / MAY -2010] 

4.  VERTICALLY INFINITE   PLATE
 

15. A rectangular plate with insulated surface is 10 cm wide and so long compared to its 

width that it may be considered infinite in length without introducing appreciable error. The 

temperature at short edge y=0 is given by
 

                              







105)10(20

5020
xforx

xforx
u

 

and all the other three edges are kept at C0  . Find the steady state temperature at any point in 

the plane.                                         [AU / MAY -2013] 

16. A long rectangular plate has its surfaces insulated and the two long sides as well as one of 

the short sides are maintained at C0 . Find an expression for the steady state temperature 

),( yxu  if the short side cmisy 0 long and is kept at Cu 0 .              [AU / MAY -2009]                                                                                                     
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17. A rectangular plate with insulated surface is 8 cm wide and so long compared to its width 

that it may be considered infinite in the length without introducing an appreciable error. If the 

temperature along one short edge y=0 is given by 

80
8

sin100)0,(  xinxxu 

 
While the two long edges x=0 and x=8 as well as the other short edges are kept at 

C0 , find the steady state temperature function ),( yxu                      [AU / MAY -2010]
 

18. An infinitely long plane uniform plate is bounded by two parallel edges x=0 and x=l and 

an end at right angles to them. The breadth of this edge y=0 is l and is maintained at a 

temperature  

)()( 2xlxkxf  . All the other three edges are at C0 . Find the steady state temperature at 

any interior point of the plate.                                                               [AU / MAY -2010] 

5.TWO DIMENSIONAL HEAT FLOW EQUATION  (SQUARE PLATE) 

19. A square plate is bounded by the lines x=0,y=0,x=20 and y=20. Its faces are insulated, the 

temperature along the edge y=20 is given by  x (20 - x) while the other three edges are kept at 

.0 C Find the steady-state temperature distribution on the plate. [AU / DEC -2009,2011]
 

20. A Square plate is bounded by the lines x= 0 , x=a, y = 0 and y = b. Its surfaces are 

insulated and the temperature along y=b is kept at 1000 C. while the temperature along other 

three edges are at 00C. Find the steady-state temperature at any point in the plate.                         

                                                                                                                           [AU NOV-2014] 

6.STEADY STATE CONDITIONS AND NON-ZERO BOUNDARY 

21. The ends of A and B of a rod 10cm long have their temperature kept at 50˚ C and 100˚ C 

respectively until the steady state conditions prevail. The temperature of the end B is then 

suddenly reduced to 60˚ C and kept so while the end A is raised to 90˚ C .Find the 

temperature distribution function in the rod after time t.                      [AU N/D 2008, 2015)] 

 

22. A bar 10cm long with insulated sides, has its ends  A and B kept at 20˚ C and 40˚ C 

respectively until the steady state conditions prevail. The temperature of the end A  is then 

suddenly reduced to 50˚ C and and at the same instant that at B is lowered to 10˚ C .Find the 

subsequent temperature at any point of the bar at any time.          [AU A/M 2018] 
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7.   STEADY STATE CONDITIONS AND ZERO   BOUNDARY 

 

23. A rod of length lcm long has its ends A and B kept at 0˚C and 100˚ C respectively until 

the steady state conditions prevail. If the  temperature at B  is suddenly reduced to 0˚C and 

maintained at 0˚C . Find the temperature distribution u(x,t) at a distance x from A at any time 

t                                                                                                                 [AU N/D 2017] 

 

                     8. FINITE PLATES 

24. Find the steady state temp. distribution in a rectangular plate of sides a and b insulated at  

the  lateral surface and satisfying the boundary conditions u(0,y)= u(a, y)=0 for 0≤y≤b       

u(x, b)= 0 and  u(x,0)=x(a-x ) for 0≤x≤a                                                    [AU N/D 2012] 

 

9. ONE DIMENSIONAL HEAT FLOW 

26. Solve 2



t
u

2

2

x
u


  subject to the conditions                 [A.U. NOV 2013, MAY -2015] 

          (i) 00),0(  tallfortu  

          (ii)  00),(  tallfortlu  

        (iii)  








lxlxl

lxx
xu

2/,
2/0,

)0,(
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UNIT – IV 
FOURIER TRANSFORMS 

PART – A 
 

1. State Fourier integral theorem        
              [A.U. April 1996, April/May 2005, May-2016] 
    Solution: 
 If f(x) is piece wise continuously differentiable and absolutely integrable in    
      , , then  

     dtdsetfxf txis 








 )(

2
1
  

      or equivalently 

       


dtdxttfxf  
 




0

cos1
 

 This is known as Fourier integral theorem or Fourier integral formula. 
 
2. Show that    xxf 0,1  cannot be represented by a Fourier   integral. 
                                                        [A.U. April/May 2003] 
     Solution: 

      
 

0 00

1 xdxdxxf  

 and this value tends to   as x  

 ie.,  


0

dxxf  is not convergent. 

 Hence f(x) = 1 cannot be represented by a Fourier integral. 
 
3. Define Fourier Transform pair.     [A U, March, 1996] 
     Solution:  
 

      dxexfxfF isx





2

1
 and  

 

        dsesFxf isx




 )(
2
1


 

 
4. What is the Fourier cosine transform of a function. (or) 
     Write down the  Fourier cosine transform pair of formulae. 
     Solution:     [A U, October / November 1996] 
 
 The infinite Fourier cosine transform f(x) is defined as  

      



0

cos2 sxdxxfsFxfF cc 
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       The inverse Fourier cosine transform is defined by   

                          



0

cos)(2)( sxdsxfFxf c
 

 

5. Find the Fourier cosine transform of 0,  ae ax
          

    Solution:        [A U, April, 2001] 
    

               



0

cos)(2)( sxdxxfxfFc    

   


 
0

cos2 sxdxeeF axax
c   

 

                 0,2
22 


 a

as
a


 

6. Find the Fourier cosine transform of xe 3  
    Solution:  

                     



0

cos)(2)( sxdxxfxfFc   

                      


 
0

cos2 sxdxeeF axax
c    

 

          


 
0

33 cos2 sxdxeeF xx
c   

 

             






 22 3

32
s

 

 

7. Find the Fourier sine transform of xe 3         
    Solution:                    [A U, Nov / Dec 1996, M/J 2013] 
         
 

         


 
0

33 sin2 sxdxeeF xx
s   

 

                        






 22 3

2
s

s

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     Formula   


 
0

sin2 sxdxeeF axax
s   

8. Find the Fourier Sine transform of  
x
1       [AU A/M 2015, N/D 2016, A/M 2017] 

   Solution: 
 We know that  

     



0

sin2 sxdxxfxfFs   

 

             








0

sin121 sxdx
xx

Fs   

 
               Let sx   00  x  
  
          dsdx     x  
 

   










0

sin2
s

ds 
  

   



0

sin2 




d  

   22
2 






    












0 2
sin 



 d  

 
9. Define Fourier sine transform and its inversion formula.                         
    Solution:               [A.U. April/May, 2004 ] 
 
 The infinite Fourier sine transform of f(x) is defined as 
 

       



0

sin2 sxdxxfsFxfF ss    

       The inversion formula is  

    



0

sin2 sxdssFxf s
 

10. Find the Fourier sine transform of f(x) = e-x and  hence deduce that      

         



0

2 21
sin medx

x
mxx 

    [A U, March, 1998, 1999 & 2000] 

      Solution:  
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    02sin2
22

0










 


 a

sa
ssxdxeeF axax

s   

 
           By the inversion formula for sine transform 
 

                       



0

sin2 sxdssFxf s  

 

                             













0
2 sin

1
22 sxds

s
s

  

 

  



0

2 ,
221

sin xexfdx
s
mxx 

 

 

         



0

2 21
sin medx

s
mxx 

 

 

11. Find  ax
c xeF   and  ax

s xeF 
 

      Solution: 

           (i)       xfF
ds
dxxfF sc   

 

      ax
s

ax
c eF

ds
dxeF    

 

                     







 




0

sin2 sxdxe
ds
d ax

  

 

                       




















 222

22

22

22
aas

sa
as

s
ds
d

  

 

           (ii)     ax
c

ax
s eF

ds
dxeF    

 

                           







 




0

cos2 sxdxe
ds
d ax

  
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                           22222

222
as

as
as

a
ds
d















  

 

12. Show that the Fourier sine transforms of 2/2xxe  is self reciprocal. 
                                                         [A U, March, 1996] 

       Solution: 
 

 We know that      xfFc
ds
dxxfFs   

                      Here   2

2x

exf


  

    
2

2

2

2
4

2

a
eeFcxfF

a
s

x

C
















  

             





















2

2

2

4

a
e

ds
dxxfF

a
s

s  

   i.e.,               2

2

4
322

a
s

s e
a

sxxfF


  

 Deduction : put 
2

1
a .  Then we have 22

22 sx

sexeFs














 

 

                   2

2x

xe


 is self reciprocal w.r.t Fourier sine transform. 
 
13. If Fourier transform of f(x) is F(s), prove that the Fourier transform of f(x) 

axcos  is     asFasF 
2
1    [AU April, 2001, Nov/Dec 2014]

 (or) 
      State and Prove Modulation Theorem. 
      Proof:  
 If F(s) is the F.T of f(x), then  

        asFasFaxxfF 
2
1cos  

               axdxxfeaxxfF isx cos
2
1cos 







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                 













 
 dxaexfe

iaxiax
isx

22
1


 

 

   
        








 










 dxxfedxxfe xasixasi

 2
1

2
1

2
1

 

       asFasF 
2
1  

14. Prove that        asFasFaxxfF CCC 
2
1cos  where Fc denotes the 

Fourier    cosine transform f(x).       [A U April/May 2001] 
           
      Solution: 

      sxdxaxxfaxxfFc coscos2cos
0






 

 

                                  dxxasxasxf 



 

 


2
coscos2

0
 

 

                                   xdxasxfxdxasxf  


cos2
2
1cos2

2
1

00 
 

 

                                asFcasFc 
2
1  

 
15. If F(s) is the complex Fourier transform of f(x) then find    axF   
      Solution:           [A U, April, 2000] 
 

    




 dxeaxF isx




2
1

 

 

                           





ha

a

isx

h
dxe

h
1lim

2
1

0
 

 

                           






 


 ish
ee

h

ish
isx

h

11lim
2
1

0
 

 

                           11lim
2 0





 

ee
h

isa

  
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16. Given that 
2/2xe

 is self reciprocal under Fourier cosine transform, find (i) 
Fourier sine transform of 2/2xxe  and (ii) Fourier cosine transform of 

2/2 2xex 
                        [A U, DEC 1996] 

         Solution: 

 Given   2/2/ 22 sx eeFc    

           2/2/ 22 x
c

x
s xeF

ds
dxeF    

                                     2/2/2/ 222 sss sesee
ds
d    

 

     2/2/2 22 x
s

x
C xeF

ds
dexF    

 

                                  2/2/2/ 222 sss essese
ds
d    

 

                                2/22/2/2 222

1 sss esees    
 
17. If  sFc  is the Fourier cosine transform of f(x), Prove that the Fourier cosine     

       transform of f(ax) is 




a
sF

a c
1  

      Solution: 
 
 i.e., To prove: 

    




a
sF

a
axfF cc

1  

      W.K.T     



0

cos2 sxdxaxfaxfFc 
 

 Put ax = u when  uxux ,00  
                  adx = du 
 

                             
a

du
a
suuf











0

cos2


 

                             duu
a
suf

a 



0

cos21


 

                            



0

cos21 tdt
a
stf

a 
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                           







a
sF

a c
1

 

18. If F(s) is the Fourier transform of f(x), then find the Fourier transform of      
       f(x-a).           (or) State and prove shifting theorem. 
         (or) If the Fourier Transform of f(x) is F[f(x)] = F(s), then show that  
                 F[f(x-a)] =eiasF(S) 
      Solution:                                         [AU N/D 2013, A/M 2015, A/M 2017] 

 Given:    




 dxexfsF isx

2
1

 

    




 dxeaxfaxfF isx

2
1)(  

 
                       put  t =   x – a  as  tx  
 
                                 dt = dx    tx  
 

                               dtetf tais 





2
1

 

                             dtetfe ist
ias







2  

                             sFedtetfe iasistias 







 



2
1

 

19. If Fs(s) is the Fourier sine transform of f(x),  

        show that         asFasFaxxfF sss 
2
1cos  

          Solution: 

         



0

sincos2cos sxdxaxxfaxxfFs                                         

                                     



0

cossin2 dxaxsxxf
  

                               dxxasxasxf 







 



0

sinsin
2
12

  

                                







 



00

sinsin2
2
1 xdxasxfxdxasxf

                                       
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        







 



00

sin2sin2
2
1 xdxasxfxdxasxf

  

                             asFasF ss 
2
1

 

20. State the convolution theorem for Fourier transforms.    
  

(or) 
       State the Faltung theorem. [A.U. April / May 2003, N/D 2017, A/M 2018] 
 
       If F(s) and G(s) are the Fourier transform of f(x) and g(x) respectively.  Then the 
Fourier     
      transform of the convolution of f(x) and g(x) is the product of their Fourier 
transform. 
 
       SGSFxgxfF )(       xgFxfF  

21. Find the Fourier transform of 








axin
axin

xf
0
1

)(
       [AU A/M 2018]        

      Solution: 
          We know that  

                    

   




 dxexfxfF isx

2
1)(  

                                       

a

a

isxa

a

isx

is
edxe










   2

1
2
1

 

                                       






 













2
2

2
1

2
1 iasisaisaisa ee

isis
e

is
e

  

                                      






 




i
ee

s

iasisa

2
2

2
1
  

                     





s
asxfF sin2)(

  

 

22. Find the Fourier cosine transform of  








axif

axifx
xf

0
0cos

)(  

      Solution: 

              
 a

c sxdxxsxdxxsF
00

coscos2coscos2)(
  
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                            
a

dxxsxs
0

)1cos()1cos(
2
12

  

                          

a

s
xs

s
xs

01
)1sin(

1
)1sin(

2
1















  

 

                         













1

)1sin(
1

)1sin(
2
1

s
as

s
as

  

                                                                               Provided 1;1  ss  

23. Find the Fourier Cosine transform of xx ee   32  
       Solution: 
         We know that  

                     



0

cos)(2)( sxdxxfxfFc   

        


 
0

22 cos323 sxdxeeeeF xxxx
c   

                                      
 

 
0 0

2 cos32cos2 sxdxesxdxe xx

  

                                     

 

 






























0
2

0
2

2

sincos1
1

23

sincos2
4

2

sxssx
s

e

sxssx
s

e

x

x




 

                                     



 






 


 )1(

1
1023)2(

4
102

22 ss   

                                     













 22 1

123
4

22
ss   

                                     











1
3

4
22

22 ss  

 
 
24. Find Fourier Cosine transform of xe . 
      Solution: 
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          



0

cos)(2)( sxdxxfxfFc   

              


 
0

cos2 sxdxeeF xx
c   

                           
















 



22

0
2 cos

1
12

ba
abxdxe

s
ax

  

 
25. If Fourier transform of )()( sFxf  then what is Fourier transform of 

)(axf  (OR) If F(s) is the fourier transforms of f(x), Prove that 

  







a
sF

a
axfF 1)(   (or)    State and Prove a Change of scale property.                             

                                                     [AU M/J 2013, N/D 2015, N/D 2016, N/D 2017] 
       Proof: 

         For any non zero real a ,    







a
sF

a
axfF 1)(  

                     

                        




 dxexfxfF isx)(
2
1)(
  

                      




 dxeaxfaxfF isx)(
2
1)(
  

                                                                                            
 adxdtaxtput  ,  

                                         













a
dtetf a

tis
)(

2
1
  

                                         




a
sF

a
1

 

26. If F denotes the Fourier transform operator then show that         

                    sF
ds
dixfxF n

n
nn )()(   

       Solution: 

          To Prove      sF
ds
dixfxF n

n
nn )()(   
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                   We have   




 dxexfxfF isx)(
2
1)(
  

         Differentiating both sides n times w.r.t ‘s’   we get 

                               




 dxeixxfsF
ds
d isxn

n

n

))((
2
1)(
  

                                                     )()(
2

xfxFidxexxfi nnisxn
n

 


  

       Hence           

 

)()(

)(1)(

sF
ds
di

sF
ds
d

i
xfxF

n

n
n

n

n

n
n





 

27. If F(s) is the Fourier transform of )(xf , show that the Fourier transform of    
        )()( asFisxfeiax  .                                                          [AU Nov/Dec 2014] 
       Solution: 

               




 dxexfxfF isx)(
2
1)(


 

         




 dxexfexfeF isxiaxiax )(
2
1)(


 

                                 




 dxxfe xasi )(
2
1 )(

  

                                 )( asF   

28. Find  







)(xf

dx
dF n

n

 

      Solution: 

             




 dxexfxfF isx)(
2
1)(
  

           




 dxexfxfF isx)(
2
1)( 11

  

                              




 )(
2
1 xfdeisx

  
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                              








 






 dxisexfxfe isxisx )()()(
2
1
  

 

                             








 




dxexfis isx)()00(
2
1
  

                               

                              




xasxfdxexfis isx 0)()(
2
1)( 
  

                            )(sisF  
      Similarly        

        xasffffifsFisxfF nnn 0,........,,)()()( 1111)(
 

29.  State Parseval’s Identity for Fourier transform. 
       Solution: 
               If F(s) is the Fourier transform of )(xf , then   

                            








 dssFdxxf 22 )()(  

30. Find the Fourier transform of  








bxandax
bxae

xf
ikx

0
,

)(  

      Solution: 

           We know that   



 dxisxexfxfF )(

2
1)(
  

                                                        
b

a

isxikx dxee
2

1
 

                                                         
b

a

xski dxe )(

2
1
  

                                                        

b

a

xski

ski
e














)(2
1 )(

  

                                                         askibski ee
ski

)()(

2)(
1  




  

                                                         askibski ee
sk

i )()(

2)(
 





  
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                                                         bskiaski ee
sk
i )()(

2)(
 




  

31. State the Fourier transform of the derivatives of a function.   (OR)   Find the 
Fourier  transform of a derivative of the function f(x) if f(x)  → 0 as x  → ±∞   

[AU  N/D 2005, M/J -2016] 

       Solution:   



 dxisxexfxfF )(

2
1)(


 

              








 )(

2
1)(

2
1)( xfdisxedxisxexfxfF

  

                               =  

















 dxisxexfisxfisxe )()(

2
1


 

    =  - is F(s) if   f(x)  → 0 as x  → ±∞   
              where )(sF   is the Fourier transform of )(xf . 

               Therefore  )()()]([ sFisxfF   
                                                       

32. Find the Fourier sine transform of xe .        
       Solution:                                                      [AU M /J 2006] 
        We know that 

                     



0

sin)(2)( sxdxxfxfFs   

           


 
0

sin2 sxdxeeF xx
s   

                              






 22 1

2
s

s


 

33. Find the Fourier Cosine transform of of )(xf defined as         [AU N /D 2006] 

         













20

212
10

)(
xfor

xforx
xforx

xf  

       Solution: 
                We know that  
   

       







 

2

1

1

0

cos)2(cos2 sxdxxsxdxx
  
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

























 














 

2

1
2

1

0
2

cos)1(sin)2(cos)1(sin2
s

sx
s
sxx

s
sx

s
sxx

  

      











































2

1
2

1

0
2

cossin)2(cossin2
s

sx
s
sxx

s
sx

s
sxx

  

      






















 






 





















  2222

cossin2cos01cossin2
s

s
s

s
s

s
ss

s
s

s
  

       






  2222

cossin2cos1cossin2
s

s
s

s
s

s
ss

s
s

s
  

       






  222

2cos1cos22
s

s
ss

s
  

 ss
s

2coscos21

2

2  
 

 

34. Find the Fourier sine transform of   0,   aexf ax
      [AU N/D 2007] 

      Solution:  

                          



0

sin)(2)( sxdxxfxfFs   

  

 

0,2

sin2

22

0












 




a
sa

s

sxdxeeF axax
s




 

35. State inverse theorem for complex Fourier transform. 
       Solution: 
           Let )(xf be a function satisfying Dirichlet’s conditions in every finite interval 

),( ll .    
     Let )(sF  denote the Fourier transform of )(xf . Then at every point of continuity     
     of )(xf , we have  

                       




 dsesFxf isx)(
2
1)(


  

36. Find the function )(xf  whose sine transform is ase  .       [AU M/J 2010 ] 
      Solution: 
           Given   as

S exfF )(  
          By inversion formula 
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                     



0

sin)(2)( sxdsxfFxf s
 

                            









 







0
22

0

sinsin2
ba

bbxdxesxdse axas 


 

                            






 22

2
xa

x


 

37. Find the Fourier cosine transform of xe 2           
       Solution:                           [AU N/D 2010 ]  

               



0

cos)(2)( xdxxfxfFc   

                 









 







22
00

2 coscos2
ba

abxdxexdxeeF axxax
c 

  

                   22 2
22



s

 

38. Prove that    )()( sF
ds
dxxfF CS                                        [AU A/M 2011] 

       Solution: 

           We know that   



0

cos)(2)( sxdxxfxfFc   

        Differentiating both sides w.r.to s 

                             



0

cos)(2)( sxdxxf
ds
dxfF

ds
d

c   

                                                   



0

)(cos)(2 dxsx
ds
dxf

  

                                                   



0

)sin)((2 dxsxxxf
  

                                                   



0

sin)(2 sxdxxxf
  

                                                    )(xxfFS  

              )()().,.( sF
ds
dxxfFei CS   

39. Define the Fourier sine and Cosine transform of )(xf . 
       Solution: 
           The infinite Fourier Cosine transform of )(xf is defined as 
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                    



0

cos)(2)( sxdxxfxfFC 
 

          The infinite Fourier Sine transform of )(xf is defined as 

                    



0

sin)(2)( sxdxxfxfFS 
 

40. Find the Fourier transform of xe  , 0 .                             [AU N/D 2012] 
       Solution: 
            We know that  

                            




 dxexfxfF isx

2
1)(  

                           




  dxeeeF isxxx 

2
1

 

                                           



0

cos2 sxdxe x

 






 22

2



 s  

41. Find the Fourier sine transform of x
ee bxax  

 

      Solution: 

      















  

x
e

x
eF

x
eeF

bxax

S

bxax

S  

                                                          

                                          
















































a
s

x
eF

x
eF

x
eF

ax

S

bx

S

ax

S

1tan2



 

                                          












 

b
s

a
s 11 tan2tan2

  

                       




















 

b
s

a
sxfFS

11 tantan2)(
  

42. Find the Fourier sine transform of 22 ax
x
  

       Solution: 
          We know that F.S.T of axe  is given by 
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                               22

2)(
as

seFxfF ax
SS 

 


 

       Using inversion formula for F.S.T we get 

                                    sxds
as

se ax sin22
22

0 
 





 

          0,
2

sin
0

22 





 aesxds
as

s ax  

       Changing x and s , we get  

            0,
2

sin
0

22 





 aesxdx
ax

x as  

      Now       









 0
2222 sin2 sxdx

ax
x

ax
xFS 

 

                                             ase 
2

2 


 

                     as
S e

ax
xF 





 222

  

43. Find the Fourier Cosine transform of xx ee 52 25    
       Solution: 
         We know that  

                     



0

cos)(2)( sxdxxfxfFc   

     


 
0

5252 cos25225 sxdxeeeeF xxxx
c   

                                        
 

 
0 0

52 cos22cos25 sxdxesxdxe xx

  

                                       

 

 






























0
22

5

0
2

2

sincos5
5

22

sincos2
4

25

sxssx
s

e

sxssx
s

e

x

x




 

                                       





 






 


 )5(

25
1022)2(

4
1025 22 ss                                  

                                       











25
1

4
1210 22 ss  
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44. If  








ax

axx
xf

0
0sin

)(  , Find the Sine transform. 

      Solution: 
             The Fourier Sine transform of )(xf is given by 

                            



0

sin)(2)( sxdxxfxfFS 
 

                       
a

S sxdxxxfF
0

sinsin2)(


 

                                    
a

dxxsxs
0

)1cos()1cos(
2
12


 

                                  
a

s
xs

s
xs

01
)1sin(

1
)1sin(2

2
1

















 

                                  













s

as
s

as
1

)1sin(
1

)1sin(
2
1


 

45. Find the function )(xf  whose sine transform is 
s

e as

. 

     Solution: 
         We know that the inverse Fourier sine transforms of  )(xfFS  is given by 

                     



0

sin)(2)( sxdsxfFxf s
 

             Here  
s

exfF
as

S



)(  

                   
 


0

sin2)( sxds
s

exf
as


 

         Differentiating w.r.t ‘x’ on both sides, we get 

                      
 


0

sin2)( sxds
dx
d

s
exf

dx
d as


 

                                  
 


0

.cos2 sdssx
s

e as


 

                                  



0

cos2 sxdse as


 

                                  22

2
xa

a





 

               22

2)(.,
ax

axf
dx
die





 

             Integrating, 

                            
 dx

ax
axf 22

12)(

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                                   





 

a
x

a
a 1tan12


 

                           





 

a
xxf 1tan2)(


 

 
46. Define self reciprocal with respect to Fourier Transform.          [AU N/D 2013] 
       Solution. 
          If a transformation of a function f(x) is equal to f(s) then the function f(x) is     
       called self reciprocal. 
47. State Convolution theorem.                                                            [AU N/D 2012] 
       Solution. 
             The Fourier transform of the Convolution of f(x) and g(x) is equal to the 
product  of their Fourier transforms.  
                 (i.e.,)   )]([)]([)](*)([ xgFxfFxgxfF          

48. Evaluate 


0
2222

2

))(( bsas
dss  using Fourier transforms      [A.U  N/D 2015] 

Solution  

         By Parseval’s Identity    



00

)]([)]([)()( dsxgFxfFdxxgxf ss  …………..(1)  

                                 
axexf )( bxexg )(  

We know that 













 

2222

2][2][
bs

seF
as

seF bx
s

ax
s 

 

L.H.S dxedxxgxf xba 
 


0 0

)()()(   













0

)(

)( ba
e xba

          










)(

10
ba

 

                      




00

)]([)]([)()( dsxgFxfFdxxgxf ss

 

                        ds
bs

s
as

s
ba 


















 0
2222

22
)(

1


 

                          ds
bs

s
as

s
ba 


















 0
2222

2
)(

1


 

                    
)(2))((0

2222

2

ba
ds

bsas
s













   

  
 

       
 
 
 
 
 
 
 



 MA8353-Transforms and Partial Differential Equations                 Unit -IV – Fourier Transforms 
 

Dept. of Mathematics                                   Mailam Engineering College Page 21 
 

PART - B 
PROBLEMS BASED ON FOURIER TRANSFORMS AND ITS INVERSION, 

PARSEVALS IDENTITY 

FORMULA       (1)   Fourier transform                       




 dxexfxfFsF isx

2
1  

                            (2)   Inverse Fourier transform      




 dsesFxf isx

2
1  

                             (3)   Parseval’s identity                  2 2
f x dx F s ds

 

 

   

1. Find the Fourier Transform of  








0,0

,
axfor

axforxa
xf  hence deduce 

that      










0

2

2
sin dt

t
t  ,     











0

4

3
sin dt

t
t               [AU Nov / Dec, 1996] 

     Solution:     

          Formula        




 dxexfxfFsF isx

2
1

 

             Given:               Here  


 


otherwise

axaaxforxa
xf

,0  

         
  dxexaxf isx

a

a




2

1)(
 
 

                  
 




a

a

xa
2

1  dxsxisx sincos   

                 
  








 

a

sxdxxa
0

0cos2
2
1


  Since   sxxa cos  is an even function.                                                                           

                    
a

sxdxxa
0

cos2


                                sxxa sin  is an odd function.                           

                 
 

   
a

s
sx

s
sxxa

0
2

cos1sin2














 

  

                  
 

a

s
sx

s
sxxa

0
2

cossin2




 


 

                  














 






  22

10cos02
ss

as


 

                  




 


 22

1cos2
ss

as
   

 as
s

cos112
2 

            

          
  





2
sin212 2

2

as
s

sF


   …  (1) 
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         By inversion formula 

                    
   





 dsesFxf isx

2
1

 

                               





 dseas
s

isx

2
sin122

2
1 2

2
 

                   
  





 dseas
s

xf isx

2
sin12 2

2  

We have to deduce that 










0

2sin dt
t

t
 in the above integrand put 0x and 2a  we 

get
 

       (1)    ds
s

sf 




 2

2sin20
  

                                     
ds

s
s





0

2

2sin4
            2

2sin
s

s is an even function            

 0
4

sin

0
2

2

fds
s

s 




 2
4


 [  


 


otherwise

axxa
xf

0
,

 f(0) = a  but Here a = 2] 

By Parseval’s identity     








 dssFdxxf 22

 

                                      








 dsas

s
dxxa

a

a

2

2
2

2

2
sin212

  

                                           
  dsas

s
dxxa

a

2
sin14222

0

4
4

0

2 





 

         Put 2a and ts   we get 

                                            
  dss

s
dxx

2
2sin142222

0

4
4

2

0

2 



      

 

                                            
  dss

s
x
















0

4
4

2

0

3

sin1422
3

22
   

                                           
dss

s



0

4
4 sin1422

3
16

  

                                  











0

4

3
sin dt

t
t

 

     Answer:       
2

sin

0

2 











dt
t

t
  [  s is a dummy variable] 

                              










0

4

3
sin dt

t
t

 


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2. Find the Fourier Transform of  








1,0
1,1

xfor
xforx

xf  hence deduce that 












0

2

2
sin dt

t
t  , 











0

4

3
sin dt

t
t  [AU  N/D 2015, A/M 2016, N/D 2016, N/D 2017] 

    Solution:    Formula        




 dxexfxfFsF isx

2
1

 

                      Given  


 


otherwise

xxforx
xf

,0
1111

 

                              
  dxexxf isx




1

1

1
2
1)(
                                                  

                                      
 




1

1

1
2
1 x


 dxsxisx sincos   

                           
  








 

1

0

0cos12
2
1 sxdxx


  sxx cos1  is an even function.
    

                                
      

1

0

cos12 sxdxx
      sxx sin1  is an odd function.

 

         
                             

1

0
2

cos1sin12














 

s
sx

s
sxx

  

                                   
 

1

0
2

cossin12




 

s
sx

s
sxx


 

                                  














 






  22

10cos02
ss

s


 

                                  




 


 22

1cos2
ss

s


 

                                  
 s

s
cos112

2 


 

                          
  





2
sin212 2

2

s
s

sF


   …  (1) 

          By inversion formula 

                      
   





 dsesFxf isx

2
1

 

                                





 dses
s

isx

2
sin122

2
1 2

2  
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  





 dses
s

xf isx

2
sin12 2

2  

we have to deduce that 










0

2sin dt
t

t  in the above integrand put  x = 0 and a = 2 we 

get    ds
s

sf 




 2

2sin20


ds
s

s




0

2

2sin4
        [ 2

2sin
s

s is an even function]           

 0
4

sin

0
2

2

fds
s

s 




   2
4


  [  


 


otherwise

axx
xf

0
,1

 f(0) = a  but a = 2]    

                       2
sin

0

2 











dt
t

t
  [  s is a dummy variable] 

By Parseval’s identity     








 dssFdxxf 22

 

                                      








 dss

s
dxx

2

2
2

1

1

2

2
sin2121

  

                                           
  dss

s
dxx

a

2
sin142212

0

4
4

0

2 





 

         Put tsts 2,
2

  

                              dtds 2  

                                            
 

 
  dtt

t
dxx 2sin

2
142212

0

4
4

1

0

2 



      

 

                                            
  dtt

t
x















0

4
4

1

0

3

sin12
16
1422

3
12

   

                                           
dtt

t



0

4
4 sin12

3
2

  

                                  











0

4

3
sin dt

t
t

 
        Result: 

                   2
sin

0

2 











dt
t

t

, 

                      











0

4

3
sin dt

t
t

 

 


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3.  Find the Fourier transform of the function f(x) defined by 

  








00

22

xif
axifxa

xf  

     Hence deduce that 
4

cossin

0
3








dt
t

ttt  . Using Parseval’s Identity show that      

      
15

cossin

0

2

3








 



dt
t

ttt  .            [A.U. April, 1996, 2000, N/D 2012,2013] 

     Solution:   

         Given:   The given function can be written as  


 


otherwise

axaifxa
xf

0

22

          

        Formula:      
      





 dxexfxfFsF isx

2
1

 

                        
   




a

a

isxdxexasF 22

2
1
  

                              
 

                                   
 




a

a

xa 22

2
1


 dxsxisx sincos   

                  
  








 

a

sxdxxa
0

22 0cos2
2
1


  sxxa cos22   is an even function. 

                  
  

a

sxdxxa
0

22 cos2
  

   sxxa sin)( 22   is an odd function. 

                  
     

a

s
sx

s
sxx

s
sxxa

0
32

22 sin2cos2sin2














 






 

               

          



 


 as
s

as
s

a sin2cos22
32  

                   

          






 

 3
cossin22)(

s
asasasSF

  
        By Fourier inversion formula we have 

           
   





 dxesFxf isx

2
1

                           

                      
 







 dse

s
assaas isx

3
cossin22

2
1


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














 







 

 dssx
s

assaasidssx
s

assaas sincossin2coscossin2
33   

          
  







0

3 0coscossin4 dssx
s

asasasxf
  

              Put a=1 

              
  

 


0
3 coscossin4 dssx

s
sssxf


 

              
  

 


0
3 coscossin4 dssx

s
sssxf


 

           Put x=0 we get  

               
  

 


0
3

cossin40 ds
s

sssf


 

                   4
 = 

 

0
3

cossin ds
s

sss     

By Parseval’s identity     








 dssFdxxf 22  

                     
ds

s
sssdxxa 


















 


2

3

1

1

222 cossin22)(


 

                   
ds

s
sssdxxa 









 


0

3

1

0

222 cossin16)(2


                                   

                                       
ds

s
sss










 


0

3

cossin16
15
16


 

                                       
ds

s
sss










 


0

3
cossin

15


 
 

              Answer:          
dt

t
ttt










 


0

3
cossin

15


 
 
4. Find the Fourier transform of the function f(x) defined by 

  








10
11 2

xif
xifx

xf         

     and hence deduce that  (i) 










0
3 16

3
2

coscossin dss
s

sss   

                                            (ii) dt
t

ttt









 


0

2

3

cossin
15
 [AU N/D 2013, A/M 2018] 

    
  Solution:   
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        The given function can be written as  


 


otherwise

xifx
xf

0
111 2

        

         Formula:               




 dxexfxfFsF isx

2
1

 

                                   
   




1

1

21
2
1 dxexsF isx

  

                                            
 




1

1

21
2
1 x


 dxsxisx sincos   

                       
  








 

1

0

2 0cos12
2
1 sxdxx
   

  sxx cos1 2  is an even function. 

                         
1

0

2 cos12 sxdxx
  

   sxx sin1 2  is an odd function. 

         
                  

1

0
32

2 sin2cos2sin12














 






 

s
sx

s
sxx

s
sxx

               

              



 


 s
s

s
s

sin2cos22
32  

                   

             






 

 3

cossin22)(
s

sssSF
  

                            
By Fourier inversion formula we have 

              
   





 dxesFxf isx

2
1

 

             




 dsesss
s

isxcossin22
2
1

3      

                















 







 

 dssx
s

sssidssx
s

sss sincossin2coscossin2
33 

 

Since 
sx

s
sss coscossin

3


 is an even function and sx

s
sss sincossin

3


 is an 

odd function we get                                                                                                           
 

    






0

3 0coscossin4 dssx
s

sssxf
 

  





0
3 4

coscossin xfdssx
s

sss 
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             put ,
2
1

x  we get  

     

















0
3 2

1
42

coscossin fdss
s

sss 
 

      

                                 



















2

2
11

4
  

     



 

4
11

4


 

     
16
3

4
3

4








 

           By Parseval’s Identity    








 dssFdxxf 22  

                    ds
s

sssdxx
2

3

1

1

22 cossin
2
4)1( 














 

 


 
 

                  ds
s

sssdxx
2

0
3

1

0

22 cossin16)1(2 








 




                                   

                                        ds
s

sss
2

0
3

cossin16
15
16










 




 

                                        ds
s

sss
2

0
3

cossin
15 









 


      

                        Answer:       dt
t

ttt









 


0

2

3

cossin
15
                                                

5. Find the Fourier transform of )(xf  is given by 








0,0

,1
)(

axfor
axfor

xf  

    and hence  deduce that 



0 2

sin)( dt
t

ti  and 
2

sin)(
0

2 











dt
t

tii .       

    Solution:          [AU M/J 2011, 2013, A/M 2015] 

      Formula:      dxexfxfF isx




 )(
2
1)]([
  

                                 
  




a

a

isxdxesF
2

1

 

                                   




a

a2
1  dxsxisx sincos        sxcos  is an even function. 

                                   
a

sxdx
0

cos2
  

                             sxsin  is an odd function. 
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a

s
sx

0

sin2






               

          
        









s
asxfF sin2)]([

  
 
(i) Using Fourier inverse formula 

        

dsexfFxf isx




 )]([
2
1)(
  

     
 





































dssx
s
asidssx

s
as

dssxisx
s
asxf

)(sinsin)(cossin1

)sin(cossin2
2
1)(




)(sinsin sx

s
as






  is odd function . 

        There fore 0)(sinsin













dssx
s
as  

      There fore 










0

)(cossin2)( dssx
s
asxf

    

         
)(

2
)(cossin

0

xfdssx
s
as 











 

       




















axwhen

axwhendssx
s
as

0
2)(cossin

0


 

   In particular if 0x
2

sin

0









 



ds
s
as  

                                              




tswhen
a
dtds

tswhentasputting

,

0,0
 

                              There fore  

2
sin

2
sin

0

0


































dt
t

t

a
dt

a
t

t

 

(ii) By Parseval’s  Identity     

.0)()()( 22
 









xaandaxinxfSincedssFdxxf

 










 ds

s
asdx

a

a

2
2 sin2)1(


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



 






 ds

s
asx a

a

2sin2)(
  

           




























tswhen
a
dtds

tswhentasputtingads
s
as

aads
s
as

,

0,0
2

sin

)(sin2

0

2

2





 

                      .
2

sin
2

sin

0

2

0

2
























 



dt
t

ta
a
dt

a
t

t

                                                                           

6. Find the Fourier transform of )(xf  is given by 








2,0
2,1

)(
xfor
xfor

xf  

    and hence  evaluate 


0

sin dt
t

t  and 










0

2sin dt
t

t .       

    Solution:                [AU M/J 2011, 2013, A/M 2015, A/M 2017] 

      Formula:      dxexfxfF isx




 )(
2
1)]([
  

                                 
  




2

22
1 dxesF isx

  

                                   




2

22
1


 dxsxisx sincos        sxcos  is an even function. 

                                   
2

0

cos2 sxdx
  

                             sxsin  is an odd function. 

         
                                          

                               
2

0

sin2






s
sx


              

          
        









s
sxfF 2sin2)]([

  
 
(i) Using Fourier inverse formula 

        

dsexfFxf isx




 )]([
2
1)(
  
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 





































dssx
s

sidssx
s

s

dssxisx
s

sxf

)(sin2sin)(cos2sin1

)sin(cos2sin2
2
1)(




)(sin2sin sx

s
s






  is odd function 

. 

        There fore 0)(sin2sin













dssx
s

s  

      There fore 










0

)(cos2sin2)( dssx
s

sxf
    

         
)(

2
)(cos2sin

0

xfdssx
s

s 











 

       




















20

2
2)(cos2sin

0 xwhen

xwhendssx
s

s 
 

   In particular if 0x
2

2sin

0









 



ds
s

s  

                                              




tswhendtds

tswhentsputting

,
2

0,02
 

                              There fore  

2
sin

22
2

sin

0

0



































dt
t

t

dt
t

t

 

(ii) By Parseval’s  Identity     

.0)()()( 22
 









xaandaxinxfSincedssFdxxf

 










 ds

s
sdx

22

2

2 2sin2)1(


 





 






 ds

s
sx

2
2

2
2sin2)(

  
           




























tswhendtds

tswhentsputtingds
s

s

ds
s

s

,
2

0,02
2
22sin

)22(2sin2

0

2

2





 



 MA8353-Transforms and Partial Differential Equations                 Unit -IV – Fourier Transforms 
 

Dept. of Mathematics                                   Mailam Engineering College Page 32 
 

.
2

sin
2
2

2
2

sin

0

2

0

2
























 



dt
t

tdt
t

t

                                                                           

 

7. Show that the Fourier Transform of 2

2x

e


 is 2

2s

e


   

   (OR) Show that  2

2x

e


 is  self – reciprocal with respect to Fourier Transform.      

   (OR) Find  the Fourier transform  of 2

2x

e


 
                                                                       [AU M/J 2013, A/M 2016, A/M 2018]  

      Solution:  
               If a transformation of a function f(x) is equal to f(s) then the function f(x) is     
       called self reciprocal. 

              Given:   2

2x

exf


  
       Formula: 

              




 dxexfxfFsF isx

2
1.  

                   







 dxe
isxx

2

2

2
1
  

                
 









 dxe
isxx 2

2
1 2

2
1
  

                
    









 dxe
sisx 22

2
1

2
1
  

               

   
dxe

sisx










22

2
1

2
1

2
1
  

               

 
dxee

sisx
22

1 2
2

2
1 








  

               
dxee

isxs













 




22

22

2
1
  

      put 
2
isxy 

   x   y  dxdy
2

1
 x    y  

        (i.e.,)  dydx 2  
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                          dyee
s

y 2
2
1 2

2

2








  

                          dyee y
s










2

2

21
  

                          dyee y
s








0

2
2

2

21


  
  evenise y2  

                         











2
2 2

2




s

e    












0 2
2 dye y  

      Answer:            
2/2se  

             Hence   2/2xexf   is self reciprocal with respect to Fourier transform. 

8.  Find the Fourier Transform of 
22xae

. Hence show that  2

2x

e


 is self –  
     reciprocal with respect to Fourier Transform.      
   [AU  M/J 2000,  N/D 2014, A/M 2015, N/D 2016]  
      Solution:  
     If a transformation of a function f(x) is equal to f(s) then the function f(x) is called    
     self reciprocal. 

       Given:   0,
22

  aexf xa  

        Formula:       




 dxexfxfFsF isx

2
1

 

                                 




 dxee isxxa 22

2
1
                                                         

                                                       
 





 dxe isxxa 22

2
1
       

                                                                




























 

 dxe a
is

a
isax

22

22

2
1
  

                                                                = 
































 

dxe a
s

a
isax 2

22

42

2
1


 

                                       
dxee

s
aa

isax 2
24

12

2

2
1 







 


  
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Put 
a

isaxu
2

   x  u  x   u  

           (i.e.,)  adxud   

                                                   du
a

ee a
s

u 1
2
1 2

2

2
4





  

                                                                

















0

4

4

0

2
2

2

2

2

2

2
2

1
2
2

due
a
e

du
a

ee

u
a
s

a

s
u

















0 2
2 due u  

                                                                =
22

2 2

2

4 
a

e a
s



=
2

12

2

4

a
e a

s


, 
2

1
aput  

 Answer:                                   
2

2s

e


                       
                              
                                      

COSINE TRANSFORM  

FORMULA   (1)       



0

cos2 sxdxxfxfFsFc 
 

                         (2)  



0

cos2)( dssxxfxf
  

 9.  Show that the Fourier   cosine Transform of 
22xae

 (OR)  Show that  2

2x

e


   
      is self – reciprocal with respect to Fourier Transform.    
     [AU N/D 1996,2012 M/J 2000, A/M 2017] 
      Solution: 
          If a transformation of a function f(x) is equal to f(s) then the function f(x) is   
        called self   reciprocal. 

          Given:   0,
22

  aexf xa  

       Formula:       



0

cos2. sxdxxfxfFsFc   

                                                                





 dxeeofRP isxxa 22

2
1
  

                                        
 





 dxeofRP isxxa 22

2
1
  
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                                        




























 

 dxeofRP a
is

a
isax

22

22

2
1
  

                                                                 = 
































 

dxeofRP a
s

a
isax 2

22

42

2
1


 

                                                            

                                                        dxeeofRP
s

aa
isax 2

24
12

2

2
1 







 


  

Put 
a

isaxu
2

   x  u  x   u  

           (i.e.,)  adxud               

                                                    du
a

eeofRP a
s

u 1
2
1 2

2

2 4





  

                                                                

















0

4

4

0

2
2

2

2

2

2

2
2

1
2
2

dueofRP
a
e

du
a

eeofRP

u
a
s

a
s

u


















0 2
2 due u

     
                  =

22
2 2

2

4 


ofRP
a
e a

s


=
2

12

2

4

a
e a

s


, 
2

1
aput  

   Answer:                        2

2s

e


                       

10.  Show that the Fourier cosine   Transform of 2

2x

e


 is 2

2s

e


  (OR) Show that  

2

2x

e


 is  self –reciprocal with respect to Fourier Transform.   
        [A.U. N/D 1996, M/J - 2000] 
    Solution: 
          If a transformation of a function f(x) is equal to f(s) then the function f(x) is 
called self  reciprocal. 

                               Given:   2

2x

exf


  

              Formula
 
      




0

cos2. dxsxxfxfFsF
  

                                     
     







 dxsxexfFsF
x

cos
2
12 2

2


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







 dxePR
isxx

2

2

..
2
1
  

                                                             

 








 dxePR
isxx 2

2
1 2

..
2
1
  

                                                             

    








 dxePR
isisisxx 222 2

2
1

..
2
1
  

        

    
dxeePR

isisisxx 222

2
12

2
1

..
2
1










  

                                                            

 
dxeePR

sisx
22

1 2
2

..
2
1 








  

                                                        

dxeePR
sisx

22

22

..
2
1 













 



  

put 
2
isxy 

   x   y  dxdy
2

1
 x    y  

(i.e.,)  dydx 2
             

dyeePR
s

y 2..
2
1 2

2

2









 

                                                
dyeePR y

s












2

2

2..1
  

                                            

dyePRe ys 



0

2/ 22

2..1
    evenise y2

   

                                        








 

2
..2 2/2 


sePR   













0 2
2 dye y  

            Answer:              
2/2se   

11.  Find the Fourier cosine transform of 
2xe

                [A.U. N / D 2004] 
      Solution:  

                    Formula
 

    



0

cos2 dxsxxfxfFc 
 

                                      
  


 

0

cos2 22

dxsxeeF xx
c   
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




 dxsxe x cos
2
12 2

  

                                                     





 dxeePR isxx2

...
2
1


 

                                                    





 xdePR isxx2

...
2
1


 

                                                    

 




 xdePR isxx2

...
2
1


 

                                                























 

 xdePR
sisx
42

22

...
2
1


 

                                                










 

 xdeePR
sisx
42

22

...
2
1


 

                                             









 

 xdePRe
isxs

22

24 ...
2
1


 

                    put 
2
isxt     tx  

  
                   dt = dx  x    t  

                                              

 







 dtePRe t
s

2
2

...
2
1 4

  

                                             








 dtePRe t
s

2

2

...
2
1 4

  

                                             



...

2
1 4

2

PRe
s

  




  dte t 2

  

                                             

4

2

2
1 s

e


  

                     Answer:    
  4

2

2

2
1 s

x
c eeF


 

 

12. Find the Fourier cosine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

C  

     Solution:                                                                                  [AU NOV 2015]  
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                    Formula          dxsxxfxfFC cos2)(
0






 

              dxsx
x

e
x

eF
axax

C cos2

0

 









  

                         
  dxsx

x
esF

ax

C cos2

0

 


  

               Diff .w.r.t  ‘s’ 

                  

 








 

 

dxsx
x

e
ds
d

ds
sdF ax

C cos2

0
 

                  

 












 
 

dxsx
sx

e
ds

sdF ax
C cos2

0
 

                  

    












 
 

dxxsx
sx

e
ds

sdF ax
C sin2

0
 

                 

 








 




0

sin2 sxdxe
ds

sdF axC


 

                

 










 22

2
sa

s
ds

sdFC


 

             

 










  ds

sa
s

ds
sdFC

22

2


 

            

 










  ds

sa
s

ds
sdFC

22

2
2
12


 

             

   







 22log

2
12 as

ds
sdFC


 

                  
   








 22log

2
1 assFC


 

   Similarly,  















 
22log

2
1 bs

x
eF

bx

C 
 

        












x
e

x
eF

bxax

C = CF 















 

x
e

x
e bxax

 

                                      =  22log
2
1 as 


 22log
2
1 bs 
  

         Answer:












x
e

x
eF

bxax

C =  
 22

22

log
2
1

as
bs




  
13.  Find the FCT of axe ax cos  
       Solution: 
       Formula: 
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    dxsxxfxfFC cos2)(

0






 

                
  dxsxaxeaxeF axax

C coscos2cos
0



 


 

                                          
dxxasxase ax ])cos()[cos(

2
12

0

 





 

                                       








 





 dxxasedxxase axax

00

)cos()cos(
2
1


 

                                      













 2222 )()(2
1

asa
a

asa
a


 

                                      












})(]{)([

)()(
2 2222

2222

asaasa
asaasaa


 

                                       = 










)22)(22(

24
2 2222

22

asasasas
saa


 

            Answer:  axeF ax
C cos = 











44

22

4
2

2
2

as
saa


 

14. Find the FCT of axe ax sin  
      Solution: 

           
Formula:

  
    dxsxxfxfFC cos2)(

0






 

    
  dxsxaxeaxeF axax

C cossin2cos
0



 


 

                              
xdxasxase ax )sin()[sin(

2
12

0

 





 

                              








 


 dxxasdxxase ax

00

)sin()[sin(
2
1


 

                             















 2222 )()(2

1
asa

as
asa

as


 

                            

















)22(

))(22(
)22

))(22
2 22

22

22

22

assa
asassa

assa
asassaa


 

                             = 










2222

23

)2()2(
24

2 assa
asaa

  
Answer: 
 

    axeF ax
C sin = 











44

22

4
2

2
2

as
saa

  



 MA8353-Transforms and Partial Differential Equations                 Unit -IV – Fourier Transforms 
 

Dept. of Mathematics                                   Mailam Engineering College Page 40 
 

SINE TRANSFORM 
                         Formula 

                               dxsxxfxfFS sin2)(
0




  

                                       dssxxfxf sin2)(
0






 

15. Find the Fourier sine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

S                                                                                                      

      Solution:        [AU  N/D 2011, N/D 2016] 

               Formula:       dxsxxfxfFS sin2)(
0






 

              dxsx
x

e
x

eF
axax

S sin2

0

 









  

                         
  dxsx

x
esF

ax

S sin2

0

 


  

                   Diff .w.r.t ‘s’ 

                         

 








 

 

dxsx
x

e
ds
d

ds
sdF ax

S sin2

0
 

                        

 








 

 

dxsx
ds
d

x
e

ds
sdF ax

S sin2

0
 

                       

    







 

 

xdxsx
x

e
ds

sdF ax
S cos2

0
 

                       

 








 




0

cos2 sxdxe
ds

sdF axS


 

                       

 










 22

2
sa

a
ds

sdFS


 

                    

 










  ds

sa
a

ds
sdFS

22

2


 

                    

 










  ds

sa
a

ds
sdFS

22

2


 

                     

 















  c

a
s

a
a

ds
sdFS 1tan12


 

                  






















 


c
a
s

x
eF

ax

S
1tan2


 

   Similarly 






















 


c
b
s

x
eF

bx

S
1tan2


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  Answer:












x
e

x
eF

bxax

S = 















 

x
eF

x
eF

bx

S

ax

S = 




























 

b
s

a
s 11 tan2tan2

  

                                     





















 

b
s

a
s 11 tantan2

  
16. Find f(x), if its sine transform is 

s
e sa

. Hence find reciprocal of 
s
1  .    

      Solution:              [A.U. N/D 2013] 

           Formula:    sxdxsFxf S sin)(2)(
0






 

                                 dssx
s

e as

sin2

0

 


                             

                Diff .w.r.t ‘x’ 

                           

 








 

 

dssx
s

e
dx
d

dx
xfd as

sin2][

0
 

                           

 








 

 

dssx
dx
d

s
e

dx
xfd sx

sin2][

0
 

                           

    







 

 

dsssx
s

e
dx

xfd as

cos2][

0
 

                           

 








 




0

cos2][ sxdse
dx

xfd as


 

                           

 










 22

2][
xa

a
dx

xfd


 

                        

 










  dx

xa
a

dx
xfd

22

2][


 

                       

 










  dx

xa
a

dx
xfd

22

2][


 

                               














 

a
x

a
axf 1tan12)(

  

         
           






















 




a
x

s
eF

ax

S
11 tan2


’=======(1) 

         To find the F.S.T of 
s
1  

           Put a=0 in (1) 





















 




0
tan2 11 x

s
eF

ax

S 
 

   Answer:                               
 

22
.2tan2 11 



















 




s
eF

ax

S
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                               SINE AND COSINE TRANSFORMS 
 

17. (1) Find the FCT of 
1

1
2 x

 (2) Find the FST of 





12x
x  

           Solution 

          
Formula:     dxsxxfxfFC cos2)(

0






 

               dxsxeeF xx
C cos2

0



 
  

                
 

1
12

2 


s
sFC   

                 
  








 



dssxxfFxf C cos)]([2

0
 

                 
  










 



dssx
s

xf cos
1

122

0
2

 

                   










 


 dssx

s
e x cos

1
12

0
2

 

               










 


 dssx

s
e x cos

1
1

2 0
2

  

               
sxdssx

s
e s 










 


 cos

1
1

2 0
2

  

      Answer:  










 


 dssx

s
e s cos

1
12

2
2

0
2




 

      















s

C e
x

F
21

1
2

  

    (2) Fourier sine transform of 
12 x

x  

        
Formula:     dxsxxfxfFs sin2)(

0






 

         dxsxeeF xx
S sin2

0



 
  

             
 

1
2

2 


s
ssFC   

              
  








 



dssxxfFxf s sin)]([2

0
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  










 



dssx
s

sxf sin
1

22

0
2

 

                     










 


 dssx

s
se x sin

1
2

0
2

 

                 











 


 xsdxsx

x
xe s sin

12 0
2

  

             Answer: 










 


 dxsx

x
xe s sin

1
2

2
2

0
2




 

             















s

S e
x

xF
212



 
 
18. Find the Fourier cosine transform  of  

22

)( xaexf   and hence find the 

Fourier   cosine transform of  2

2x

e


 and Fourier sine transform of  2

2x

xe


.                     
      Solution: 
         Formula:        [A.U. N/D 2006]

 

                       
dxeofPR

dxPofeResxdxe

sxdxesxdxe

sxdxxfxfF

isxxa

isxxaxa

xaxa

c













































22

2222

2222

2
1..

.
2
1cos

2
1

cos
2
12cos2

cos)(2)]([

0

0









 

               dxeeofPR

dx
e

eeofPR

a
sisxxaa

s

a
s

a
s

isxxa






















2
2222

2

2
2

2
2

22

4
4

4

4

2
.

2
1..





 

                              

 





 








yxdyadx

yxwhenya
isaxput

dxeeofPR a
isaxa

s

,

,2

2
.

2
2

4 2
2


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 

2
)]([

2
.

2
.

2
2

2
2

2
2

4

424

a
exfF

eofPR
a
dyeeofPR

a
s

c

a
s

y
a

s














  


 

                       Put    

22

2

)
4
1(4

2

2

22

2
2

2

][

2
12

][

2
1

sx

c

s
s

x

c

eeF

eeeF

a

















 

                  

 

][][

:
2
2

][

)]([
)]([)(

22

2

22

2
2

2

22

VariabledummyisSesxeF

Answer

se

e
ds
dxeF

ds
xfFdxxfFii

ss

s

s

ss

s

c
s


























 
















 

    

19. Prove that 
x

1
 is self reciprocal under Fourier sine transform and cosine .  

       Solution                             [AU April, 1996, 2000, M/J 2012, Apr/May 2015] 
      

     To prove: 
sx

FC
11








  

        
Formula:

  
    dxsxxfxfFC cos2)(

0






 

                           
  dxsxxxF nn

C cos2

0

11 


 


 

                          w. k. t dxxen nx



0

1  

                                                                               


ttxxadtdx
atx

,0,,0  

                                    
dtaaten nat




0

1)(  



 MA8353-Transforms and Partial Differential Equations                 Unit -IV – Fourier Transforms 
 

Dept. of Mathematics                                   Mailam Engineering College Page 45 
 

                                    
dtaten nnat




0

1)(  

                                    
dtte

a
n nat
n 






0

1)(  

                                 
isadxxe

is
n nisx

n 







0

1)(
)(

 

          

dxxsxisx
si

n n

nn








0

1))(sin(cos
)

2
sin

2
(cos 

 

          

dxxsxisx
s

in
n

n

n











0

1))(sin(cos
)

2
sin

2
(cos 

 

     
 Equating Real part 

         
dxxsxisx

s

ninn
n

n 





0

1))(sin(cos
)

2
sin

2
cos( 

 

    
            

dxxsxisx
s

in
n

n

n







0

1))(sin(cos
)

2
sin

2
cos( 

 
  Equating Real part 

                   
dxxsx

s

nn
n

n 





0

1))((cos2)
2

cos(2





 

                   )1.(..........].........[
)

2
cos(2 1


n

Cn xF
s

nn 


 

     
    Put n=1/2  in (1) 

                

][
)

22
1cos(

2
1

2 2
1

2
1 xF

s
C





 

                           

][
2

12 2
1

2
1 xF

s
C




 

                                          
][1 2

1

xF
s C  

      To prove that sine transform of 
x

1  

               
dxxsxisx

s

in
n

n

n







0

1))(sin(cos
)

2
sin

2
cos( 
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   Equating imaginary part 

                       
dxxsx

s

nn
n

n 





0

1))((sin2)
2

sin(2





 

                       
][

)
2

sin(2 1


n
Sn xF

s

nn 


======= (1) 

      
     Put n=1/2 in (1) 

                    

][
)

22
1sin(

2
1

2 2
1

2
1 xF

s
S





 

              

     Answer:         

][
2

12 2
1

2
1 xF

s
S




 

                                       
][1 2

1

xF
s S

 
20. Fourier sine transform of axe and hence find FCT of axxe     
       [AU A/M 2000, M/J 2012] 
      Solution: 

               
Formula:

      
    dxsxxfxfFs sin2)(

0






 

                      dxsxeeF axax
S sin2

0



 
  

                           
22

2
as

s



  

              ][ ax
C xeFfindTo   

                         
)]([[][ xfF

ds
dxeFpropertyby S

ax
C   

                                
][[][ ax

S
ax

C eF
ds
dxeF    

                                












22

2][
as

s
ds
dxeF ax

C 
 

                                                    
 222

22 2.2
as

ssas






 

                  Answer:  
           

 
 222

222
as
sa







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21. Find the Fourier Cosine transform of
22

)( xaexf   and hence Fourier sine    

       transform   of  
22xaxe
                            [AU A/M 2007, N/D 2010, A/M 2018]

         Solution 

        Formula: 
dxsxedxsxe

dxsxxfxfF

xaxa

c

cos
2
12cos2

cos)(2)]([

2222

0

0






















 

               

dxeofPR

dxeofPRedxsxe

isxxa

isxxaxa

























22

2222

2
1..

.
2
1cos

2
1



  

                               

 

 

2
)]([

2
.

2
.

,

,2

2
.

2
.

2
1..

2
2

2
2

2
2

2
2

2
2222

2

2
2

2
2

22

4

424

2
2

4

4
4

4

4

a
exfF

eofPR
a
dyeeofPR

yxdyadx

yxwhenya
isaxput

dxeeofPR

dxeeofPR

e

eeofPR

a
s

c

a
s

y
a

s

a
isaxa

s

a
sisxxaa

s

a
s

a
s

isxxa
































































 

          Answer:

 

2
2

2
2

22

2
2

22

4
32

4

4

224
2

2
1][

2
][

)]([
)]([

a
s

a
s

xa
s

a
s

xa
s

c
s

e
a

s
a

se
a

xeF

a
e

ds
dxeF

ds
xfFd

xxfF






















 




















 

Parseval’s identity in F.S.T and F.C.T 
FORMULA 

          (1) 



00

)]([)]([)()( dsxgFxfFdxxgxf cc  
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           (2)  



0

2

0

2 )]([)( dsxfFdxxf c  

           (3) 



0

2

0

2 )]([)( dsxfFdxxf S  

22. Evaluate 


0
2222 ))(( bxax

dx  using Fourier transforms    

       [A.U M/J 2006, N/D 2014] 
      Solution  

         By Parseval’s Identity    



00

)]([)]([)()( dsxgFxfFdxxgxf cc  …………..(1)  

 
Let axexf )(  bxexg )(  























22

0

0

2

cos2

cos)(2)]([

as
a

dxsxe

dxsxxfxfF

ax

c







 























22

0

0

2

cos2

cos)(2)]([

bs
b

dxsxe

dxsxxgxgF

bx

c







 

       





























 
 

)(
10

)(

)()(

0

)(

0 0

)(

ba

ba
e

dxedxxgxf

xba

xba

                              

]var[
)(2)()(

1

:
)(2)()(

1

)()(
121)1(

)()(
2

22)]([)]([

0
2222

0
2222

0
2222

2222

2222

iabledummyiss
baab

dx
bxax

Answer
baab

ds
bsas

ds
bsas

ab
ba

from

bsas
ab

bs
b

as
axgFxfF cc




























































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23. Evaluate 


0
22 )4)(1( xx

dx  using transforms.  [AU N/D 2010, A/M 2017] 

      Solution  

        By Parseval’s Identity,     



00

)]([)]([)()( dsxgFxfFdxxgxf cc  …………..(1) 

Let xexf )(  xexg 2)(   























22

0

0

1
12

cos2

cos)(2)]([

s

dxsxe

dxsxxfxfF

x

c







 























22

0

2

0

2
22

cos2

cos)(2)]([

s

dxsxe

dxsxxgxgF

x

c







 

 
xbabxax eeexgxf )()()(    



























 
 

)21(
10

)21(

)()(

0

)21(

0 0

)21(

x

x

e

dxedxxgxf

 

            

]var[
12)2()1(

1

)21(4)2()1(
1

)2()1(
14

21
1)1(

)2()1(
2*12

2
22

1
12)]([)]([

0
2222

0
2222

0
2222

2222

2222

iabledummyissdx
xx

ds
ss

ds
ss

from

ss

ss
xgFxfF cc


























































 

                    Answer:     
12)2()1(

1

0
2222







dx
xx  

 

24. Evaluate using transforms 


0
222 )( ax

dx  .        [A.U. M/J 2013, N/D 2013] 

       Solution   
                By Parseval’s Identity           

                                     



0

2

0

2 )]([)( dsxfFdxxf c   
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          Let axexf )(  























22

0

0

2

cos2

cos)(2)]([

as
a

dxsxe

dxsxxfxfF

ax

c







 

                    

a

a
e

dxedxxf

ax

ax

2
1

2

)(

0

2

0

2
2

0


























  

                 




0

2

0

2 )]([)( dsxfFdxxf c  

                
ds

as
a

a

2

22
0

2
2
1

























 




 

                   3
0

222 4aas
ds 







 

      
Answer:   3

0
222 4aax

dx 






 

25. Evaluate using transforms  


0
222

2

)( ax
dxx  .   [A.U. N/D.2009] 

       Solution   
                By Parseval’s Identity          

                     



0

2

0

2 )]([)( dsxfFdxxf s  ………….. (1)   

          Let axexf )(  























22

0

0

2

sin2

sin)(2)]([

as
s

dxsxe

dxsxxfxfF

ax

s






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a

a
e

dxedxxf

ax

ax

2
1

2

)(

0

2

0

2
2

0


























  

                       




0

2

0

2 )]([)( dsxfFdxxf s  

                             
ds

as
s

a

2

22
0

2
2
1































 

                      aas
dss

40
222

2 






 

             
Answer:  

   aax
dxx

40
222

2 






 
26. State and Prove Convolution theorem. 
      Statement:  
         The fourier transform of the convolution of f(x) and g(x) is equal to the 
poduct of   their Fourier transforms. 

 
              (i.e.,)   )]([)]([)](*)([ xgFxfFxgxfF            

                  
    
 
  Proof:   
         Formula: 

              
dxsxedxsxe

dxsxxfxfF

xaxa

c

cos
2
12cos2

cos)(2)]([

2222

0

0























      




 dxexfxfFsF isx

2
1  

           
     





 dxexgxfxgxfFsF isx)](*)([
2
1)(*


 

                                               
 








 dxedttxgtf isx])()([
2
1

2
1

  

                                               
 
























 dtdxetxgtf isx])()([

2
1

2
1


 

            By changing order of integration, we get 
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 
























 dtdxetxgtf isx ])([)(

2
1

2
1


 

                                              
 
































 dtdxetxgtf isx ])([

2
1)(

2
1


 

                                              

















 





dttftxgF )(])]([[
2
1


 

                                              
















 





dtsGetf ist )()(
2
1


  By property 

                                              )().(

)(
2
1)(

sFsG

dtetfsG ist



















 



  

                    )]([)]([)](*)([ xgFxfFxgxfF   
 
 
27. State and Prove Parseval’s Identity.                       [ A.U.  2010, M/J 2012] 
      STATEMENT: 

       If F(S) is the Fourier transform of f(x), then dssFdxxf 









22 )()(  

      Proof:    
               By convolution Theorem  
                      ][.][)](*)([ SGSFxgxfF   
                          )]().([)](*)([ 1 sGsFFxgxf   

       
dsesGsFdttftxg isx








 







 )().(
2
1)()(

2
1


 

                       Put x=0, we get   

           
dssGsFdttgtf )()(

2
1)()(

2
1





























………………..(1) 

                                      )()(

)()(

sFsG

tftg




 

                    
dssFsFdttftf )()()()()1( 









  

                                  
dssFdttf 










22 )()(

 

  Answer:                   dssFdxxf 








 22 )()(
 

  
28. Find the Fourier Cosine and Sine transform of   0,   aexf ax

  and hence 
deduce  the inversion formula   (OR)   Find the Fourier Cosine and Sine 



 MA8353-Transforms and Partial Differential Equations                 Unit -IV – Fourier Transforms 
 

Dept. of Mathematics                                   Mailam Engineering College Page 53 
 

transform of   0,0,   xaexf ax
  . Hence deduce   integrals ds

as
sx




0
22

cos
 and 

ds
as
sxs




0
22

sin
                                                              [A.U N/D 2012. MAY - 2016] 

      Solution: 

            Formula:    



0

cos)(2)( xdxxfxfFc   

                  









 







22
00

coscos2
ba

abxdxexdxeeF axaxax
c 

  

                    22

2
as

a





 

       Using inversion formula, 

                 



0

cos2)( sxdseFxf ax
C  

                           











0
22 cos22 sxds

sa
a

  

                           ds
as
sxa







0
22

cos2
  

   
0,

2

)(
2

cos

0
22












ae
a

xf
a

ds
as
sx

ax



 

    



0

sin)(2)( xdxxfxfFS   

                  









 







22
00

sinsin2
ba

bbxdxesxdxeeF axaxax
S 

  

                    22

2
as

s





 

  
 Using inversion formula, 

                 



0

sin2)( sxdseFxf ax
S  
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                           











0
22 sin22 sxds

sa
s

  

                           ds
as
sxs







0
22

sin2
  

 Answer:              
0,

2

)(
2

sin

0
22












ae

xfds
as
sxs

ax



 

29. Verify convolution theorem for 
2

)()( xexgxf    [A.U. M/J 2013,NOV 2015] 
      Solution. 
                   )()()()( xgFxfFxgxfF   

                 Given:  
2

)()( xexgxf   

          Formula:,   dxexfxfF isx



 )(

2
1)(


 

                        
  dxeeeF isxxx 





 
22

2
1


 

                                         dxe isxx





2

2
1


 

                                       dxe
sisx
























 


42

22

2
1


 

                                   dxee
sisx












 

 42

22

2
1


 

                                    dxeeeF
isxs

x 










 












22

2 24

2
1


 

         




txdxdt

txisxtput
2  

                                            dtee t
s


















2

2

2
14


 

                                              dtee t
s
















0

4
2

2

2
2
1


 

       


utdudtt
ututput

2
002

 

             du
t

dt
2
1

  
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                  du
u

dt
2

1
  

                                              
           

2
12

2
1

0

4

2

du
u

ee u
s

















 

                    
           

2
1 2

1

0

4

2

duuee u
s

















 

                    





















 


dttee t
s

2
1

0

4          
2
1

2

  

                             4

2

2
1)}({

s

exfF


  

           

)1(
2
1

2
1

2
1)}({)}.({

2
1)}({)}({

244

4

222

2






























sss

s

eeexgFxfF

exgFxfF

 

           By convolution definition, 

                            

  dueee

dueeee

duuxgufxgxf

uuxxx

uxuxx





























2222

2222

2
1*

2
1*

)()(
2
1)(*)(







 

              
dueeee

dueeee

dueee

xu
x

xx

xxu
xx

xxu
xx

















 















 

























 









2
2

22

22

22

22

22

2
22

22
2

42
2

2
*

2
1*

2
1*







 

     



tududt

tuxutput
2  

 

dteeee

dteeee

t

x

xx

t

x

xx


























0

2
2

2
2

2

2

22

2

2

22

2
2

*

2
*




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          y
dydt

ytdytdt
ytytput

2

2
002






 

dteeee t

x

xx 








 
2

2

22 2
2

2
*


 

y
dyeeee y

x

xx

2
2

2
*

0

2
2

2

22








 


 

          

dyyeeee y

x

xx 2
1

0

2
2

2
*

2

22 






 


 

          
2

2
1

0

2
2

2

22

2

22

2
1*

222
*

x
xx

y

x

xx

eee

dyyeeee






















 





 

 



























22

22

2
1

2
1)(*)(

xx

eFeFxgxfF  

We know that  2

2x

e


 is self reciprocal under Fourier transform. 
 

Answer:            

  )2(
2
1)(*)( 2

22

2

22




















s

sx

exgxfF

eeF



 

we conclude that (1)=(2) 

              Hence convolution theorem is verified. 

 

30. Express the function  








10
11

xfor
xfor

xf  as a Fourier Integral. Hence 

evaluate   


 dx



0

cossin  and find the value of 

d



0

sin          [A U, April, 2001] 

      Solution.  
             Formula for f(x) is  

      sddtetfxf xtsi 








 )(

2
1


  

  sdesFxf isx




 )(
2
1


  .. (1) 
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  xdexfxfFsF isx




 )(
2
1}{)(


  ----  (2) 

 

        Here  


 


otherwise

x
xf

0
11,1

 

 (2)    



1

1

)1(
2
1}{ dxexfF isx


 

                  dxsxisx



1

1

]sin[cos
2
1
  

                          dxsx
1

0

cos
2
2
   

                                        dxsx
1

0

cos2
   

 

       

1

0

sin2






s
sx

  







s
ssin2

  

  




 dse
s

sxf isxsin/2
2
1)1( 


 

                   dssxisx
s

s





 ]sin[cossin1
  

                   dssx
s

s




0

cossin2
          

iabledummyissdxxf varcossin2)(
0





 


   



 dxxf 




0

cossin)(
2  

 

           













10

1
2

cossin

0 xfor

xfordx 




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 Answer:            Putting x = 0   we get 2
sin

0








d  

31. Find the Fourier sine integral representation of the function f(x) = xxe sin    
Solution :        [AU. NOV – 2015] 
Given  f(x) =  xxe sin   

Formula: Fourier Sine Integral 

 dtdssxsttfxf  
 


0 0

sinsin)(2)(
  

dxsxxfSsFanddssxSsFxf 






0

sin)(2)(
0

sin)(2)(
  

To find : )(SsF  

dxsxxfSsF 



0

sin)(2)(


 

dxsxxxeSsF 
 
0

sinsin2)(


 

dxxsxsxeSsF 



0

})1cos()1{cos(
2
12)(


        {

xsxssxx )1cos()1(cos(
2
1sinsin   

dxxsxexdxsxeSsF 



 

0
})1cos(

02
1)1cos(

2
1)(



 










 















 



 0))1sin()1()1cos(.1(2)1(12

1
0))1sin()1()1cos(.1(2)1(12

1 xssxs
s

xexssxs
s

xe


 

 




































































































0)1sin()1(0)1cos(.1(
2)1(1

0

2
1)1sin()1()1cos(.1(2)1(12

1

)0)1sin()1(0)1cos(.1(
2)1(1

0

2
1))1sin()1()1cos(.1(2)1(12

1

sss
s

esss
s

e

sss
s

esss
s

e

































 1
)1(1

10
2
11

)1(1
10

2
1

22 ss 
    

00sin10cos,0sin,0,0  andCose  














 22 )1(1
1

)1(1
1

2
1

ss
 













))1(1)()1(1(

))1(1())1(1(
2
1

22

22

ss
ss


     












)4(

4
2
1

4s
s


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











)4(

422)( 4s
sSFs 

 

dssxSsFxf 



0

sin)(2)(


 

dssx
s
sxxe 




















0
sin

)44(

4222sin


 

dssx
s
sxxe 














0

sin
)4(

44sin 4
 

xxedssx
s

s sin
160

sin
)4( 4














  

Put S = λ 

Answer: xxedx sin
160

sin
)4( 4
















  

 
32. Find the Fourier sine and cosine transforms of a function ( ) xf x e . Using 

Parseval’s identity, evaluate: (1) 2 2
0 ( 1)

dx
x



 and (2)
  

2

2 2
0 ( 1)

x dx
x




      

[AU N/D 2017] 

    Solution: 
    Given: ( ) xf x e   
 Fourier cosine transform 

   Formula: 
0

2 cosax ax
cF e e sxdx




       

                     



0

cos)(2)( sxdxxfxfFc   

                    
0

2 cosx x
cF e e sxdx




        

 

        
0

2 cosx x
cF e e sxdx




       

 

             2

2 1
1s

    
 

  Fourier sine transform   

   Formula:   


 
0

sin2 sxdxeeF axax
s              
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0

2 sinx x
sF e e sxdx




       

 

                        2

2
1

s
s
    

 

 
            (1) By Parseval’s Identity           

                                     



0

2

0

2 )]([)( dsxfFdxxf c   

 
 

          Let ( ) xf x e  

0

0

2

2[ ( )] ( ) cos

2 cos

2 1
1

c

x

F f x f x sx dx

e sx dx

s
















    



  

                    

2
2

0 0

2

0

( )

2
1
2

x

x

f x dx e dx

e

 






 
   



 

  

                 




0

2

0

2 )]([)( dsxfFdxxf c  

                

2

2
0

1 2 1
2 1

ds
s

               
  

                  22
0 41

ds

s






  

 
                (2) By Parseval’s Identity          

                     



0

2

0

2 )]([)( dsxfFdxxf s  ………….. (1)   

          Let ( ) xf x e  
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0

0

2

2[ ( )] ( ) sin

2 sin

2
1

s

x

F f x f x sx dx

e sx dx

s
s
















    



  

                      

2
2

0 0

2

0

( )

2
1
2

x

x

f x dx e dx

e

 






 
   



 

  

                       




0

2

0

2 )]([)( dsxfFdxxf s  

                             

2

2
0

1 2
2 1

s ds
s

               
  

                     
2

22
0 41

s ds

s







 

             
Result: (1)

 22
0 41

ds

s






   

                           (2)
  

2

22
0 41

x dx

x







 

 
33.If Fs(s) and Fc(s) denote the Fourier sine and cosine transform of a function      
     f(x) respectively, then show that                                                     [AU N/D 2017] 

              1sin
2s c cF f x ax F s a F s a         

  
 

          Solution: 

        
0

2sin sinax sinsF f x ax f x sxdx




                                           

                                         
0

2 1 cos cos
2

f x s a x s a x dx


 
      

 
  

                              
0 0

1 2 cos cos
2

f x s a xdx f x s a xdx


  
    

 
                                        
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                              
0 0

1 2 2cos cos
2

f x s a xdx f x s a xdx
 

  
    

 
 

 sinsF f x ax      1
2 c cF s a F s a       
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ANNA UNIVERSITY QUESTIONS 

1. Find the Fourier Transform of  








0,0

,
axfor

axforxa
xf  hence deduce that      












0

2

2
sin dt

t
t

 ,     










0

4

3
sin dt

t
t

              [AU N/D 1996]  [P.NO: 21] 

2. Find the Fourier Transform of  








1,0
1,1

xfor
xforx

xf  hence deduce that 












0

2

2
sin dt

t
t  , 











0

4

3
sin dt

t
t   

                [AU N/D 2014, N/D 2015, A/M 2016, N/D 2016] [P.NO: 23] 
3.  Find the Fourier transform of the function f(x) defined by 

  








00

22

xif
axifxa

xf  

     Hence deduce that 
4

cossin

0
3








dt
t

ttt  . Using Parseval’s Identity show that      

      
15

cossin

0

2

3








 



dt
t

ttt  [A.U. April, 1996, 2000, N/D 2012,2013] [P.NO: 25]  

4.Find the Fourier transform of the function f(x) defined by   








10
11 2

xif
xifx

xf         

     and hence deduce that  (i) 










0
3 16

3
2

coscossin dss
s

sss   

      (ii) dt
t

ttt









 


0

2

3

cossin
15
 [AU A/M 2000, N/D 2013]  [P.NO: 26] 

5. Find the Fourier transform of )(xf  is given by 








0,0

,1
)(

axfor
axfor

xf  

    and hence  deduce that 



0 2

sin)( dt
t

ti  and 
2

sin)(
0

2 











dt
t

tii .       

                                            [AU M/J 2011, 2013, A/M 2015]  [P.NO: 28] 

6. Find the Fourier transform of )(xf  is given by 








2,0
2,1

)(
xfor
xfor

xf  

    and hence  evaluate 


0

sin dt
t

t  and 










0

2sin dt
t

t
.       

                                                     [AU A/M 2017]  [P.NO: 30] 

7. Show that the Fourier Transform of 2

2x

e


 is 2

2s

e


   

   (OR) Show that  2

2x

e


 is  self – reciprocal with respect to Fourier Transform.      
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   (OR) Find  the Fourier transform  of 2

2x

e


[AU M/J 2013,A/M 2016] [P.NO: 32]  

8.  Find the Fourier Transform of 
22xae

. Hence show that  2

2x

e


 is self –  
     reciprocal with respect to Fourier Transform.       
         [AU  M/J 2000,  N/D 2014, A/M 2015, N/D 2016] [P.NO: 33] 

 9.  Show that the Fourier   cosine Transform of 
22xae

 (OR)  Show that  2

2x

e


   
      is self – reciprocal with respect to Fourier Transform.     
                               [AU N/D 1996,2012 M/J 2000, A/M 2017]  [P.NO: 34] 

10.  Show that the Fourier cosine   Transform of 2

2x

e


 is 2

2s

e


  (OR) Show that    

         2

2x

e


 is  self –reciprocal with respect to Fourier Transform.   
     [A.U. N/D 1996, M/J - 2000] [P.NO: 35] 

11.  Find the Fourier cosine transform of 
2xe

[A.U. N / D 2004] [P.NO: 36] 

12. Find the Fourier cosine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

C  

                                                                             [AU NOV 2015] [P.NO: 37]   
13.  Find the FCT of axe ax cos

   [P.NO: 38] 
14. Find the FCT of axe ax sin

    [P.NO: 39] 

15. Find the Fourier sine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

S                                                                  

                     [AU  N/D 2011, N/D 2016] [P.NO: 40] 

16. Find f(x), if its sine transform is 
s

e sa

. Hence find reciprocal of 
s
1  .    

                                                                [A.U. N/D 2013] [P.NO: 41] 

17. (1) Find the FCT of 
1

1
2 x

 (2) Find the FST of 





12x
x [P.NO: 42] 

18. Find the Fourier cosine transform  of  
22

)( xaexf   and hence find the Fourier     

      cosine transform of  2

2x

e


 and Fourier sine transform of  2

2x

xe


.    [P.NO: 43]                 

19. Prove that 
x

1
 is self reciprocal under Fourier sine transform and cosine .  

                           [AU April, 1996, 2000, M/J 2012, Apr/May 2015] [P.NO: 44] 
      
20. Fourier sine transform of axe and hence find FCT of axxe     
     [AU A/M 2000, M/J 2012] [P.NO: 46] 
21. Find the Fourier Cosine transform of

22

)( xaexf   and hence Fourier sine   

      transform   of  
22 xaxe
               [A.U. A/M, 2007, N/D 2010] [P.NO: 47] 
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22. Evaluate 


0
2222 ))(( bxax

dx
 using Fourier transforms    

     [A.U M/J 2006, N/D 2014] [P.NO: 48] 

23. Evaluate 


0
22 )4)(1( xx

dx
 using transforms. 

                                                            [AU N/D 2010, A/M 2017[P.NO: 49]] 

24. Evaluate using transforms 


0
222 )( ax

dx [A.U. M/J 2013, N/D 2013] [P.NO: 49] 

25. Evaluate using transforms  


0
222

2

)( ax
dxx  .[A.U. N/D.2009] [P.NO: 50] 

26. State and Prove Convolution theorem.  [P.NO: 51]  
 

27. State and Prove Parseval’s Identity.      [A.U. 2010, M/J 2012] [P.NO: 52] 
28. Find the Fourier Cosine and Sine transform of   0,   aexf ax

  and hence   
      deduce  the inversion formula   (OR)   Find the Fourier Cosine and Sine transform    

       of   0,0,   xaexf ax
  . Hence deduce   integrals ds

as
sx




0
22

cos
 and   

      ds
as
sxs




0
22

sin
                                   [AU N/D 2012 A/M 2016][P.NO: 52]  

29. Verify convolution theorem for 
2

)()( xexgxf     
                                                        [A.U. M/J 2013,NOV 2015] [P.NO: 54] 

30. Express the function  








10
11

xfor
xfor

xf  as a Fourier Integral. Hence evaluate     

      


 dx



0

cossin  and find the value of 

d



0

sin [AU April, 2001] [P.NO: 56] 

31. Find the Fourier sine integral representation of the function f(x) = xxe sin    
      [AU. NOV – 2015][P.NO: 58] 
32. Find the Fourier sine and cosine transforms of a function ( ) xf x e . Using     

     Parseval’s identity, evaluate: (1) 2 2
0 ( 1)

dx
x



 and (2)
  

2

2 2
0 ( 1)

x dx
x




     

     [AU N/D 2017] [P.NO: 59] 
 
33.If Fs(s) and Fc(s) denote the Fourier sine and cosine transform of a function      
     f(x) respectively, then show that                                                      

              1sin
2s c cF f x ax F s a F s a         

  
[AU N/D 2017] [P.NO:61] 
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Important Questions 
        PART-A 
 

 
1. State Fourier integral theorem        
              [A.U. April 1996, April/May 2005, May-2016] 
2. Show that    xxf 0,1  cannot be represented by a Fourier   integral. 
                                                        [A.U. April/May 2003] 
3. Define Fourier Transform pair.     [A U March, 1996] 
4. What is the Fourier cosine transform of a function. (or) 
     Write down the  Fourier cosine transform pair of formulae. [AU O/N 1996] 

5. Find the Fourier cosine transform of 0,  ae ax
  [A U, April, 2001] 

6. Find the Fourier cosine transform of xe 3  

7. Find the Fourier sine transform of xe 3               [A U, Nov / Dec 1996, M/J 2013] 

8. Find the Fourier Sine transform of  
x
1       [AU A/M 2015, N/D 2016, A/M 2017] 

9. Define Fourier sine transform and its inversion formula.       [AU A/M 2004] 
10. Find the Fourier sine transform of f(x) = e-x and  hence deduce that      

         



0

2 21
sin medx

x
mxx 

    [A U, March, 1998, 1999 & 2000] 

11. Find  ax
c xeF   and  ax

s xeF 
 

12. Show that the Fourier sine transforms of 2/2xxe  is self reciprocal.  
                                                        [A U, March, 1996] 

13. If Fourier transform of f(x) is F(s), prove that the Fourier transform of f(x) axcos  

is     asFasF 
2
1    [AU April, 2001, Nov/Dec 2014] (or) 

      State and Prove Modulation Theorem. 

14. Prove that        asFasFaxxfF CCC 
2
1cos  where Fc denotes the Fourier      

      cosine transform f(x).            [AU A/M 2001]  
15. If F(s) is the complex Fourier transform of f(x) then find   axF   
                                                                                                                 [AU A/M 2000] 

16. Given that 
2/2xe

 is self reciprocal under Fourier cosine transform, find (i) 
Fourier sine transform of  and (ii) Fourier cosine transform of 

2/2 2xex 
                        [A U, DEC 1996] 

17. If  sFc  is the Fourier cosine transform of f(x), Prove that the Fourier cosine     

       transform of f(ax) is 





a
sF

a c
1  

18. If F(s) is the Fourier transform of f(x), then find the Fourier transform of      
       f(x-a).           (or) State and prove shifting theorem. 
         (or) If the Fourier Transform of f(x) is F[f(x)] = F(s), then show that  
                 F[f(x-a)] =eiasF(S)                            [AU N/D 2013, A/M 2015, A/M 2017] 

2/2xxe
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19. If Fs(s) is the Fourier sine transform of f(x),  

        show that         asFasFaxxfF sss 
2
1cos  

20. State the convolution theorem for Fourier transforms.      
(or) 

       State the Faltung theorem.                      [A.U. April / May 2003, May 200 PT] 
 

21. Find the Fourier transform of 








axin
axin

xf
0
1

)(
 

22. Find the Fourier cosine transform of  








axif

axifx
xf

0
0cos

)(  

23. Find the Fourier Cosine transform of xx ee   32  

24. Find Fourier Cosine transform of xe . 
25. If Fourier transform of )()( sFxf  then what is Fourier transform of )(axf  

(OR) If F(s) is the fourier transforms of f(x), Prove that   







a
sF

a
axfF 1)(   (or)    

State and Prove a Change of scale property.                             
                                                                        [AU M/J 2013, N/D 2015, N/D 2016] 
26. If F denotes the Fourier transform operator then show that         

                    sF
ds
dixfxF n

n
nn )()(   

27. If F(s) is the Fourier transform of )(xf , show that the Fourier transform of    
        )()( asFisxfe iax  .                                                          [AU Nov/Dec 2014] 

28. Find  







)(xf

dx
dF n

n

 

29.  State Parseval’s Identity for Fourier transform. 

30. Find the Fourier transform of  








bxandax
bxaexf

ikx

0
,)(  

31. State the Fourier transform of the derivatives of a function.   (OR)   Find the     
      Fourier  transform of a derivative of the function f(x) if f(x)  → 0 as x  → ±∞   

[AU  N/D 2005, M/J -2016] 
32. Find the Fourier sine transform of xe                                   [AU M /J 2006] 
33. Find the Fourier Cosine transform of of )(xf defined as         [AU N /D 2006] 

         














20
212

10
)(

xfor
xforx

xforx
xf  

34. Find the Fourier sine transform of       [AU N/D 2007] 
35. State inverse theorem for complex Fourier transform. 

  0,   aexf ax
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36. Find the function )(xf  whose sine transform is ase  .       [AU M/J 2010 ] 

37. Find the Fourier cosine transform of xe 2              [AU N/D 2010] 

38. Prove that    )()( sF
ds
dxxfF CS                                        [AU A/M 2011] 

39. Define the Fourier sine and Cosine transform of )(xf . 

40. Find the Fourier transform of xe  , 0 .                             [AU N/D 2012] 

41. Find the Fourier sine transform of x
ee bxax  

 

42. Find the Fourier sine transform of 22 ax
x
  

43. Find the Fourier Cosine transform of xx ee 52 25    

44. If  








ax

axx
xf

0
0sin

)(  , Find the Sine transform. 

45. Find the function )(xf  whose sine transform is 
s

e as

. 

46. Define self reciprocal with respect to Fourier Transform.          [AU N/D 2013] 
47. State Convolution theorem.                                                            [AU N/D 2012] 

48. Evaluate 


0
2222

2

))(( bsas
dss

 using Fourier transforms      [A.U  N/D 2015]  

 
 
 PART-B 

1. Find the Fourier Transform of  








0,0

,
axfor

axforxa
xf  hence deduce that      












0

2

2
sin dt

t
t

 ,     










0

4

3
sin dt

t
t

              [AU Nov / Dec, 1996] 

2. Find the Fourier Transform of  








1,0
1,1

xfor
xforx

xf  hence deduce that 












0

2

2
sin dt

t
t  , 











0

4

3
sin dt

t
t  [AU N/D 2014, N/D 2015, A/M 2016, N/D 2016] 

3.  Find the Fourier transform of the function f(x) defined by 

  








00

22

xif
axifxa

xf  

     Hence deduce that 
4

cossin

0
3








dt
t

ttt  . Using Parseval’s Identity show that      

      
15

cossin

0

2

3








 



dt
t

ttt  .            [A.U. April, 1996, 2000, N/D 2012,2013] 
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4.Find the Fourier transform of the function f(x) defined by   








10
11 2

xif
xifx

xf         

     and hence deduce that  (i) 










0
3 16

3
2

coscossin dss
s

sss   

                                            (ii) dt
t

ttt









 


0

2

3

cossin
15
 [AU A/M 2000, N/D 2013] 

5. Find the Fourier transform of )(xf  is given by 








0,0

,1
)(

axfor
axfor

xf  

    and hence  deduce that 



0 2

sin)( dt
t

ti  and 
2

sin)(
0

2 











dt
t

tii .       

                                                     [AU M/J 2011, 2013, A/M 2015] 

6. Find the Fourier transform of )(xf  is given by 








2,0
2,1

)(
xfor
xfor

xf  

    and hence  evaluate 


0

sin dt
t

t  and 










0

2sin dt
t

t
.       

                                               [AU  A/M 2017] 

7. (a)Show that the Fourier Transform of 2

2x

e


 is 2

2s

e


   

       (OR) Show that  2

2x

e


 is  self – reciprocal with respect to Fourier Transform.      

       (OR) Find  the Fourier transform  of 2

2x

e


      [AU M/J 2013,MAY-2016]  

    (b)Find the Fourier Transform of 
22xae

. Hence show that  2

2x

e


 is self –  
         reciprocal with respect to Fourier Transform.       
                           [AU  M/J 2000,  N/D 2014, A/M 2015, N/D 2016]  

 8.(a).Show that the Fourier   cosine Transform of 
22xae

 (OR)  Show that  2

2x

e


   
      is self – reciprocal with respect to Fourier Transform.     
    [AU N/D 1996,2012 M/J 2000, A/M 2017] 

    (b)  Show that the Fourier cosine   Transform of 2

2x

e


 is 2

2s

e


  (OR) Show that    

         2

2x

e


 is  self –reciprocal with respect to Fourier Transform.   
        [A.U. N/D 1996, M/J - 2000] 

9(a)  Find the Fourier cosine transform of 
2xe

                [A.U. N / D 2004] 

  (b) Find the Fourier cosine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

C  

                                                                                                         [AU NOV 2015]  
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10(a).  Find the FCT of axe ax cos  
     (b) Find the FCT of axe ax sin  

11(a) Find the Fourier sine transform of 
x

e ax

 and hence find 











x
e

x
eF

bxax

S                                                                                                      

                                 [AU  N/D 2011, N/D 2016] 

   (b) Find f(x), if its sine transform is 
s

e sa

. Hence find reciprocal of 
s
1  .    

                             [A.U. N/D 2013] 

12. (a)(1) Find the FCT of 
1

1
2 x

 (2) Find the FST of 





12x
x  

     (b) Find the Fourier cosine transform  of  
22

)( xaexf   and hence find the Fourier     

           cosine transform of  2

2x

e


 and Fourier sine transform of  2

2x

xe


.                     

13(a). Prove that 
x

1
 is self reciprocal under Fourier sine transform and cosine .  

                                         [AU April, 1996, 2000, M/J 2012, Apr/May 2015] 
      
    (b) Fourier sine transform of axe and hence find FCT of axxe     
       [AU A/M 2000, M/J 2012] 
14(a). Find the Fourier Cosine transform of

22

)( xaexf   and hence Fourier sine   

         transform   of  
22xaxe
                                              [A.U. A/M, 2007, N/D 2010]

 
   (b). Evaluate 



0
2222 ))(( bxax

dx
 using Fourier transforms    

       [A.U M/J 2006, N/D 2014] 

15(a). Evaluate 


0
22 )4)(1( xx

dx
 using transforms. [AU N/D 2010, A/M 2017] 

    (b). Evaluate using transforms 


0
222 )( ax

dx  .        [A.U. M/J 2013, N/D 2013] 

16(a). Evaluate using transforms  


0
222

2

)( ax
dxx  .   [A.U. N/D.2009] 

    (b) State and Prove Convolution theorem. 
 
17(a). State and Prove Parseval’s Identity.                       [ A.U.  2010, M/J 2012] 
    (b) Find the Fourier Cosine and Sine transform of   0,   aexf ax

  and hence   
      deduce  the inversion formula   (OR)   Find the Fourier Cosine and Sine transform    

       of   0,0,   xaexf ax
  . Hence deduce   integrals ds

as
sx




0
22

cos
 and   

      ds
as
sxs




0
22

sin
                                                              [AU N/D 2012 A/M 2016] 
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18(a).Verify convolution theorem for 
2

)()( xexgxf    [A.U. M/J 2013,NOV 2015] 

    (b). Express the function  








10
11

xfor
xfor

xf  as a Fourier Integral. Hence evaluate     

      


 dx



0

cossin  and find the value of 

d



0

sin          [A U, April, 2001] 

19.Find the Fourier sine integral representation of the function f(x) = xxe sin    
        [AU. NOV – 2015] 
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UNIT –V 
Z-TRANSFORM AND DIFFERENCE EQUATIONS 

    
PART   -A 

1. Define Z - transform                                         [AU A/M 2009, 2007]   
    Solution: 
                 Let {f (n)} be a sequence defined for n =0, ±1, ± 2……, then 
      Z- transform is defined as 

           





-n

n-f(n)z (n)} {f   Z    , (z → a complex number) 

        This is called two sided or bilateral   Z- transform    
   Definition:    

             






0n

n-f(n)z (n)} {f   Z  (z → a complex number) 

                              (Z) F =  
   This is called one sided Z - transform    
Definition:  Z - transform    for discrete values of ‘t’ 
 
        If f (t) is defined for discrete value of‘t’ where t = nT, n=0, 1, 2, 3,…T being the      
  sampling , then   

                     






0n

n-f(nT)z (t)} {f   Z
  

                                   (Z) F =   
 

  2. Prove that  
az

zaZ n


  

       Solution:                                    [AU M/J 2005, 2009, 2017] 

                 





0

)()]([
n

nznfnfZ  

                 n

n

nn zaaZ 





0

)}{(                    

                                











0

n

z
a

n
 

                                ...1
2









z
a

z
a  

                               



 






  



z
axHerexxx

z
a ...1)1(1 21

1

  

                                

z
a




1

1  

                                

z
az 

1  
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az

z


  

                     
az

zaZ n




 
 
 3. Find )(nZ   (or) Find the Z-transform of {n}      [AU N/D 2010, A/M 2018, 2000, 2013] 
      Solution: 

                      





0

)()]([
n

nznfnfZ                 

                           





0

)(
n

nnznZ  

                                      





0n

nz
n

 
                                    ...321

32 
zzz

 

                                    



 ....+ 

z
3+   

z
2 +1 

 z
1  = 2  

                                    
2

 z
11

 z
1 







   

                                   

2

 z
11

1
 z
1




















          

11.,.1

1....321)1( 22



 

z
ei

z
xHere

xifxxx

 

                           

                                   2

2

)1(
.1




z
z

z
 

                       2)1(
)(




z
znZ       

4. Find Z{f(n)} if 







0n, 0
0n,n

  =   f(n)                       [AU N/D 2008, M/J 2007] 
    Solution: 

               






-n

n-f(n)z (n)} {f   Z   

                                 





0n

nnz           0n,n f(n)   

                                    21)-(z
z   =

 
 

5.  Find 







n!
a n

Z   in    Z- transform                                     [AU N/D -2005] 

      Solution: 
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                  





-n

n-f(n)z (n)} {f   Z        

                     







n!
a n

Z  





0 !n

n

n
a                          ൤݂(݊) = ൜ܽ

௡, ݊ ≥ 0
0,     ൨݁ݏ݅ݓݎℎ݁ݐ݋

                                    















0

1-

!
az

n

n

n
    

                                  ....
!2
)(

!1
1

211


 azaz  

1

2

...
!2!1

1





azxHere

xxe x
 

                                  
1

 aze   

                                  z
a

e  

6. Find       ]Z[a |n|                     [AU N/D 2010, A/M 2002, 2009]   
    Solution: 

                





-n

n-f(n)z (n)} {f  Z                                  

                                 
n

n

n za 



  

                                	     z a+   z a
0

n -n
-1

-n

n-(-n) 





n

     

                                   















0n

n1

-n

n- az a
z

                  
),0(

)1,(:





nn

nnformula
 

                                   







 ....1...)( 2

2
2

z
a

z
aazaz      

                                  


















 ....1...)(1

2
2

z
a

z
aazazaz  

                                
1

1 1)1(


 





 

z
aazaz

                   z
axandazHerex

xxx



  ...1)1( 21
          

                                

z
aaz

az






1

1
1

1         

                                

z
azaz

az






1

1
    

                               
az

z
az

az






1

 

                               
))(1(

)1()(
azaz

zazazaz



  
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))(1(

222

azaz
azzzaaz




  

                               
))(1(

2

azaz
zaz





 
 
7. Find      1-Z n                                                  [AU M/J 2005, 2010] 
    Solution: 

                     
az

Z



1a n  

              
)1(

1)1(



z

z n                   1aHere  

                               
1

1



z  

 
8.  Find    aneZ                                                           [AU M/J 2007, 2008] 
     Solution: 

                      
az

az n




1)(  

               
)(

1)( a
na

ez
ez 





 
 
9.  Find Z[t] 
     Solution: 

                





0n

n-f(n)z (n)} {f  Z    

                        





n

nznTtZ                










nTtplace

ttf
Re

)(
    

                              






0n

nnzT    

                               Z[n]T =  

                              2)1( 


z
zT                            










 2)1(
)(

z
znz  

              2)1( 


z
TztZ

 
 
10.  Find ][a Z 1-n  
       Solution:  
               nn aaZaZ .11    
                          naZa 1  

                         
aZ

Za


  .1   

                         
aZ

Z
a 

 .1
 



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 5 
 

 

11. Find 







1)+n(n

1  Z  

       Solution:                 [AU M/J 2016, N/D 2016] 

                 Let ..(1)…              
1+n

  B    +  
n 
A  =     

1)+n(n
1      

     
                                       B(n)1)A(n1   

                 
-1=B        -1,=n        
1=A        , 0=nPut   

               

                             
  1+n

 1 - 
n 

 1  = 
1)+n(n

1  

                      





















1)+(n

1  
n
1  Z

1)+n(n
1  Z Z

 

                                            









1-z
z  log

1-z
z  log z  

                                            





1-z
zz)log-(1

 
 
12. Find Zቂ࢙࢔࢏ ࣊࢔

૛
ቃ  and Zቂ࢙࢕ࢉ ࣊࢔

૛
ቃ                                      [AU N/D 2009, M/J 2007, ‘16] 

       Solution:  

                 
) 1+cos z 2 - z (

 )sin (z  = nsin  Z 2 θ
θθ

       
 

) 1+cos z 2 - z (
 )cos- z(z  = n cos Z 2 

  

                     Put  ߠ = 	గ
ଶ
   

             ) 1+
2

cos z 2 - z (

 )
2

sin (z
  = 

2
nsin  Z

2 









       
) 1+

2
cos z 2 - z (

 
2

cos- zz
  = 

2
n cos Z

2 
















  

                                 
 1z

 z  = 2                                                1z
 z  = 2

2


 

                               
13. Find ][ batez    
      Solution: 

                 at
at

ez
zeZ


][  

                ].[][ atbbat eeZez 
 

 

                               =  ݁௕ 		 Z[݁௔௧]  at
b

ez
ze


    

14.  Find Z [ࢋ૜࢚ା૛]                                                                [AU N/D 2008 , M/J 2007] 
       Solution: 

                     at
at

ez
zeZ


][    
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                                ].[ 32 teeZ  

                                tez
ze 3

2




 
 
15. State and Prove first shifting theorem   
             If      (Z) F=    (t)] [f Z , then     ][)](Z[e-at atzeFtf   
       Proof: 

                nznfZ 





0n

f(nT))]([      

            
n

n

at ztfeZ 




 
0

anT- f(nT) e)]([   

                                                    





0

n-aT ) (ze  f(nT)
n

 

                                                   ][ aTzeF  
 
16. Find   Z [࢚ࢇ࢏ିࢋ			]    
      Solution: 
                  ]1.[][ aitiat eZeZ    
                                iatzez

z


 ]}1[{    

                                
iatzez

z
z












1
  

                                
1

 iat

iat

ze
ze     

 
17.   Prove that    Z [n f (n)]   = -Z ࢊ

ࢠࢊ
 [AU A/M 2018]                  {(ࢆ)ࡲ}   

        Proof: 
                )]([)(, nfZZFwkt   

                        





0

)()(
n

nznfZF  

                    





0

)()(
n

nznf
dz
dZF

dz
d  

                                     n

n
z

dz
dnf 






0
)(  

                                    =





0

1))((
n

nznnf
 

                                   z
znfn

n

n 1.)(.
0






 

               
   






0

)(
n

nznnfzF
dz
dZ

 

                                   
 )(nnfz

 

                    
  )()( zF

dz
dznnfZ 
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18. Find the Z transform of k
n c

          Solution: 

                     
  k

n

k
kk znCnCz 




0  

                                  
n

n znCznCznC   ...1 2
2

1
1

              This is expansion of binomial theorem 

                                  
 nz 11     

 
19.  Find   )()( 32 nZandnZ                
                                           [A.U M/J 2014, N/D 2016] 
       Solution: 
 

         
  )(2 nnZnZ       )( 23 nnZnZ 

 

                   
 )(nZ

dz
dz

             
 )( 2nZ

dz
dz

 

                     









 21z

z
dz
dz

                                   











 3

2

1z
zz

dz
dz

 

                   

 
  











 4

2

1
)1(2.1

z
zzzz

          

     
  











 6

223

1
)1(3121

z
zzzzzz

 

                     










 31
21

z
zzz

                                  

    
  











 4

2

1
3121

z
zzzzz

 

                    31
)1(





z
zz

                                              










 4

22

1
33122

z
zzzzzz

 

                    3

2

1



z

zz

                                                 






















 4

2

4

2

1
14

1
14

z
zzz

z
zzz

  
20. Find ][ 2 cbnanZ 

       Solution: 

                  
  )1()()( 22 cznbznazcbnanZ 

 

                                                 111 23

2











z

zc
z

zb
z

zza

 
 
21. Find )]1([ nnZ

                                                   [May 2009, Apr2007] 
      Solution: 

                    
   nnZnnZ  2)1(

 
                                       

   nznz  2

 

                                          23

2

11 






z

z
z

zz
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                                        3

2

1
)1(





z

zzzz

  

                                        
 zzzz

z



 22

31
1

 

                                        31
2



z

z

 
22. Prove that the Damping Rule 

             
   )()(,)( nfZzF

a
zFnfaZ n 







 
      Proof: 

                  
  






0

)()(
n

nznfnfZ
 

      
  n

n

nn znfanfaZ 



 )()(

0  

                                 

n

n a
znf




 








0
)(

 

            
  








a
zFnfaZ n )(

 
23. Find  ]sin[ naZ n

                                                                  [AU A/M 2005, 2007]
                                                       Solution: 

                 
  








a
zFnfaZ n )(

 

                   
   

a
zz

n nZnaZ   sinsin[
 

                                          a
zzzz

nz











1cos2
sin

2 


 

                                         1cos2

sin

2

2








a
z

a
z

n
a
z

    

                  
  22 cos2

sinsin
aazz

aznaZ n







  
24. Find  ][ nnaZ   
      Solution: 

                    
   naznaZ nn .

 

                             

 

 
a
zz

a
zz

z
z

nZ


















21

)(
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                              2

1 





 



a
z

a
z

 

                               
2

2

a
az

a
z




  

                              
 2

2

az
a

a
z


  

                               2az
az



 

                   
 

 2az
aznaZ n




 25. Find ][ taZ n
     

   Solution:        [AU N/D 2010, A/M 2009] 

                    
   

a
zz

n tztaz  )(
 

                              
a
zzz

Tz












 2)1(
 

                              2

1





 



a
z

a
zT

 

                              
2)( az

Taz



 

26. Find ]2sin[ teZ t
                                                                                   

       Solution: 

                    
    aTzez

at ZFtfeZ 
  )()(

 
                    

    Tzez
t tZteZ 

  )2(sin2sin
  

                                        
12cos2

2sin
12cos2

2sin

22

2















Tzeez
Tze

Tzz
Tz

TT

T

zez T

    


















1cos2
sin][sin

:

2 aTzz
aTzatz

formula

 
 
27. Find  ][ 1naZ

         Solution:         

       We know that, 

                     

 
az

zaZ n


  
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   nn aZzaZ .11   ,     by shift property
 

                               
az

z
z 

 .1

 

                   
 

az
aZ n


 11

  
 
28. Prove that  f(0) z-F(z) z =  1)]+f(n[Z                                                                                    

       Proof:                                                                        [AU N/D 2005] 

                        
  






0

)1()1(
n

nznfnfZ
 

                                           





0

1..)1(
n

nzzznf  

                                           





0

)1()1(
n

nznfz

 
          Put   n+1=m and we get  







mn
mn 10

             
 

                     
  





 
1

)0()0()()1(
m

m zfzfzmfznfZ
 

                                       







 







0
)0()(

m

m fzmfz
 

                                       
)0()( zfzzF 

 29. Define Unit step sequence. 
       Solution: 
         A discrete  unit step function is defined as 

                             








0,0
0,1

)(
K
K

KU  

30. Find Z[cos(t+T)]                                                           [AU N/D 2009, M/J 2004,2008] 
      Solution: 

                     
  )0()()( ZfzZFTtfz 

            Here )cos()( ttf     10cos)0(, f
 

                   
  )0(][cos.)cos( zftZzTtZ 

 

                                   

1cos2
cos

1cos2
)1cos2(cos

1cos2
)cos(

1cos2
)cos(

2

2

2

223

2

2

2























Tzz
zTz

Tzz
TzzzTzz

z
Tzz
Tzz

z
Tzz
Tzzz
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31. Define unit impulse sequence                                                    [AU M/J 2004, 2005] 
      Solution: 
                 A   discrete   unit step function is defined as

 

                             








0,0
0,1

)(
K
K

K  

              Now ߜ (n-k)   is defined   by 

                                       








kn
kn

kn
,0
,1

)(  

32. Find   k-nZ                                                                          [AU M/J 2005, 2010] 
      Solution: 

                  





0

)()]([
n

nzknknZ   

                                      
....)2()1()0( 210   zkzkzk 

 

                        







kn
kn

kn
,0
,1

)(
 

                    k
k

z
znz 1)1(  

 
           ,arInparticul  

                     z
nZ 1)]1([ 

 
33. Find   2-n2Z n

    Solution: 
                 

2
)]2([)]2(2[ zz

n nZnZ    

                                       
2

2
1

zzz 







                                        















 kz
knZ

Formula
1)([

:


 

                                       

2

2

4
2

1

z

z













 

                   2

4)]2(2[
z

nZ n 
 

34. Prove the Initial value theorem                                [N/D 2007, M/J 2004] 
      Statement: 
              If )()]([ zFnfZ  , then   )0()(lim fzF

Z




 

        Proof: 

           
  

  





0

)()(
n

nznfnfz
 

                         
....)2()1()0( 21   zfzff  
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....)2()1()0()( 2 

z
f

Z
ffZF  

         




 



....)2()1()0()( 2limlim z
f

z
ffzF

zz  

                          )0(f                                                            



















01
:Re

lim z

sult

z

 

35. If    
1cos2

cosZF 2 



aTzz
aTzz

   Find f(0)  

       Solution:  

                  )(
lim

)0( zF
z

f


  

                           
1cos2

)cos(lim
2 





aTzz
aTzz

z
 

                           
1cos2

)cos(lim
2

2







aTzz
aTzz

z     

                           )1cos2(

)cos(lim
2

2








aTzz
dz
d

aTzz
dz
d

z  

                           aTz
aTz

z cos22
)cos2(lim







 

                           

1
2
2lim

)cos22(

)cos2(lim













z

aTz
dz
d

aTz
dz
d

z

 

36. Find the final value of the function 2

1

25.01
1)( 







z

zzF                [M/J 2007, 2009] 

       Solution: 
 
               By the final value theorem, 

                       
)()1(

)()(

lim
lim

1
ZFz

tff

z

t









 

                                2

1

1 25.01
1).1(lim 



 



z

zz
z
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0
25.01

)11)(11(

25.01

11
)1(

2
1

lim














z

zz
z

 

37. Find 











))((

2
1

bzaz
zZ  , Using residue method.        [AU N/D 2007, 2008, 2016] 

     Solution: 

             Let      
))((

)(
2

bzaz
zZF


         ,      )()(1 nfzFz   

                
))((

)(
1

1

bzaz
zzFz

n
n





  

        The poles are bzaz  ,  

            
 

))((
)()(Re

1
1 lim bzaz

zazzFzs
n

az
az

n









  

                                        
ba

an




1

 

             
))((

)()(Re
1

1 lim bzaz
zbzZFzs

n

bz
bZ

n









  

                                         
ab

bn




1

 

                         )(nf  {sum of the residue of    zn-1 F (z)   at its poles} 

                                   111  


 nn ba
ba

 

            11
2

1 1
))((

 












 nn ba
babzaz

zz
 

 
38. Form a difference equation by eliminating the arbitrary constant ‘A’ from     
      n

n A.3=y                                                     [AU M/J 2007, 2009, N/D 2010] 
       Solution: 

                          
1

1 3.
3.


 


n

n

n
n

Ay
Ay

 

                                 
n

n

y
A

3
3.3




 

                031  nn yy  
39. Define convolution of two sequences.                             [AU M/J 2003, 2005] 
      Solution: 
            The convolution of two sequence {f(n)}  and {g(n)}  is defined as 

                   



n

r
rngrfngnf

0

)()()()(                [For right sided sequences] 
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                            (or) 

                     





r

rngrfngnf )()()()(   [For two sided and bilateral sequence] 

           The convolution of two function f(t)  and g(t)  is defined  as  

                       TrngrTftgtf
r





 )()()()(      Where T is the sampling   period 

40. State Convolution theorem on Z-transforms                        [A.U M/J 2015, N/D 2016] 
      Solution: 

              
)().()](*)([.2
)().()](*)([.1

ZGZFtgtfZ
ZGZFngnfz




 
 
41. Find the Z- transform of g(n)*f(n)   if  u(n)2=f(n) n and      u(n) 2=g(n) n  
       Solution: 
                            )(2)( nuZnfZ n  

                                      
)(

2
ZF

z
z





 

                             )(2)( nuZngZ n  

                                       
)(
2

zG
z

z






                                    by def. of u(n) 
                    )().()()( ZGZFngnfZ   

                                           2

2

2
.

2















z
z

z
z

z
z

 
42. State initial and final value theorem in Z-transform                          
       Solution:                                                         [M/J 2003, 2007, 2017, N/D 2014, 2015] 
                 Initial value theorem 
                              If )()( zFnfz  , then   )0()(lim fzF

Z


  
                Final value theorem 
                         If   z [f (t)] =F (Z) then  )()1()( limlim

1
ZFztf

zt


  
43. Find the Z-Transform of 1/n                                    [AU N/D 2013, N/D 2017]    
       Solution:   

                   





0

)()]([
n

nznxnxZ    

                     











1

11
n

nz
nn

Z    

                               

n

n zn









1

11   
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...

3

1

2

1
1

32





















zz
z  

                               



 

z
11log  

                               



 


z

z 1log
 

                          
     

1,
1

log

1log
1














 




z
z

z
z

z

 

44. Find the inverse Z-Transform of 







 2)1(z
z

                            
 [A.U. N/D 2013]        

       Solution: 

    Let   









 2)1(
)(

z
zZF  

           










 2)1(
1)(

zz
ZF

 

               
22 )1(1)1(

1













 z

B
z

A
z  

 
                     BzA  )1(1  

 
1,1  Bthenzput  

0,0  Athenzput  

 











 2)1(
1)(

zz
ZF

 











 2)1(
)(

z
zZF

 

         nn na
az

azZn

z
zZ

z
zZ







































2
1

2
1

2
1

)(
)1(

))1(()1(


 

 

45.  Find the inverse Z-Transform of 







 )2)(1( zz

z

                      
 [A.U. M/J 2013]        

       Solution: 
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Consider 
21)2)(1( 












 z

B
z

A
zz

z  

 

                                          
)1()2(  zBzAz  

               2,2  Bthenzput  

                           1,1  Athenzput  
 

                        
1

11

111

)2(2)1(

)2(2)1(

)2(
2

)1(
1

)2)(1(










































nn

nn

z
Z

z
Z

zz
zZ

 

 

 
46. Find the Z-Transform of 

1
1
n            

               [A.U. N/D 2013, 2015, A/M 2018]        

        Solution:   

                   





0

)()]([
n

nznfnfZ    

                     














 0 1
1

1
1

n

nz
nn

Z    

                                    

n

n zn












0

1
1

1   

                                    
..........

3

1

2

1

1

2















 zz

 

                                    





























 ..................1

3
11

2
111 2

zzz
z  

                                    
































 ..................1

3
11

2
11 2

zzz
z

 

                                   














 

z
z 11log

 

                                 














 


z

zz 1log
 

                          
       

1,
1

log

1log
1














 




z
z

zz

z
zz
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47. Find the Z-Transform of 
!

1
n                                       

 [A.U. N/D 2011, M/J 2016]        

      Solution:   

                   





0

)()]([
n

nznfnfZ    

                      











0 !
1

!
1

n

nz
nn

Z    

                                 

n

n zn









0

1
!

1   

                                 
..........1

!2
11

!1
11

2











zz  

                                 
ze
1


  

48. Find   2teZ t

                                         
 [A.U. N/D 2016]       

      Solution:   
        
                Tzez

t tZteZ 
  22

 

                         

 
  Tzezz

zzT















 3

2

1
1

 

                         
 

 3
2

1
1






T

TT

ze
zezeT

 
  
49. Form a difference equation by eliminating the arbitrary constant ‘a’ from     
      n

ny =a.2 .                                                                                      [AU  N/D 2017] 
       Solution: 

                          
n

n

n+1
1

y =a.2 .

a.2 .ny  
 

                                 
2 .2
2

n

n

a
y




 

                1 2 0n ny y                                                               
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PART-B 

PROBLEMS BASED ON CONVOLUTION THEOREM 

1. Using Convolution Theorem, Find the  











)3)(4(

2
1

zz
zZ

  
       Solution:                                                                                    [AU N/D 2010, 2015] 

                  




















3
*

4)3)(4(
1

2
1

z
z

z
zZ

zz
zZ

 

                                                 













 

34
11

z
zZ

z
zZ  

                                                 nn )3()4(   

                                                 



n

r

rnr

0

)4.()3(  

                                                 







 




n

r

rrn

0

)4.()3()4(  

                                                 

















 



n

r

r
n

0 4
3)4(  

                                                 

































n
n

4
3...

4
3

4
3

4
31)4(

32

 

                                                 



































1
4
3

1
4
3

)4(

1n

n

   



















 

1
1....1

:

12

a
aaaa

formula
n

n
 

                                                 




























4
1

4
43

)4(
1

11

n

nn

n                         

 

                                                 

 11 43   nn

                          Result:             11 34   nn
 

2. Using convolution theorem, find the value of  











)3()2( 2

3
1

zz
zZ

 
    Solution:                                                                                               [AU N/D 2010]                                                                                                

         






















)3(
.

)2()3()2( 2

2
1

2

3
1

z
z

z
zZ

zz
zZ

 

                                           
  

















 

32
1

2

2
1

z
zZ

z
zZ  

                                             nnn 321   
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                                      



n

r

rnrr
0

321  

                                      
rn

r

n r










0 3
213  

                                     








































n
n n

3
2)1(........

3
24

3
23

3
2213

32

 
       

3
2,)1(........4321 32  xwherexnxxxSLet n

 

        

nn xnnxxxxS )1(........4321 132  

 
      

1432 )1(........432  nn xnnxxxxxxS
 

    
  1432 )1(........41)1(  nn xnxxxxxSx

 

                  

1
1

)1(
1

1 






 n
n

xn
x

x

 

                 x
xn

x
xS

nn











1
)1(

1
1 1

2

1

 

           
3
11,

3
2

3
2)1(3

3
219

11






























xxSincenS
nn

 

                    
 339

3
29

1











n
n

 

                     
 n

n

312
3
29

1











 

                     
 

1

3
2439











n

n
       

                                                             

 

































1

2

3
1

3
24393

)3()2(

n
n n

zz
zZ                        

                                                   
1

1

3
2433.9


 








n
nn n  

                        Result:            12 243   nn n                               
                             

 

 

  3. Using convolution theorem finds the inverse Z- transform of   







 )12)(17(

14 2
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

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
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


















 

a
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n

n

1
1....1

:
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

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





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
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

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         Result:                           
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

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4.  Using Convolution Theorem Find the value of   





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
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
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

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
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 

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

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
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4
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2
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       Solution:                                                               
        

[AU A/M 2012, N/D 2017]  
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
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
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

















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a
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n

n

1
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:
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















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




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2
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2
1

2
1 










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


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Result:            

          

nn 21

2
1

2
1


















 
 

5. Using Convolution theorem,   Find  










2

2
1

)( az
zZ

              
[AU N/D 2007, M/J 2016]

 
                                                        (OR) 
    Find  211 )1(   azZ                                                                 [AU A/M 2015]

 

    Solution:                                                                                                           

              



















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z
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2

2
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                                     

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









 
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zZ 11  
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                                        



n

r

rnr aa
0

.  

                                     nnn aaaa   ...... 1  
                                     nnn aaa  .....  

      
Result:   
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zZ )1(
)( 2

2
1 












 

                                                                               
 

6. Using convolution theorem find the inverse Z- transform of  







 )3)(1(

2

zz
z

                                          
    Solution:          [AU N/D 2006, 2013]                                                                                                    

                
















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
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.

1)3)(1(
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2
1
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z
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








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


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z
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z
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                                                  nn 31                                                                                                    
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r
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0
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






1
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z
zz n     








3
)z(3 n

z
z                                                                                                                           

                                                  13...333 121   nnn  
                                                  n3...31   

                                                  
13

13 1





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Result: 
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13

)3)(1(
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1 














n
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zZ     

 

7. Find 











)14)(12(
8 2

1

zz
zZ  , Using Convolution Theorem.  [AU A/M 2010, 2017, 2018]   

    Solution:                                                                                                               
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

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
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2
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8. Using Convolution Theorem, Find the  










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2
1

bzaz
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       Solution:                                                                  [AU A/M 2013, 2014 N/D 2016] 
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

































b
a

b
a

b

n

n

1

1
)(

1

   






















r
raararara

formula
n

n

1
)1(....

:
1

2
 

                                                

b
ab

b
abb n

nn
n










 






1

11)(

                        

 

      

Result:            

                  
ab
ab nn





 11)(

 
 
PROBLEMS BASED ON DIFFERENCE EQUATION  

 
9. Solve  n

nnn yyy 234 12    with 00 y  and 11 y  using Z-transform 
    Solution:                                                                      [AU N/D 2010, A/M 2005,2006] 
     Taking   Z-transform, we get 
                             n

nnn ZyZyZyZ 234 12    

            
2

34 010
22




z
zyzyyzzyyzyz  

      Given 00 y  , 11 y  

                               
2

34
2




z
zyyzzyz  

                                          z
z

zzzy 



2

342  

                                                     
)3)(1()3)(1)(2( 





zz

z
zzz

zy  

               Now, 
)3()1()2()3)(1)(2( 








 z

C
z

B
z

A
zzz

z  

 
       Put 1z  put 3z    put 2z  
           B61       c103             A152   

            
6
1

B                    
10

3
C         

15
2

A
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3

1
10
3

1
1

6
1

2
1

15
2

)3)(1)(2( 








 zzzzzz
z  

                         
31)3)(1( 





 z

B
z

A
zz

z

 
 
          )1()3(  zBzAz  
 
        Put 3z                  put  1z  
           B23                           A21   

            
2
3

B                           
2
1

A          

       
3

1
2
3

12
1

)3)(1( 









zz

z
zz

z            

      
3

1
2
3

1
1

2
1

3
1

10
3

1
1

6
1

2
1

15
2
















zzzzz
Y

 
3

1
2
3

1
1

2
1

3
1

10
3

1
1

6
1

2
1

15
2
















zzzzz
YZ n  

     


































 

3
1

2
3

1
1

2
1

3
1

10
3

1
1

6
1

2
1

15
2 11111

Z
Z

Z
Z

Z
Z

Z
Z

Z
Zyn  

                 11111 )3(
2
3)1(

2
1)3(

10
3)1(

6
12

15
2   nnnnn

ny  

                      



 






  

10
3

2
3)3()1(

2
1

6
12

15
1 11 nnn  

                     












  

10
12)3()1(

6
2

15
2 11 nn

n

 

      
Result:   nn

n

)3(
5
2)1(

3
1

15
2
















 
 
 10.  Solve the Equation  n

nnn yyy 223 12    given that  010  yy  
      Solution:                                                                   [AU A/M 2008, 2009, 2011] 
                      nnynyny 2)(2)1(3)2(              … (1) 
       Taking Z-Transform on both sides, we get, 
                   nZnyZnyZnyZ 2)(2)1(3)2(   

       
 

2
2)0(3)1()0(22




z
zyyyzzyyzyz         ….  (2)        where   )(nyZy   

       Applying y (0) =0 and y (1) =0   in   (2) 

                                     
2

232




z
zyyzyz  

                                         
2

232




z
zzzy      

                                                         2232 


zzz
zy
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                                                             212 


zzz
z  

                                                          
  221 


zz
z  

                                              
  221

)(



zz
znyZ  

                                 
   










 

2
1

21
1)(
zz

Z
z
ny            …. (3) 

                   
   22 )2(2121

1









 z

C
z

B
z

A
zz

         …. (4) 

                                        )1()1)(2()2(1 2  zczzBzA  
                                                                                                
              Put  1z             put 2z        Equating Coefficient of z2 

                      1A                  1C                     0 BA  
                                                                                             1B  
      Substituting    A=1; B= -1; C=1 in (3), we get 

                  
   22 )2(

1
2

1
1

1
21

1









 zzzzz

 

          
   



































 

2
111

2
1

)2(2121 z
zZ

z
zZ

z
zZ

zz
zZ  

                               









 
2

11

)2(
2

2
1)2()1()(

z
zZny nn    ,   1n  

                                       nn n2
2
121                                          

      Result:             0;221)( 1   nnny nn
 

 
 11. Using Z-transform solve nnUnUnU 4)(6)1(5)2(   given that         
        1)1(,0)0(  UU                                                          [AU A/M 2005 N/D 2009]   
       Solution: 
                       nnUnUnU 4)(6)1(5)2(    
        Taking Z-transform on both sides, we get 

                  nZnUZnUZnUZ 4)(6)1(5)2(   

         
 

4
6)0(5)1()0(22




z
zUUUZZUUzUz       ,    Where )]([ nUZU   

      Applying   U (0) =0   and U (1) =1 

                              
4

652




z
zUUZZUz  

                                      
  z

z
zZzU 



4

652  

                                   
  z

z
zzzU 



4

)3)(2(  
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                                                 )4)(3)(2(
32





zzz

zzU
 

                                                )4)(3)(2(
3





zzz

z
z

U      …. (3) 

      Now  4)3()2()4)(3)(2(
3













z
C

z
B

z
A

zzz
z

   

                     
)3)(2()4)(2()4)(3(3  zzCzzBzzAz  

      0
3




B
zPut

                   

2
1

21
4






C

C
zPut

                             

2
1

)2)(1(1
2






A

A
zPut

 

                                 
 

                4
1

2
1

)2(
1

2
1

)4)(3)(2(
3











zzzzz

z                             …. (4)                   

                                            42
1

)2(2
1








z

z
z

zU                      
    

                                
  

42
1

22
1)(








z

z
z

znUZ  

                                      















 

42
1

22
1)( 11

z
zZ

z
zZnU  

     Result:                              
nn )4(

2
1)2(

2
1




    1, n  
 
12.  Solve by using Z –transform n

nnn yyy 334 12   , given that 00 y ; 11 y  .                                       
       Solution:                      [AU A/M 2009, 2010 N/D 2015] 
                                                  
      Taking Z-transform on both sides, we get 

                          nZnyZnyZnyZ 3)(3)1(4)2(   

         
 

3
3)0(4)1()0(22




z
zyyyzzyyzyz       ….  (1)         Where  )(nyZy   

       Given 00 y ; 11 y                                 .… (2) 
       Applying (2) in (1), we get 

             
  z

z
zzzy 



3

342

 

                                   3
)3(





z

zzz
 

                                   3
22





z

zz
 

                               )3)(3)(1(
)2(





zzz
zzy

 

                    331)3)(3)(1(
)2(














z
C

z
B

z
A

zzz
z

z
y
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)3)(1()3)(1()3)(3(2  zzCzzBzzAz  

 

       
       Put z =-1               Put z = -3                      Put z = 3 

                 -3= -8A                   -5=12B                        1=24C 

                 8
3=A

            12
5

B
                       24

1
C

 

                       3
24
1

3
12

5

1
8
3












zzzz

y

 

                        




























 

324
1

312
5

18
3)( 111

z
zZ

z
zZ

z
zZny

 

              
Result: nnn )3(

24
1)3(

12
5)1(

8
3


   

  

 
13. Solve the difference equation 0)(4)1(4)2(  kykyky  where

           = ,  y 0 1 y 1 0 .                                               

       (or) Solve n 2 n 14 4 0ny y y     ,    = ,  y 0 1 y 1 0 , using Z-transform                                                                  
                                                                     [AU N/D 2005, 2009, A/M 2009, 2018] 
       Solution:  
        Given:  0)(4)1(4)2(  kykyky  
       Taking Z transform on both sides, we get 
                  0)(4)1(4)2(  kyZkyZkyZ  

          04)0(4)1()0(22  yyyzzyyzyz ,    Where   )(kyZy   
        Given   y (0) =1, y (1) =0 

                              041412  yyzyz  
                             0444 22  zzzzy  

                                                     )44(
4

2

2





zz

zzy  

                                                     
2)2(

4




z
z

z
y  

                                              
22 )2()2()2(

4









z
B

z
A

z
z                           …. (3)      

                                                   
BzAz  )2(4                                     

                                                  
1

422
02






A
BAB
zPutzPut

                                    

                    Sub.  A=1 and B=-2 in (1), we get 

                                   
2)2(

2
2

1






zzz

y
 

                                   
2)2(

2
2 





z
z

z
zy  
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  2)2(

2
2

)(






z

z
z

znyZ  

                             

















 

2
11

)2(
2

2
)(

z
zZ

z
zZny  

                                     
nn n22                                    



















 nna
az

azz 2
1

)(
        

         Result:                 = )1(2 nn   
 
14. Solve the difference equation 0)2(4)1(3)(  nynyny   , 2n , given      
      that y(0)=3,y(1)=-2.                                                                          [AU A/M 2006] 
      Solution:   
        Given that 
                    0)2(4)1(3)(  nynyny                                                                                                         
       Changing n into n+2, the given equation becomes, 

          0)(4)1(3)2(  nynyny        …. (1)   , where  )(nyZy   
          0)(4)(3)( 12   nnn yZyZyZ  

               04)0(3)]1()0([ 22  yzyyzzyyzyz  
              Applying y (0) =3 and y (1) =-2 in (2), we get 

                             zzyzz 7343 22   

                                             )1)(4(
73 2





zz

zzy  

                                            )1)(4(
73





zz
z

z
y

 

                Now  
14)1)(4(

73









z

B
z

A
zz

z  

                                    )4()1(73  zBzAZ  
                          Put  1=z          Put  -4=z  
                              10=5B             -5=5A-             
                                  2=B                   1=A  
 

                         1
2

4
1

)1)(4(
73










zzzz
z         …. (3) 

                                          1
2

4
1







zzz
y  

                                          1
2

4 





z
z

z
zy  

                                
 

1
2

4
)(







z
z

z
znyZ  

                                   
  













 

1
2

4
)( 11

z
zZ

z
zZny  

                                             














 

1
2

4
11

z
zZ

z
zZ  
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        Result:                 
nnny )1(2)4()(      0, n  

 
15. Solve using Z-transform, 0103 12   nnn yyy  given 10 y  and 01 y   
                                           [Dec.2009,2008, Apr.2004, Nov 2002, May/June (2013,2014)] 
      Solution:     
            Given  that  

                    0103 12   nnn yyy  
       Taking Z-transform, we get 
                        0)(10)1(3)2(  nyZnyZnyZ  
           010)0(3)1()0(22  yzyyzzyyzyz      …. (1)      Where )]([ nyZy   
       Given 1)0( y , 0)1( y                                                ….(2) 
       Substituting (2) in(1), we get 
                           0101312  yyzyz  
                          03103 22  zzzzy  
                                     zzzzy 3103 22   

                                                        
103
)3(

2 



zz

zzy  

                                                           
)2)(5(

)3(





zz
zz  

                                                       
)2)(5(

)3(





zz
z

z
y               ….(3) 

                                     
25)2)(5(

)3(









z

B
z

A
zz

z

 

                                                
)5()2()3(  zBzAz  

                               Put 2z                         Put 5z  
                                  B75                  A72   

                                        
7
5

B        
7
2

A                                                     

                          
2

7
5

5
7
2

)2)(5(
)3(










zzzz
z

 

                                            
2

7
5

5
7
2







zzz
y

              [Using (3)] 

                                             
27

5
57

2






z

z
z

zy        

                                   
27

5
57

2)]([






z

z
z

znyZ  

               Result:             













 

27
5

57
2)( 11

z
zZ

z
zZny  

                                                 0,)2(
7
5)5(

7
2

 nnn  
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16. Solve the difference equation 0)1()0(,1)()2(  yykyky , using  
       Z-transform                                                                           [AU A/M 2012] 
      Solution: 
                   Given 0)1()0(,1)()2(  yykyky  
                             1)()2(.,.  nynyei  
              Taking Z-transform on both sides , we get 
                             1)()2( ZnyZnyZ   

              
1

)()1()0()( 22




z
zzyzyyzzyz  

                                        0)1()0(
1

)()(2 


 yy
z

zzyzyz   

                                           
1

)(12




z
zzyz  

                                                       11
)( 2 


zz
zzy  

                                              
  

1
2

1

11
)( 


 nn z

zz
zzzy  

                                                 izizz
zzzy

n
n




1
)( 1  

                        1=z  is a simple pole 
                        i=z  is a simple pole  
                       -i=z  is a simple pole 

                      izizz
zzzzy

n

z

n








 1
1)( limRes

1

1

1z
 

                                            iziz
zn

z 



lim

1
 

                                          
2
1

)1)(1(
1





ii

 

                                      

                           izizz
zizzzy

n

iz

n








 1
)( limRes 1

iz
 

                                                izz
z n

iz 


 1lim  

                                                iii
i n




1
)(

 

                                               12
)(



ii
i n

 

                       izizz
zizzzy

n

iz

n








 1
)( limRes 1

iz
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                                             izz
z n

iz 


 1lim  

                                             iii
i n





1

)(
 

                                            ii
i n





12

)(

 
 
    Result:          )(ny = sum of the residues 

                                        ii
i

ii
i nn








12

)(
12

)(
2
1

 

                                     














iii

i nn

1
)1(

1
1

22
1

 

                                     
   














2
)1(11

22
1 nn ii

i
i

 

                                         1)1(1
42

1
 ii

i
i n

n

 

                                         1)1(1
42

1 1




iii n
n

. 

17. Solve the difference equation 0,2 102  yyyy nn , using  
       Z-transform.                                                                                 [AU M/J 2016] 
      Solution: 
                   Given 2)()2(  nyny                               
              Taking Z-transform on both sides , we get 
                             2)()2( ZnyZnyZ   

              
1

2)()1()0()( 22




z
zzyzyyzzyz  

                                          0)1()0(
1

2)()(2 


 yy
z

zzyzyz   

                                             
1

2)(12




z
zzyz  

                                                       
  11

2)( 2 


zz
zzy

 

                                1111
2)(

22 









z

CBz
z

A
zzz

zy

 

                                   
    112 2  zCBzzA

 



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 33 
 

1
22
,1





A
A

getwezput

      

1
21
2

2
,0








C
C

AC
CA

getwezput

           
1

0
,

2




B
BA
getwesides

bothonzoftscoefficientheequating

 

    1
1

1
1)()1( 2 







z
z

zz
zy

 

                    111
)( 22

2










z
z

z
z

z
zzy

 

                
 

111
)( 22

2










z
z

z
z

z
znyZ

 

                     

























 

111
)( 2

1
2

2
11

z
zZ

z
zZ

z
zZny

 

     
Result:     

2
sin

2
cos)1()(  nnny n 

 

 
 
18. Solve n

nn nyy 22   , using Z-transform                          [AU A/M 2012] 
      Solution: 
                 Given   n

nn nyy 2.2   

                             n
nn nZyZyZ 2.2   

        
 

    











 22

22 ][
2

2)()1()0()(
az

aznaZ
z

zzyzyyzzyz n  

                  
 

 2
22

2
2)(1



z

zzBAzzyz  

        When  )1(,)0( yByA   

                        
 

 
zBAz

z
zzyz 


 2

2
2

2
2)(1

                                
 

                                          1112
2)( 22

2

22 








z
Bz

z
Az

zz
zzy  

                                 112
2)( 2

1

22
1












z
BzAz

zz
zzzy

nnn
n  

                                          21 II   
          Step 1:

        

                                 12
2

221 


zz
zI

n

 

                                     izizz
zn


 22

2  

                   2z  is a pole of  order  2 
                   iz   is a simple pole 
                   iz  is a simple pole 
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                       12
2)2(

22
2

2
1

2
limRe 


 zz

zz
dz
dI

n

zz
s  

                                   1
2
2

2
lim 


 z

z
dz
d n

z
 

                                   

    
 22

12

2 1
2221lim








 z
zzznz nn

z
 

                                   25
)4(2222)5( 1 nnn 




 

                                   25
2225 21


nnn  

                                   

 
25

252 3


nn

 

           iz   is a pole  of order 1 

                     ))(()2(
2)( 21 limRe izizz

zizI
n

iziz
s 




 

                                    )()2(
2

2lim izz
z n

iz 



 

                                    )2()2(
2

2 ii
i n


  

                                   
2

1

)2( 




i
i n

 

          iz   is a simple pole 

                      ))(()2(
2)( 21 limRe izizz

zizI
n

iziz
s 




 

                                     )()2(
2

2lim izz
z n

iz 



 

                                     

 
)2()2(

2
2 ii
i n





    

 
2

1

)2( 





i
i n

  

 Step 2: 

                      12

1

2 





z
BzAzI

nn

 
                    iz   is a simple pole 
                    iz   is a simple pole 

                     ))((
)(

1

2 limRe iziz
BzAzizI

nn

iziz
s 






  

                                      )(

1

lim iz
BzAz nn

iz 






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                                      i
BiAi nn

2

1 




 

                                      
 

i
BAii n

2


  

                                       BAii n   1

2
1

 

                      ))((
)(

1

2 limRe iziz
BzAzizI

nn

iziz
s 







 

                                       )(

1

lim iz
BzAz nn

iz 






 

                                       
   

i
iBiA nn

2

1







 

                                           1

22
1  nn iBiA

 
                    Result: )(ny = Sum of the residues

                            

                                        

   

     

)1(&)0(

,
22

1)(
2
1

)2()2(25
252

11

2

1

2

13

yByAwhere

iBiABAii

i
i

i
in

nnn

nnn




















   
 

      
19. Solve the difference using Z-transform       023 13   nnn yyy   given             
       that 8,0,4 210  yyy                                                           [AU N/D 2012]      
        Solution:  
                                        Given  0)(2)1(3)3(  nynyny  
                                             0)(2)1(3)3(  nyZnyZnyZ  
              0)(2)0()(3)2()1()0()( 233  zyzyzzyzyyzyzzYz  
                                          0)(24)(384)( 33  zyzzzyzzzYz  
                                                                 044)(23 33  zzzyzz  
                                                                                   zzzyzz 44)(21 32   

                                                                                                    
   21

44)( 2

3





zz

zzzy  

                                                                     
   21

14
2

2





zz

zz  

                                                                      
   21

114
2 




zz
zzz  

                                                                     
  21

14





zz
zz  
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 

  21
14)( 1






zz
zzzzy

n
n  

                          1)( nzzy  has poles at  1=z and -2=z  
                           1=z  is a simple pole 
                          -2=z  is a simple pole 

                    
  21

141)( limRes
1

1

1z 







 zz
zzzzzy

n

z

n  

                                         
 

 2
14lim

1 



 z

zz n

z
 

                                        
3
8

  

                    
  21

142)( limRes
2

1

2z 







 zz
zzzzzy

n

z

n  

                                         
 1

14lim
2 




 z
zz n

z
  

                                        
3

)2)(1(4




n

 

                                        n)2(
3
4
  

              Result:      )(ny = sum of the residues 

                                       n)2(
3
4

3
8


 

 
20. Solve n

nnn yyy 296 )()1()2(   given that  010  yy         [AU N/D 2012, 2016] 
      Solution: 
                                  Given n

nnn yyy 296 )()1()2(    

                                   n
nnn ZyZyZyZ 296 )()1()2(    

         
2

)(9)0()(6)1()0()( 22




z
zzyzyzzyzyyzzyz  

                                               
2

)(9)(6)(2




z
zzyzzyzyz  

                                                           
2

)(962




z
zzyzz  

                                                                  
2

)(3 2




z
zzyz  

                                                                             
  232

)(



zz

zzy  

                                                                      
  2

1

32
)(




zz
zzzy

n
n  

                   1)( nzzy  has poles at z=2 and z=-3 
                    z=2 is a simple pole  
                    z=-3 is a pole of order 2 
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              
   
















2

2

3

1

3 32
3

!1
1)( limRe zz

zz
dz
dzzy

n

z

n

z
s  

                                      









 2lim

3 z
z

dz
d n

z
 

                                      









 2lim

3 z
z

dz
d n

z
 

                                     
  










 


 2

1

3 2
)2(lim z

znzz nn

z
 

                                     2

1

)5(
)3()3()5(





 nnn  

                                      
2

1

)5(
1)3()5()3(





nn

 

                                     
25

1
3
5)3( 



 


nn

 

                                      
75

35)3( 


nn

 

               
   

















2

2

1

2 32
2)( limRe zz

zzzzy
n

z

n

z
s  

                                       
  













2

2 3lim z
z n

z
 

                                      25
2n

  

                                      
25
2n

  

             Result:   )(ny = sum of the residue 

                                     
25
2

75
35)3( nn n



  

                                    



  nnn n )3(

3
5)3(2

25
1

 
 
21. Solve using Z-transform, n

nnn uuu 423 12    given 00 u  and 11 u     
      Solution:                                                                                  [AU A/M 2014]                   Given that 

                           
n

nnn uuu 423 12    
       Taking Z-transform, we get 
                        )4()(2)1(3)2( nZnuZnuZnuZ   

             
4

2)0(3)1()0(22




z
zuzuuzzuuzuz      …. (1)  Where )]([ nuZu   

       Given 0)0( u , 1)1( u              ….(2) 



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 38 
 

 
       Substituting (2) in(1), we get 
 

                          
4

232




z
zuuzzuz

 
 

                             
4

232




z
zzzzu  

                                   z
z

zzzu 



4

232  

                                              



 


 z

z
z

zz
u

421
1  

                                              )(
)2)(1()4)(2)(1(

A
zz

z
zzz

z






  

                                          )2)(1(
1

)4)(2)(1(
1







zzzzzz
u

    ….(3) 

                    Let     
421)4)(2)(1(

1









 z

C
z

B
z

A
zzz  

 

                     
)2)(1()4)(1()4)(2(1  zzCzzBzzA

  
               Put 2z                        Put 1z   Put 4z  
                     B21        A31                       C61   

                    
2
1

B                  
3
1

A                       
6
1

C
 

 

           
)4(.....................

4
1.

6
1

2
1.

2
1

1
1.

3
1

)4)(2)(1(
1










 zzzzzz   

21)2)(1(
1







 z
B

z
A

zz
Let

 

                         
)1()2(1  zBzA   

                         Put 2z         Put 1z    
                                B1     A1            
                

                        )5(.....................
2

1.
1

1.1
)2)(1(

1






 zzzz

      

                      
























124
.

6
1

2
.

2
1

1
.

3
1

)()5(&)4(.

z
z

z
z

z
z

z
z

z
zu

AinSub


























124
.

6
1

2
.

2
1

1
.

3
1)]([

z
z

z
z

z
z

z
z

z
znuZ

 

        
Result:

 























 

124
.

6
1

2
.

2
1

1
.

3
1)( 11

z
z

z
zZ

z
z

z
z

z
zZnu
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


































 

1246
1

22
1

13
1 11111

z
zZ

z
zZ

z
zZ

z
zZ

z
zZ

 
                             0,)1()2()4(

6
1)2(

2
1)1(

3
1

 nnnnnn

 
 
22.  Solve the Equation  023 12   nnn yyy  given that  1,0 10  yy  
       Solution:                                                                       [AU N /D 2014, A/M 2015] 
                     0)(2)1(3)2(  nynyny             … (1) 
       Taking Z-Transform on both sides, we get, 
                  0)(2)1(3)2(  nyZnyZnyZ  

       
  yyyzzyyzyz 2)0(3)1()0(22          ….  (2)        where   )(nyZy   

       Applying y (0) =0 and y (1) =1   in   (2) 
                                      zyyzyz  232  

                                        2)1( 


zz
zy      

                                       2)1(
1




zzz
y   …………….(1) 

                      212)1(
1







 z
B

z
A

zz  

                                       
)1()2(1  zBzA
 

                                11
21




BA
zPutzPut

 
 

                                    
2

1
1

1







zzz

y
 

                                    21 






z

z
z

zy
 

                           
 

21
)(








z

z
z

znyZ
 

                               















 

21
)( 11

z
zZ

z
zZny           

           
Result:    

    
1,1)2()(  nny n

 
 
 
23. Using Z – transforms, Solve the equation  n

nnn yyy 2127 12    given that       
      0,0 10  yy                                                               [AU M/J 2017, N/D 2017] 
       Solution:                                                                                                                 

nnynyny 2)(12)1(7)2(              … (1) 
       Taking Z-Transform on both sides, we get, 
                   nZnyZnyZnyZ 2)(12)1(7)2(   

       
 

2
2)0(7)1()0(22




z
zyyyzzyyzyz         ….  (2)        where   )(nyZy   

       Applying y (0) =0 and y (1) =1   in   (2) 
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                                     
2

1272




z
zyyzyz  

                                         43)2( 


zzz
zy      

                                        43)2(
1




zzzz
y   …………….(3) 

                       43243)2(
1










 z
C

z
B

z
A

zzz  

                                       
)3)(2()4)(2()4)(3(1  zzCzzBzzA
 

                    2
11,13,

2
12  CzPutBzPutAzPut

 

                                   4
2
1

3
1

2
2
1










zzzz
y  

                                    
42

1
322

1









z

z
z

z
z

zy
 

                          
 

42
1

322
1)(










z
z

z
z

z
znyZ

 

                           





























 

42
1

322
1)( 111

z
zZ

z
zZ

z
zZny

 

                               
     nnnny 4

2
132

2
1)(            

           
Result:    

    
     nnnny 4

2
132

2
1)(   

 
PROBLEMS BASED ON FORMATION METHOD 
24. Form the difference equation from BnAy n

n  2   
      Solution: 

            BnAy n
n  2  

            12 1
1  
 nBAy n

n               …. (1) 

                    122  nBA n   .… (2) 

             22 2
2  

 nBAy n
n  

            2242  nBAy n
n   .… (3) 

     Eliminating   A and B, we get 

           

0
24
12

1

2

1 







ny
ny

ny

n

n

n

 

               024)1()2(1)1(4)2(2 2121   nnnnn yynynynnny  

                                                             0)1()23(2 21   nnn ynynny  

           Result:                                          02)23()1( 12   nnn nyynyn  
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25. Form the difference equation by eliminating the constants from   
       nn

n bay 22   
      Solution: 

                nn
n bay 22    …. (1) 

               11
1 22 
  nn

n bay  

                nn
n bay 2222    …. (2) 

               22
2 22 

  nn
n bay  

              nn
n bay 24242         …. (3) 

       Eliminating ‘a’   and ‘b’ from (1), (2) and (3), we get 

           

0
44
22

11

2

1 





n

n

n

y
y
y

 

                 02412488 2121   nnnnn yyyyy  

                                                           0416 2  nn yy
  

          
Result:            

                            
042  ynny

 
 
26.  Form the difference equation by eliminating the constants from   
         n

n BnAy 2                                                                              [AU N/D 2013]                   
       Solution: 

                 
 

nn

n
n

BnA

BnAy

22

2




               …. (1) 

                 11
1 2)1(2 
  nn

n nBAy  

                nn nBA 2)1(222    …. (2) 

                 22
2 2)2(2 

  nn
n nBAy  

                 nn nBA 2)2(424             …. (3) 
           Eliminating ‘A’   and ‘B2n’ from (1), (2) and (3), we get 

                    

0
)2(44
)1(22

1

2

1 







ny
ny
ny

n

n

n

 
                 024)1(2)2(41)1(8)2(8 2121   nnnnn yynynynnny                                                     
                                         024)22(4)84(8 2121   nnnnn nynyynyny

  
                                                                                            

0882 12   ynnn yy
 

                      
Result:             

                                              
044 12   ynnn yy

 
27. Find the Z- transform of 

)2)(1(
1

 nn
                                        [AU N/D 2013]                    

      Solution: 

Consider   21)2)(1(
1







 n
B

n
A

nn  
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                                                )1()2(1  nBnA  
       Let n= -2 then B= -1 
             n= -1 then A=1 

      





























 )2(

1
)1(

1
)2)(1(

1
n

z
n

z
nn

z
 

  n

n
znxnxZwkt 






0
)()(  

                   
n

n

n

n
z

n
z

n










 





00 2

1
1

1

 

                   
........

432
1.............

32
1

2121


 zzzz  

                                ......1
4
11

3
1

2
1........1

3
11

2
11

22






























zzzz
 

                               































































 ....1

4
11

3
1

2
11.....1

3
11

2
111 2

2
2

2

zzz
z

zzz
z

        

                               







































































 ...1
4
11

3
11

2
1..

3

1

2

1
1 432

2

32

zzz
zzz

z
z

     

          

Result:     

   

z
z

zz
z

zz 













1
log

1
log 2

 
     
PROBLEMS BASED ON RESIDUE METHOD 
 

 
28. Find  











3
1

)1(
)1(

z
zzz

                                         
[AU N/D 2007, A/M 2000, 2005] 

        Solution:                                                                                                 

                
3)1(
)1()(





Z

ZZZF         ,   )()(1 nfzFZ   

          
3

1

)1(
)1()(




 

z
zzzFz

n
n  

          z =1 is a pole of order 3 

        
  

















3
3

2

2

1
1

1

)1(
)1(.)1(

!2
1)(Re lim z

zzz
dz
dZFzs

n

z
Z

n  

                                     
 )1(

2
1

2

2

1
lim 



zz
dz
d n

z
 

                                     
 1

1
)1(

2
1lim 



 nn

z
nzzz

dz
d  

                                     
  121

1
)1)(1(

2
1lim 



 nnn

z
zznznnz  
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       121 11)1(21

2
1   nnn nnn  

                                     
      121 11)1(21

2
1   nnn nnnn  

                                     
    21 1)1(212

2
1   nn nnn  

                                         21 1)1(1   nn nnn  

                         
2

2

)1(

n
nnn

nnn







  

     Result:           2

)(
n

residuestheofSumnf



 

 

29. Find 











)1)(1( 2
1

zz
zZ

                   
 

      Solution:                                                               [AU A/M 2007, 2008 N/D 2000] 
            Given that  

                    
)(

)1)(1( 2 zF
zz

z



          ,      )()(1 nfzFZ 

 

                           )1)(1(
)( 2

1




zz
zZFz

n
n

 

                 The poles are z=1, z=+i, z=-i (simple pole) 

               
 

)1)(1(
)1()(Re 2

1
1

1 lim 







zz
zzZFzs

n

z
Z

n
 

                                            2
)1( n

  

               
 

))()(1(
)()(Re lim1

izizz
zizZFzs

n

iz
iZ

n







  

                                            )2)(1(
)(

ii
i n


  

              
 

))()(1(
)()(Re lim1

izizz
zizZFzs

n

iz
iZ

n








 

                                             
)2)(1(

)(
ii

i n


  

                   f(n)  =sum  of the residue   of  zn-1 F(z) 

                           )2)(1(
)(

)2)(1(
)(

2
)1(

ii
i

ii
i nnn







  

                           















))(1(

)(
))(1(

)()1(
2
1

ii
i

ii
i nn

n  



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 44 
 

                           













)1)(1(
)1()()1()()1(2

2
1

iii
iiiii nnn

 

                          























 






 


i

ninininii

2
2

sin
2

cos)1(
2

sin
2

cos)1(2

2
1



 

           




 

2
sin

2
cos

2
sin

2
cos

2
sin

2
cos

2
sin

2
cos2

4
1  nnininnninini
i

 

           




 

2
sin2

2
cos22

4
1  ninii
i  

    Result:      

               
f(n) 



 

2
sin

2
cos1

2
1  nn

 
 

30. Find   











42

2
1

z
zZ

 
                                               [AU N/D 2010, A/M 2003,2004] 

       Solution: 

              











4

)( 2

2

z
zZF          ,

  )()(1 nfzFZ 

 

         iziz
z

z
zZFZ

nn
n

224
)(

1

2

1
1










 

       The poles are z=2i, z=-2i 

               
 

)2)(2(
)2()(Re

1

2
2

1 lim iziz
zizZFzs

n

iz
iZ

n











 

                                             i
i n

4
)2( 1


 

                                             =
2
)2( ni  

                                            
nn i)()2( 1  

            
 

)2)(2(
)2()(Re

1

2
2

1 lim iziz
zizZFzs

n

iz
iZ

n











 

                                           )4(
)2( 1

i
i n







 

                                           )4(
)2)(2(

i
ii n




  

                                           
nn i)()2(

2
1


 

                                           
nn i)()2( 1    

          
Result:     

 

        )(nf {Sum of the residue of zn-1 F (z) at its Poles} 
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nnnn ii )()2()()2( 11  

 

                  




  

2
sin

2
cos

2
sin

2
cos2 1  ninninn

   



 

2
sin

2
cos)(  nini n

 

                  2
cos.2 nn             

   
   

  31. Using residue method, find  











)22( 2
1

zz
zZ

                  
 

        Solution:                                                                         [AU A/M 2007, ’08, ’15 ‘16] 
 

                
)(

)22( 2 zF
zz

zLet 


          ,      )()(1 nfzFZ 
 

                      

1
2

1

)22(
)( 


 nn z

zz
zZFz  

         The poles are z=1+i, z=1--i (simple poles) 

             
 

)]1()][(1([
)]1([)(Re lim

1
1

1

iziz
zizZFzs

n

iz
iZ

n








 

                                             i
i n

2
)1( 

  

             
 

)]1()][(1([
)]1([)(Re lim

1
1

1

iziz
zizZFzs

n

iz
iZ

n







  

                                             i
i n

2
)1(




  

   
               

Result:     
             

                                    f(n)  = Sum  of the residue   of  zn-1 F(z) 

         
 

                                           







 





i
i

i
i nn

2
)1(

2
)1(

        
32. Using the inversion integral method (Residue Theorem), find the inverse Z-  

       transform of   
  42

)( 2

2




zz
zzU

                                         [AU N/D 2015] 
       Solution:        

 

          
   









42

)( 2

2

zz
zZU          ,   )()(1 nuzUZ 

 

       
      izizz

z
zz

zZUZ
nn

n

22242
)(

1

2

1
1










 

       The poles are z=-2, z=2i, z=-2i  

                   )2)(2(2
)2()(Re

1

2
2

1 lim izizz
zzzUzs

n

z
Z

n










 

                                               ii

n

2222
)2( 1






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                                             =
)44(

)2( 1


 n

 

                                            8
)2( 1


n

 

                   )2)(2(2
)2()(Re

1

2
2

1 lim izizz
zizzUzs

n

iz
iZ

n










 

                                               ii
i n

422
)2( 1






 

                                             =
)1(8

)2( 1

ii
i n





 

                                            )1(4
)2(

i
i n


  

                 )2)(2(2
)2()(Re

1

2
2

1 lim izizz
zizzUzs

n

iz
iZ

n










 

                                               )4(22
)2( 1

ii
i n







 

                                             =
)1)(8(

)2( 1

ii
i n


 

 

                                            )1(4
)2(
i

i n




  
        

Result:      

                       
         )(nu {Sum of the residue of zn-1 F (z) at its Poles} 

                                           )1(4
)2(

)1(4
)2(

8
)2( 111

i
i

i
i nnn













 

  33. Evaluate 
   










213
9

2

3
1

zz
zZ  , using calculus of residues.       [AU N/D 2016]   

        Solution: 

                          Let  
   










213
9)( 2

3

zz
zZF         ,   )()(1 nfzFZ   

                            













213
9)( 2

2
1

zz
zzFz

n
n  

          The poles of )(1 zFz n are     0213 2  zz  
                                polesimpleaisz 2  

                                2
3
1 orderofpoleaisz   

        
   

   

















213
92)(Re 2

2

2
2

1 lim zz
zzZFzs

n

z
Z

n  

                                      25
2.9 2


n
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 

   


















 








213
9

3
1

!1
1)(Re 2

22

3
13

11 lim zz
zz

dz
dZFzs

n

z
Z

n  

                                     














2

2

3
1

lim z
z

dz
d n

z

 

                                     

  
  
















2

21

3
1 2

22lim z
zznz nn

z

 

                                     

 








































 





9
25

3
1

3
12

3
5 21 nn

n
 

                                     

 
















































9
25

9
1

3
12

3
5

3
1

nn

 

                                     
 115

25
1

3
1















 n

n

 

                            
 115

25
1

3
1

25
2.9)(

2



















nnf
nn

 

                   
            

   
  

 
 
 

  
34. State and Prove the Final Value Theorem.                                           

 (OR) 

         If   )()( zFnfZ   then  )()1(
1

lim
)(

lim
ZFz

z
nf

n





            [AU A/M 2007] 
       Proof: 

                n

n
znfnfZ 




 

0

)1()1(  

                  mnPut 1  

                        





1

1)()(
m

mzmfmfZ  

             
 )0()( fzFz   

      
  )()1()()0()( nzfnfzzFzfZzFLet 

                       

      
 






0

)()1()0()()1(
n

nznfnfzfzFz
 

     1lim zasitsTaking  

        
 






 0

)()1()0()()1(
1

lim

n
nfnffzFz

z          

                                               

   
   














)()1(...)2()3(
)1()2()0()1(lim

nfnfff
ffff

n  
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 )0()1(

lim
fnf

n



  

                                               )0()(
lim

fnf
n





 

                    
)(

lim
)()1(

1
lim

nf
n

zFz
z 


  

                    
)(

lim
)()1(

1
lim

nf
n

zFz
z 


                      

 

   
35. State and Prove the Second Shifting Theorem.                        [AU A/M 2013] 

(OR) 
       If   )()( zFtfZ   then prove that   )0()()( zfzzFTtfZ 

      
 

      Proof: 

               
  






0

)()(
n

nzTnTfTtfz  

                                 






0

1.)1(
n

nzzTznf  

                                 






0

)1()1(
n

nTznfz  

         Put n+1=m            n=0→m=1 
                                      n=∞→m=∞ 

                 
  






1

)()1(
m

mzmTfznfZ  

                                   








 





 )0()(
0

fzmTfz
m

m  

                                   ).0()( zfzzF   
 
36. Find ][cos nZ and ][sin nZ .  
      Solution:                                                             [AU N/D 2002, M/J 2005, ‘08, ‘13, ‘16]   

                   We know that,      
az

zaZ n


  

          
ieaput   

                       


i

ni

ez
zeZ


  

                          
)sin(cos 



iz
zeZ in


  

             



sin)cos(

sincos
iz

zninZ


  

                                           



 sin)cos(
sin)cos(

sin)cos( iz
iz

iz
z







  

                                           



22 sin)cos(
sin)cos(





z

izzz  
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


222 sincos2cos

sin)cos(





zz
izzz  

                          
1cos2

sin)cos(
2 







zz
izzz  

        
1cos2

sin
1cos2

)cos(]sin[cos 22 












zz
iz

zz
zzniZnZ

 
 
           Equating real and Imaginary parts, we get 
 

           
1cos2

)cos(cos 2 







zz

zznZ
           

 
1cos2

sinsin 2 






zz

znZ
                       

 

              Put 
2
                                           Put 

2
   

          
Result:      

                 
 

12
cos 2

2








z
znZ 

                     12
sin 2 







z
znZ 

 
 

37. Find the Z-transform of 







4
sin2 n

and 





 

42
cos n

.                      [AU N/D 2012] 

      Solution:                                                                    

        To find: 















4
sin 2 nZ                                        

         We know that   
2

2cos1sin 2  


                                   
We know that

             
                                        

                            
2

2
cos1

4
sin 2




n
n 









                            1cos2
)cos(][cos 2 







zz
zznZ

 
                                             

2
cos

2
1

2
1 n


                                
Put 

2


  we get 

        
              




















2
cos

2
1)1(

2
1

4
sin 2  nZZnZ                 

12
cos 2

2








z
znZ   

                                             


















12
1

12
1

2

2

z
z

z
z     

                                            
 














112

1
2

2

z
z

z
z                                                                              

                                                                   

           To find: 













 

42
cos nZ                                     

            We know that , BABABA sinsincoscos)cos(      

                               
4

sin
2

sin
4

cos
2

cos
42

cos  nnn







   
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2

1
2

sin
2

1
2

cos  nn
  

                                                     



 

2
sin

2
cos

2
1  nn        

                       



 














 

2
sin

2
cos

2
1

42
cos  nnZnZ  

                                                      









2
sin

2
1

2
cos

2
1  nZnZ  

                                                      
12

1
12

1
22

2







z
z

z
z

 

                                                      











1
1

12 22 zz
zz  

                                                      









1
1

2 2z
zz  

                
Result:       

                                  
                     

 12
1

2 



z
zz    

 
38. Find the Z-transforms of nr n cos  and  bte at cos  
       Solution:                                                                                          [AU A/M 2014] 

       (i)   We know that  
az

zaZ n


  

                                     Put  iera   

                         


i

ni

erz
zerZ


  

                       
)sin(cos 



irz
zerZ inn


  

                



sincos

)sin(cos
irrz

zninrZ n


  

                                                     



 sin)cos(
sin)cos(

sincos irrz
irrzx

irrz
z





  

                                                     



222 sin)cos(
sin)cos(

rrz
irzrzz




  

                                                     



22222 sincos2cos

sin)cos(
rzrrz

irzrzz



  

                                                     
)sincos(cos2

sin)cos(
2222 







rzrz
irzrzz  

                                                     
22 cos2

sin)cos(
rzrz

irzrzz






  

                22 cos2
sin)cos(sincos
rzrz

irzrzznrinrZ nn








  

          Equating real and imaginary parts, we have  
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                    ,
cos2

)cos(cos 22 rzrz
rzznrZ n








   22 cos2
sinsin

rzrz
rznrZ n







               

 
         (ii)     aTezz

at zFtfeZ 
  )()(  

                     Here  bttf cos)(   
                   aTezz

at btZbteZ 
  )(coscos       (By shifting property) 

                                    
atezzbTzz

bTzz













1cos2

)cos(
2   

                 
Result:      

                
                       

1cos2
)cos(

22 



bTzeez
bTezez

aTaT

aTaT

   

39. Find Z – Transform of
)2)(1(

32



nn

n

                     
[AU M/J 2017, N/D 2017]  

             
      Solution: 

          
Let  

)2)(1(
32)(





nn
nnf

 
          Let  

21)2)(1(
32










n
B

n
A

nn
n

 

                             
   1232  nBnAn

 

                    1,2
1,1




Bn
AnPut

 

                      2
1

1
1)(







nn
nf

 

                      
  )1(....................

2
1

1
1)(























n
Z

n
ZnfZ

 

                    



















 1
log

1
1

z
zz

n
Z

 

                       ........1
4
11

3
1

2
1

2
1

2
1 2

0




















 






zz
z

nn
Z

n

n  

                                                                       
































 ........1

4
11

3
11

2
1 432

2

zzz
z  

                                                                       














 

zz
z 111log2  

                                                                       z
z

zz 










1
log2  

                    Substitute in (1),  we get
 

                      
  z

z
zz

z
zznfZ 





















1
log

1
log)( 2

 



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 52 
 

                                    
z

z
zzz 











1
log)1(

 

40. Find 
  












)1(12
4

2

3
1

zz
zZ by the method of partial fractions. [AU M/J 2017]

 
      Solution:                 

 

           











)1(12
4)( 2

3

zz
zzFLet

 

                  











)1(12
4)(

2

2

zz
z

z
zF

 

                    22

2

1212)1()1(12
4










 z
C

z
B

z
A

zz
z

 

                    
      1112124 22  zCzzBzAz            

 

            
60,2

2
1,41  BzCzAzput  

                      212
2

12
6

)1(
4)(










zzzz
zF

 

                    
2

2
12

1

2
1

3
)1(

4)(







 








 






z

z

z

z
z

zzF
 

                
  2

2
1

2
1

2
1

3
)1(

4)(







 








 






z

z

z

z
z

znfZ
 

                  
 



























 


























 











 
2

111

2
1

2
1

2
1

3
)1(

4)(
z

z
Z

z

zZ
z

zZnf
 

                    

nn

nnf 














2
1

2
134)(

 

     
 

 41. Find 











)1)(1(
)(

2

2
1

zz
zzZ

                 
 

        Solution:                                                         [AU N/D 2014]                                  

            
)(

)1)(1( 2

2

zF
zz

zzLet 


              

              
            

z
zF

zz
z )(

)1)(1(
)1(

2 


  

                     )1()1()1)(1(
)1(

22 









z

CBz
z

A
zz

z
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  )1()1()1( 2  zCBzzAz

 

                         

1
0

1,1
2






B
BA

zoftcoefficientheComparing
AthenzPut

 

                              

0
1



C

CB
zoftcoefficientheComparing

 

                         
)1()1(

1)(
2 





z

z
zz

zF                                                                                                                              

                         
)1()1(

)( 2

2







z
z

z
zZF  

               
Result:      

            
      

 

0,
2

cos1

)1()1(
)( 2

2
111























 

nn
z

zZ
z

zZZFZ

n 
 

42.  If 
 3

3

1
)(





z

zzzU , find the value of  210 , uanduu
               [AU N/D 2015]

 

      Solution: 

          
             

3

2

)1(
)1()(





Z
ZZZU         ,   )()(1 nfzFZ   

                    
3

2
1

)1(
)1()(




 

z
zzzUz

n
n  

                      z =1 is a pole of order 3 

        
  

















3

2
3

2

2

1
1

1

)1(
)1(.)1(

!2
1)(Re lim z

zzz
dz
dZUzs

n

z
Z

n  

                                     
 )1(

2
1 2

2

2

1
lim 



zz
dz
d n

z
 

                                     
 12

1
)1()2(

2
1lim 



 nn

z
nzzzz

dz
d  

                                     
   2211

1
112..22

2
1lim 



 nnnn

z
znznznznzzz  

                                     
 )1(2222

2
1

 nnnn  

                                     
 nnn 2242

2
1 2   

                                     
 2222

2
1 nn   

                                     
21 nn    
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Result:      

            
                 21)(

)(
nnnu

residuestheofSumnu




 

                             7)2(
3)1(
1)0(





u
u
u

 

43.Find the inverse Z- transform of   
  

2 3
5 2

z z
z z


 

 using residue theorem.
 

                                                                                      [AU  A/M 2018] 
       Solution:        

 

          Let 
 

    
2 3
5 2

z zf z
z z

 
    

           

        
  

1 3
f(z)

5 2

n
n z z

Z
z z

 
 

   

         Z = 5, Z = -2 are simple pole.       
                  1 1

5
5

Re f( ) ( 5)limn n
Z

z
s z z z z f z 




   

                                             
 

   5

3
( 5)

5 2lim
n

z

z z
z

z z


 

   

                                             
2(5)

7

n

  

                  1 1

2
2

Re f( ) ( 2)limn n
Z

z
s z z z z f z 




   

                                             

 
   2

3
( 2)

5 2lim
n

z

z z
z

z z


 

   

                                             
5( 2)

7

n
  

        
Result:      

                       
         1z f z    {Sum of the residue of zn-1 f (z) at its Poles} 

                         
2

1 3 2(5) 5( 2)
5 2 7 7

n nz zz
z z

   
      

44. Find the inverse Z –transform of   
 

3

21 ( 2)
z

z z 
by method of partial fractions.  

                                                                                                                [AU N/D 2017]
       Solution:                 

 

          

3

2( )
1 ( 2)

zLet F z
z z


   
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                 

2

2
( )

1 ( 2)
F z z

z z z

 
  

     

                    

2

2 2( 1)1 ( 2) 1 2
z A B C

zz z z z
  

     

                    
      22 1 2 2 1z A z z B z C z                  

 
            

1 1, 2 4, 0 3put z B z C z A            

                      2

( ) 3 1 4
( 1) 21

F z
z z zz


  

   

                       2

3 4( )
( 1) 21

z z zF z
z zz


  
   

                
 

   2

3 4( )
( 1) 21

z z zZ f n
z zz


  
   

                  
 

   
1 1 1

23 4
( 1) 21

z z zf n Z Z Z
z zz

  
    

                 

                    

   ( ) 3 1 4 2n nf n n   
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ANNA UNIVERSITY IMPORTANT QUESTIONS 

1. Using Convolution Theorem, Find the  











)3)(4(

2
1

zz
zZ

  
                                                                             [AU N/D 2010,2015] Refer Page No: 18 

2. Using Convolution theorem, find the value of  











)3()2( 2

3
1

zz
zZ

 
                                                                             [AU N/D 2010]    Refer Page No: 18 

3. Using Convolution theorem finds the inverse z- transform  







 )12)(17(

14 2

zz
z

     
                                                                                                           Refer Page No:19  

 
4. Using Convolution Theorem Find the value of   

























 





 



2
1

4
1

2
1

zz

zZ

 

`                                                                      
[AU A/M 2012]  Refer Page No:20 

5. Using Convolution theorem,   Find  










2

2
1

)( az
zZ

                 
[AU N/D 2007, M/J 2016] 

                                         (or)                                                               Refer Page No: 21 
                Find  211 )1(   azZ

  

6. Using convolution theorem find the inverse Z- transform 







 )3)(1(

2

zz
z  

                                                              
                                                                          [AU N/D 2006, 2013] Refer Page No: 22 

 
7. Find 












)14)(12(
8 2

1

zz
zZ  Using Convolution Theorem. [AU A/M 2010] 

                                                                                                             
Refer Page No:22 

8. Using Convolution Theorem, Find the  











))((

2
1

bzaz
zz

  
                                                                          Refer Page No:23 [AU A/M 2013, 2014] 
      
9. Solve  n

nnn yyy 234 12    with 00 y  and 11 y  using Z-transform 
                                                        [AU N/D 2010, A/M 2005,2006]  Refer Page No:24

   
10.  Solve the Equation  n

nnn yyy 223 12    given that  010  yy  
                                                              [AU A/M 2008, 2009, 2011]  Refer Page No:25 
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11. Using Z-transform solve nnUnUnU 4)(6)1(5)2(   given that    
        1)1(,0)0(  UU                              [AU A/M 2005 N/D 2009] Refer Page No:26 
  
12. Solve by using Z –transform n

nnn yyy 334 12   , given that 00 y ;     
      11 y  .                                            [AU A/M 2009, 2010 N/D 2015]  Refer Page No:27 
13. Solve the differential equation 0)(4)1(4)2(  kykyky  where 
         = ,  y 0 1 y 1 0                      [AU N/D 2005, 2009, A/M 2009]  Refer Page No:28 
 
14. Solve the difference equation 0)2(4)1(3)(  nynyny   , 2n , given      
      that     a     y 0 3 nd y 1 2 .                             [AU A/M 2006]   Refer Page No:29 
15. Solve using Z-transform, 0103 12   nnn yyy  given 10 y  and 01 y  
                                              [AU N/D 2002,’08,’09, A/M 2013, 2014]  Refer Page No:30 
16. Solve the difference equation 0)1()0(,1)()2(  yykyky , using  
       Z-transform                                                          [AU A/M 2012]    Refer Page No:31 
17. Solve the difference equation 0,2 102  yyyy nn , using  
       Z-transform.                                                          [AU M/J 2016]     Refer Page No:32 
 
18. Solve n

nn nyy 2.2  ,using Z-transform            [AU A/M 2012] Refer Page No:33 

19. Solve the difference using Z-transform       023 13   nnn yyy   given             
       that 8,0,0 210  yyy                                       [AU N/D 2012]   Refer Page No:35 
20. Solve n

nnn yyy 296 )()1()2(   given that  010  yy   [AU N/D 2012]  
                                                                                                             Refer Page No:36 
21. Solve using Z-transform, n

nnn uuu 423 12    given 00 u  and 11 u     
                                                                                       [AU A/M 2014]Refer page No.37

 
 

22. Solve the Equation  023 12   nnn yyy  given that  1,0 10  yy  
                                                                 [AU N /D 2014, A/M 2015] Refer Page No.39 
23. Using Z – transforms, Solve the equation n

nnn yyy 2127 12    given that       
      0,0 10  yy                                                      Refer Page No.39 [AU M/J 2017] 
 
24. Form the difference equation from BnAy n

n  2                      Refer Page No: 40 
 
25. Form the difference equation by eliminating the constants from   
       nn

n bay 22                                                                         Refer Page No:41 
26. Form the difference equation by eliminating the constants from   
          n

n BnAy 2                                                 [AU N/D 2013]  Refer Page No:41 

27. Find the z transform of 
)2)(1(

1
 nn                

 [AU N/D 2013]  Refer Page No:41   

28. Find  










3
1

)1(
)1(

z
zzz

                
[AU N/D 2007, A/M 2000, 2005]  Refer Page No:42 
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29. Find 











)1)(1( 2
1

zz
zz

 
        [AU A/M 2007, 2008 N/D 2000] Refer Page No:43

  

30. Find   











42

2
1

z
zz

               
 [AU N/D 2010, A/M 2003,2004]     Refer Page No:44 

31. Using residue method  











)22( 2
1

zz
zz

                  
 

                                                                      Refer Page No.45   [AU M/J 2007,’08,’15,’16] 
 
32. Using the inversion integral method (Residue Theorem), find the inverse Z-  

       transform of     42
)( 2

2




zz
zzU

                       
Refer page No.45 [AU N/D 2015]       

33. Evaluate 
   










213
9

2

3
1

zz
zZ  , using calculus of residues.  

Refer Page No:46 [AU N/D 2016]   
                       
34. State and Prove the Final Value Theorem.                                            

(OR) 

      If )()( zFtfz   then  )()1()( limlim
1

ZFztf
zt


       

                                                                                   [AU A/M 2007]  Refer Page No:47 
35. State and Prove the Second Shifting Theorem. 

(OR) 

      Pr ( 1) ( ) (0)ove that z f n zF Z Zf                    [AU A/M 2013]  Refer Page No:48 
 
36. Find .][cos nZ and ][sin nZ .  
                                                      [AU N/D 2002, A/M  2005.’08 ’13 ‘16]   Refer Page No:48 

37. Find the Z-transform of 







4
sin 2 n   and  






 

42
cos n     [AU N/D 2012] 

                                                                                         Refer Page No.49 
38. Find the Z-transforms of nr n cos  and  bte at cos

 Refer page No.50 [AU A/M 2014] 

39. Find Z – Transform of
)2)(1(

32



nn

n

        
Refer Page No:51

 
[AU M/J 2017]  

       

40. Find 
  












)1(12
4

2

3
1

zz
zZ by the method of partial fractions.  

Refer Page No:52
 
 [AU M/J 2017]

 
      

 

41. Find 











)1)(1(
)(

2

2
1

zz
zzz

                                         
Refer page No.52   [AU N/D 2014]   

42. If 
 3

3

1
)(





z

zzzU , find the value of  ., 210 uanduu       Refer page No.53
[AU N/D 2015] 



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 59 
 

)]1([ nnZ

43.Find the inverse Z- transform of   
  

2 3
5 2

z z
z z


 

 using residue theorem.
 

                                                                      [AU  A/M 2018]   [P.NO: 54] 

44. Find the inverse Z –transform of   
 

3

21 ( 2)
z

z z 
by method of partial fractions.  

                                                                        [AU N/D 2017]  [P.NO: 54]
  

 
 
 
 

Important Questions ( Z -Transforms) 
PART   -A 

1. Define Z- transform                                                  [May 2009, Apr 2007]   

2. Prove that az
az

zaz n 


            [Apr-2009, 2005, June-2000, Apr-99] 

3. Find                                                                                             z[n]                              [Dec 2010, Apr 2007, Apr 2000, MAY 2013] 

4. Find Z{f(n)} if 







0n, 0
0n,n

  =   f(n)                              [Dec 2008,  May 2007] 

5.  Find 







n!
a n

Z   in    Z- transform                                                 [Nov -2005] 

6. Find       ]Z[a |n|                           [Dec-2010, Apr-2009, May-2002,Apr -2000]   
7. Find      1-Z n                                                          [May 2010 , Mar  2005] 
8.  Find    aneZ                                                             [Apr. 2008 and 2007] 
9.  Find ][a Z 1-n  

10. Find 







1)+n(n

1  Z  

11. Find  Zቂ݊݅ݏ ௡గ
ଶ
ቃ                                                        [Dec 2009   ,Apr 2007] 

12. Prove that    Z [n f (n)]   = -Z ௗ
ௗ௭

 {(ܼ)ܨ}   
13. Find the Z transform of k

n c  
14.  Find   )( 2nZ                                                        [A.U. MAY/JUNE 2014] 
15. Find   ][ 2 cbnanZ 

 16. Find 
                                                                        

[May 2009, Apr2007] 

]nsin  [a   ZFind 17. n 
                                                          

[Apr 2005, 2007]    
 18. Find  Z(nan)                                                                     [Nov/Dec-2010] 

19. Find z[an/n!]
    

 

20. Find the Z-Transform of  (1/n!) 
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21 . Find the Z-Transform of  (n+1)(n+2) 

22. Find the Z-Transform of 1/n        [A.U. Nov 2013]    

23. Define Unit step sequence 

24. Define unit impulse sequence                                        [May 2005, Apr 2004] 

25. Prove Initial value theorem                                            [Dec2007, Apr2004] 

26. State and Prove first shifting theorem   

27. State and Prove second shifting theorem   

If.28    
1cos2

)cos()( 2 



aTzz
aTzzZF       Find f (0)  

Find..29 the final  value of the function     2

1

25.01
1)( 







z

zzF      [May2009, Apr2007] 

30. Define inverse z- transform with example 

31. State initial and final value theorem in   Z-transform                          

32. Define convolution of two sequences.                [Apr 2005&2003] 

33. State   convolution theorem on Z-transforms     [A.U. MAY/JUNE 2014] 

 
34. Form a difference equation by eliminating the arbitrary constant A    
       form   n

n A.3=Y                                              [May 2009, Apr 2007, Nov 2010] 
35. Form a difference equation by eliminating arbitrary constant from 12  n

n aU
  

36. Find the inverse Z-Transform of 







 2)1(z
z

             
 [A.U. NOV 2013]        

37.  Find the inverse Z-Transform of 







 )2)(1( zz

z

          
 [A.U. May 2013]  

38.  Find the inverse Z-Transform of 







 )2)(1( zz

z

 

Find.39 











))((

2
1

bzaz
zz                                            [Nov 2008, Dec 2007] 

40. If 






 





 





 



4
3

4
1

2
1

)(
2

zzz

zzf  find f(0)   
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PART – B 

1. a)Using Convolution Theorem, Find the  











)3)(4(

2
1

zz
zZ

  
                                                                             [AU N/D 2010,2015] Refer Page No: 18 

   b) Using Convolution theorem, find the value of  











)3()2( 2

3
1

zz
zZ

 
                                                                             [AU N/D 2010]    Refer Page No: 18 

2. a) Using Convolution theorem finds the inverse z- transform  







 )12)(17(

14 2

zz
z

     
                                                                                                           Refer Page No:19  

    
b) Using Convolution Theorem Find the value of   

























 





 



2
1

4
1

2
1

zz

zZ

 

`                                                                      
[AU A/M 2012]  Refer Page No:20 

3. a) Using Convolution theorem,   Find  










2

2
1

)( az
zZ

                 
[AU N/D 2007, M/J 2016] 

                                         (or)                                                               Refer Page No: 21 
                Find  211 )1(   azZ

  

   b) Using convolution theorem find the inverse Z- transform 







 )3)(1(

2

zz
z  

                                                                 
                                                                          [AU N/D 2006, 2013] Refer Page No: 22 

 
4.a)Find 












)14)(12(
8 2

1

zz
zZ  Using Convolution Theorem. [AU A/M 2010] 

                                                                                                             
Refer Page No:22 

    b) Using Convolution Theorem, Find the  











))((

2
1

bzaz
zz

   
                                                                          Refer Page No:23 [AU A/M 2013, 2014] 
      
5. a)Solve  n

nnn yyy 234 12    with 00 y  and 11 y  using Z-transform 
                                                        [AU N/D 2010, A/M 2005,2006]  Refer Page No:24

     b) Solve the Equation  n
nnn yyy 223 12    given that  010  yy  

                                                              [AU A/M 2008, 2009, 2011]  Refer Page No:25 
6. a)Using Z-transform solve nnUnUnU 4)(6)1(5)2(   given that    
        1)1(,0)0(  UU                              [AU A/M 2005 N/D 2009] Refer Page No:26 
     b) Solve by using Z –transform n

nnn yyy 334 12   , given that 00 y ;     
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      11 y  .                                            [AU A/M 2009, 2010 N/D 2015]  Refer Page No:27 
7.a)Solve the differential equation 0)(4)1(4)2(  kykyky  where 
         = ,  y 0 1 y 1 0                      [AU N/D 2005, 2009, A/M 2009]  Refer Page No:28 
   b) Solve the difference equation 0)2(4)1(3)(  nynyny   , 2n , given      
        that     a     y 0 3 nd y 1 2 .                             [AU A/M 2006]   Refer Page No:29 
8. a) Solve using Z-transform, 0103 12   nnn yyy  given 10 y  and 01 y  
                                              [AU N/D 2002,’08,’09, A/M 2013, 2014]  Refer Page No:30 
    b) Solve the difference equation 0)1()0(,1)()2(  yykyky , using  
         Z-transform                                                          [AU A/M 2012]    Refer Page No:31 
9. a) Solve the difference equation 0,2 102  yyyy nn , using  
         Z-transform.                                                          [AU M/J 2016]     Refer Page No:32 
    b) Solve n

nn nyy 2.2  ,using Z-transform            [AU A/M 2012] Refer Page No:33 

10.a)  Solve the difference using Z-transform       023 13   nnn yyy   given             
          that 8,0,0 210  yyy                                       [AU N/D 2012]   Refer Page No:35 
     b) Solve n

nnn yyy 296 )()1()2(   given that  010  yy   [AU N/D 2012]  
                                                                                                             Refer Page No:36 
11. a) Solve using Z-transform, n

nnn uuu 423 12    given 00 u  and 11 u     
                                                                                       [AU A/M 2014]Refer page No.37

 
 

     b)  Solve the Equation  023 12   nnn yyy  given that  1,0 10  yy  
                                                                 [AU N /D 2014, A/M 2015] Refer Page No.39 
12.a) Form the difference equation from BnAy n

n  2                      Refer Page No: 40 
     b)  Form the difference equation by eliminating the constants from   
          nn

n bay 22                                                                         Refer Page No:41 
13. a) Form the difference equation by eliminating the constants from   
            n

n BnAy 2                                                 [AU N/D 2013]  Refer Page No:41 

      b) Find the z transform of 
)2)(1(

1
 nn                

 [AU N/D 2013]  Refer Page No:41   

14. a) Find  










3
1

)1(
)1(

z
zzz

                
[AU N/D 2007, A/M 2000, 2005]  Refer Page No:42 

      b) Find 











)1)(1( 2
1

zz
zz

 
        [AU A/M 2007, 2008 N/D 2000] Refer Page No:43

  

15.a) Find   











42

2
1

z
zz

               
 [AU N/D 2010, A/M 2003,2004]     Refer Page No:44 

     b) Using residue method  











)22( 2
1

zz
zz

                  
 

                                                                      Refer Page No.45   [AU M/J 2007,’08,’15,’16] 
16.a) Using the inversion integral method (Residue Theorem), find the inverse Z-  

         transform of     42
)( 2

2




zz
zzU

                       
Refer page No.45 [AU N/D 2015]                             

     b) State and Prove the Final Value Theorem.                                            



MA8353-Transforms and Partial Differential Equations        Unit – V      Z-Transform and Difference Equations 
 

Department of Mathematics                          Mailam Engineering College Page 63 
 

(OR) 

         If )()( zFtfz   then  )()1()( limlim
1

ZFztf
zt


       

                                                                                   [AU A/M 2007]  Refer Page No:47 
17. a) State and Prove the Second Shifting Theorem. 

(OR) 

          Pr ( 1) ( ) (0)ove that z f n zF Z Zf                    [AU A/M 2013]  Refer Page No:48 
      b) Find .][cos nZ and ][sin nZ .  
                                                      [AU N/D 2002, A/M  2005.’08 ’13 ‘16]   Refer Page No:48 

18. a) Find the Z-transform of 







4
sin 2 n and 






 

42
cos n [AU N/D 2012]Refer Page No.49 

     b) Find the Z-transforms of nr n cos  and  bte at cos
 Refer page No.50 [AU A/M 2014] 

19. a) Find 











)1)(1(
)(

2

2
1

zz
zzz

                                         
Refer page No.52   [AU N/D 2014]   

       b) If 
 3

3

1
)(





z

zzzU , find the value of  ., 210 uanduu Refer page No.53
[AU N/D 2015]
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