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B. Tech./ Semester-III / Engineering Mathematics-III / Lab Manual 

Course outcomes:  

Engineering Mathematics-III 

1. Define eigen values, eigen vectors, Laplace transforms and Fourier series. 

2. Extend the knowledge of matrices to reduce quadratic form to canonical form. 

3.  Apply Laplace transforms of commonly used functions and its properties. 

4. Examine Linearly dependence and independence of the vectors. 

5. Construct Fourier series for the function in the interval [ , 2 ]α α π+  and [ , 2 ]cα α + . 

6. Solve problems using applications of Laplace transforms, matrices and Half range sine 

and cosine series. 

 

TUTORIAL 1 

1. Test for consistency the following equations and if possible solve them: 

 (i) .22,922,12 =−+=++=−+ zyxzyxzyx  

 (ii) 13652,043,1083 321321321 =++=−+−=−− xxxxxxxxx . 

 (iii) 727,032,46 =−−−=−−−=++ zyxzyxzyx . 

 (iv) 532,2310,42,1233 =−−−=+=+=++ zyxzyyxzyx  

 (v) 3 4, 2 7, 2 4 4 6, 3 4 11x y z x y z x y z x y+ − = + + = − + = + =  

 (vi) 1 2 3 1 2 3 1 2 32 4, 3 3,4 2x x x x x x x x x+ + = − + = − − =  

2. For what value of λ  the equations 12,22,123 −=−+=++=+− zyxzyxzyx λλ , will 

have no unique solution? Will the equations have any solution for this value of  λ . 

3. For what value of λ , the following system of equations possesses a non-trivial solution? Obtain 

the solution for real values of λ : 

 042,0324,03 321321321 =++=−−=−+ xxxxxxxxx λλλ  

4. Investigate for what values of λ  and µ  the equations  

(1) µλ =++=++=++ zyxzyxzyx 3,543,432  have (i) no solution (ii) a unique 

solution (iii) an infinite no. of solutions. 

(2) 2 3 5 9, 7 3 2 8, 2 3x y z x y z x y zλ µ+ + = + − = + − =  have (i) no solution (ii) a 

unique solution (iii) an infinite no. of solutions. 
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5. Solve the following equations: 

 (i) 0652,032 321321 =++=+− xxxxxx  

 (ii) 032,02,0 321321321 =++=++=+− xxxxxxxxx . 

 (iii) 054,023,032 321321321 =+−=++=+− xxxxxxxxx . 

 (iv) 1 2 3 4 1 2 3 4 1 2 40, 2 0, 3 0x x x x x x x x x x x+ − + = − + − = + + =
 

 (v)  1 2 3 1 2 3 1 2 3 1 2 32 3 0, 2 3 0, 4 5 4 0, 2 2 0x x x x x x x x x x x x+ + = + + = + + = + − =  

 

TUTORIAL 2 

1. Examine whether the following vectors are linearly independent or dependent. If linearly 

dependent find the relation between: 

 (i) [ ] [ ] [ ]2,0,3,1,1,2,1,1,1 −  (ii) [ ] [ ] [ ]1,4,0,3,2,2,4,1,3 −−−   (iii) [ ] [ ] [ ]0,0,1,0,1,1,1,1,1                       

(iv) [ ] [ ] [ ]1,2,1,1,3,1,1,1,2 −  (v) [ ] [ ] [ ]1, 2,1 , 2,1, 4 , 4,5,6 ,[1,8, 3]−                                          

(vi) [ ] [ ] [ ]1, 2, 1,0 , 1,3,1, 2 , 4, 2,1, 0 ,[6,1,0,1]−                                                                                

(vii) [ ] [ ] [ ]1,3, 4, 6 , 0,1,6,0 , 2, 2, 2, 3 ,[1,1, 4, 4]− − − − , (viii) [ ] [ ] [ ]2,1, 1,1 , 1, 2,1, 1 , 1, 2, 2,1− −  

2. Find the characteristic equation, eigen values and eigen vectors of the following matrices: 

 (i) 

















−

−

−

211

121

112

 (ii) 

















433

232

112

         (iii) 

















−

−−

−

311

151

113

 (iv) 















 −

322

121

101

 

(v) 

3 10 5

2 3 4

3 5 7

 
 − − − 
  

  (vi) 

7 2 0

2 6 2

0 2 5

− 
 − − 
 − 

 (vii) 

6 2 2

2 3 1

2 1 3

− 
 − − 
 − 

 (viii) 

1 2 2

2 1 2

2 2 1

 
 
 
  

       

(ix) 

8 6 2

6 7 4

2 4 3

− 
 − − 
 − 

 (x) 

2 2 2

1 1 1

1 3 1

− 
 
 
 − 

 

TUTORIAL 3 
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1. For the matrix 

















−

−

−

=

120

031

221

A ,  prove that IAAA 9521 +−=−
. 

2. For the matrix 

















−

−=

113

412

321

A , prove that [ ]IAAA 18
40

1 21 −+=−
. 

3. For the matrix 

















−

−−

−

=

211

121

112

A , prove that [ ]IAAA 96
4

1 21 +−=−
. 

4. Find the characteristic equation of the following matrices and obtain the inverse: 

 (i) 

















−

−−

−

211

121

112

 (ii) 

















302

120

201

          (iii) 

















−−−

−

442

331

311

        (iv) 

















210

113

321

  

5. Find the characteristic equation of the matrix given below and verify that it satisfies Cayley-

Hamilton theorem: 

 (i) 

















010

101

001

           (ii) 

















−

−−

−

211

121

112

          (iii) 
















−

121

211

312

          (iv) 

















−

−

012

301

311

 

6. Find the characteristic equation of the matrix A and hence find 1−A   and 4A . 

 (i) 

















−

=

212

100

011

A  (ii) 

















−

−

=

201

020

102

A   (iii)   

















−−−

−=

442

331

311

A  

 

7. Find the characteristic equation of the matrix A given below and hence, find the matrix 

represented by  

 (i) IAAAAAAA +−−−−−− 3320434204 234567
, where 
















=

121

324

731

A  

(ii) IAAAAAA −+−++− 212496 23456
, where 
















−−−=

753

432

5103

A  



4 

 

8. 







=

42

01
A  , find eigen values of IAA 234 1 ++− . (Ans: 9,15) 

9. 















−

−

=

241

032

001

A , find eigen values of 2A . (Ans: 1,9,4) 

10. 







=

21

03
A  , find eigen values of IAA 43 '2' +− . (Ans: 4,2) 

11. Two of the eigen values of a 3 x 3 matrix whose determinant is 6 are 1,3. Find the third 
eigen value. (Ans: 2) 

12. The sum of the eigen values of a 3 x 3 matrix is 6 and the product of the eigen values is 
also 6. If one of the eigen value is one, find other two eigen values. (Ans: 2,3)     

13. Find the sum & the product of the eigen values of the matrix 

a) 






 −
=

22

48
A  , b) 

















−

−−

−

=

342

476

268

A  , c) 

















−−

−−

−−

=

14219

7105

592

A    

14.Using Cayley-Hamilton Theorem, find matrix represented by 









=+−

11

41
    where9 27 AIAA    

15Using Cayley-Hamilton Theorem, find matrix represented by 









=+−−

22

21
    where6752 34 AIAAA    

16. Using Cayley-Hamilton Theorem, find matrix represented by 

9 8 7 6

1 2 3

6 10 3   where  1 3 1

1 0 2

A A A A A I A

 
 − + − + + = − 
  

 

17. Using Cayley-Hamilton Theorem, find matrix represented by 
















=+−+−+−+−

211

010

112

    where285375 2345678 AIAAAAAAAA   

18. Using Cayley-Hamilton Theorem, express matrix B as a quadratic polynomial in A, also 
find B, where  
















=++−−++−−=

653

542

321

given    2311411 2345678 AIAAAAAAAAB   
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19. Find 321 ,, −−− AAA  if  

















−−−

=

341

231

664

A  

20. Find 4321 &,, AAAA −−  if  
















=

132

113

211

A  

 

 

 

TUTORIAL 4 

 

1. Show that the matrix A is diagonalizable. Find the transforming matrix and the 
diagonal matrix. 

(i) 
















−

−−

−

=

342

476

268

A  ( 15,3,0=λ )      (ii)

















−

−−

−−

=

143

234

288

A ( 2,3,1=λ ) 

(iii) 

















−

−

−

=

7816

438

449

A  ( λ = -1,-1,3)           (iv)   

















−−

−−

=

360

240

461

A  ( λ = 0,1,1) 

(v) 

















−

−−

−

=

312

132

226

A  ( λ = 2,2,8)            (vi) 

















−−

−

−−

=

021

612

322

A  ( λ = 5,-3,-3) 

(vii) 
















=

300

021

161

A  ( λ = -1,3,4)                    (viii) 
















=

200

020

321

A   ( λ = 1,2,2) 

(ix) 
















−=

100

120

432

A  ( λ = 2,2,1)                   (x) 

















−

−−

−

=

311

151

113

A   ( λ = 2,3,6) 
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2. Show that the matrix 

















−

−−

−−

=

143

234

288

A  is diagonalisable. Find the transforming matrix 

and the diagonal matrix. 

3. Show that the matrix 
















−=

100

120

432

A  is not similar to a diagonal matrix. 

4. Show that the matrix 

















−−

−−

=

360

240

461

A  is similar to a diagonal matrix. Also find the 

transforming matrix and the diagonal matrix. 

5. Reduce the following matrix to diagonal form: 

 (i) 

















−

−−

−

311

131

113

       (ii) 

















−−

−

−

717

313

919

      (iii) 

















−

−−

−

312

132

226

     (iv)

















−−

−−

011

121

221

 

6. Show that the following matrices are similar to diagonal matrices. Find the diagonal form and 

the diagonal matrix: 

 (i) 

















−

−

−

142

235

224

 (ii) 

















−−

−

−−

021

612

322

 

TUTORIAL 6 

1. If 






−
=

12

41
A  then prove that 3tantan3 AA = . 

      2. If 







−

=
01

10
A ,  find 

Ate .   3. If 







=

62

37
A , find nA . 

     4. If 
















=

010

101

001

A , find 50A .   5.  If 







=

31

13
A , find 

AAe 5, . 

     6. If 







−−

=
43

32
A , find 100A .   7. If 












=

2
30

2
π

ππ
A , find Asin . 
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     8.  Find 50A  , where i) 







=

21

12
A  , ii) 








−−

=
43

32
A  

1. Find 100A , where  i) 







=

87

34
A  , ii) 








−

−
=

11

43
A , iii) 

















−

−

=

100

120

221

A  

2. Find 







=

31

13

2

1
    4& Aife AA . 

3. If 
















=

2
0

4
π

π
π

A , find Acos . 

4. Show that 3333cos ×× = IO  

14. Write down the matrix corresponding to each of the following quadratic forms 

 (i) yzxzxyzyx 106232 222 +−−+−  (ii) yzxzxyzyx 2432 222 −+−+−  

 (iii) 434232411321

2

4

2

3

2

2

2

1 65432432 xxxxxxxxxxxxxxxx ++−−+−++−  

15. Reduce the quadratic form 133221 222 xxxxxx ++  into canonical form. Examine for 

definiteness. 

16. Find the matrix of the quadratic form 321321

2

3

2

2

2

1 244336 xxxxxxxxx −+−++  and find the 

linear transformation YQX =  which transforms the given form to sum of squares. Write also 

rank, index, signature and nature of the quadratic form. 

17. Reduce yzxzxyzyx 8412378 222 −+−++  into canonical form by orthogonal transformation. 

18. Reduce the following quadratic form 321321

2

3

2

2

2

1 41841436 xxxxxxxxx +++++  to 

diagonal form through congruent transformations. 
19. Reduce the following quadratic form to canonical form and find its rank and signatures. Also 

write linear transformation which brings about the normal reduction: 

  321321

2

3

2

2

2

1 8123021121 xxxxxxxxx −+−++ . 

20. Reduce the following quadratic form to sum of squares and interpret your result: 

   321321

2

3

2

2

2

1 62423 xxxxxxxxx +−+++  

 

21. Reduce the following quadratic form to canonical form using congruent 
transformation. Also write linear transformation. State rank, index , signature & 
nature of quadratic form 

a) 3231

2

3

2

221

2

1 62243 xxxxxxxxx +−+++  , find non-zero values of  321 ,, xxx which will 

make the quadratic form positive and negative respectively. 
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b) 3213

2

3

2

221

2

1 22322 xxxxxxxxx +−+++ , find non-zero values of  321 ,, xxx which will 

make the quadratic form positive and negative respectively. 

c) 3213

2

3

2

221

2

1 414102665 xxxxxxxxx +++++  , find non-zero values of  321 ,, xxx which 

will make the quadratic form zero. 

d) 3213

2

3

2

221

2

1 2222 xxxxxxxxx −+++−  

e) 3213

2

3

2

221

2

1 8122113021 xxxxxxxxx −+++− , find non-zero values of  321 ,, xxx which 

will make the quadratic form zero. 

f) 3213

2

3

2

221

2

1 843122 xxxxxxxxx −−−++  

g) 3213

2

3

2

221

2

1 243346 xxxxxxxxx −+++−  

h) 3213

2

3

2

221

2

1 61052410 xxxxxxxxx +−++−  

i) 3213

2

3

2

221

2

1 64384 xxxxxxxxx −+++−  

j) 3213

2

221

2

1 12432 xxxxxxxx −+−−  , find non-zero values of  321 ,, xxx which will make 

the quadratic form positive. 

k) 3213

2

3

2

221

2

1 243346 xxxxxxxxx −+++−  

l) 3213

2

3

2

221

2

1 41814346 xxxxxxxxx +++++  

m) 321321 222 xxxxxx ++  

n) 321321 xxxxxx ++  

o) 321321 642 xxxxxx ++  

 

22. Reduce the following quadratic form to canonical form using orthogonal 
transformation. Also write linear transformation. State rank, index , signature & 
nature of quadratic form. 

a) 3213

2

3

2

221

2

1 223523 xxxxxxxxx −+++−  

b) 3213

2

3

2

2

2

1 44657 xxxxxxx −−++  

c) 3213

2

3

2

221

2

1 243346 xxxxxxxxx −+++−  

d) 3213

2

3

2

221

2

1 126944 xxxxxxxxx +++++  

e) 3213

2

3

2

221

2

1 288887 xxxxxxxxx −−−−+  

f) 3213

2

321

2

1 48343 xxxxxxxx ++++  

g) 3213

2

3

2

221

2

1 61052410 xxxxxxxxx +−++−  

h) 321321 222 xxxxxx −+  

i) 32

2

321

2

2

2

1 4342 xxxxxxx ++++  

j) 32

2

3

2

2

2

1 233 xxxxx −++  

k) 3132

2

321

2

2

2

1 4831278 xxxxxxxxx +−+++  
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l) ( )12

2

2

2

12 xxxx ++  

m) ( )3213212 xxxxxx ++  

n) 12

2

2

2

1 301717 xxxx −+  

 

TUTORIAL 7 

Find the Laplace transforms of the following functions: 

1. 






>

<<
=

Tt

Tt
T

t

tf

,1

0,
)(   2. 

( )





<<

>−
=

10,0

1,1
)(

2

t

tt
tf   

3. 




>

<<
=

1,1

10,
)(

2

t

tt
tf    4. 





>

<<
=

atb

att
tf

,

0,
)(  

Find the Laplace transforms of the following functions: 

5. t2cos3  6. t2sinh 2  7. ( )2
cossin tt −  8.     ( )

2
sin75 22 tte

tt

++
−−

 

9. ( )αϖ +tsin  10. t5sin   11. tsin   12. t5cos    13. t5sinh   

14.  t5cosh      15. 
t

tcos
 16. If ( ) ( )∫

∞
− =−+

0

2

4

1
cossin dttte t αα ,  then find α .  

17. te t 34 sin  18. tt 2cos2cosh ⋅         19.   atat sinsinh ⋅  20.       ( )
2

sin
2

sinh tt  

21. 
te

tt sin2cosh ⋅
  22. tte t sinsinh ⋅−       23. ttt 2coshcos2sin ⋅⋅   

24. ttt 3cos2coscos ⋅⋅  25. te t 42 sin   26.    att sin2       27. tte t 3sin4−     

 28.  )43cos( +tt  29. 
t

t2sin
  30. 

t

tsinh
  31. 

t

tt 3cos2cos −
 

32. Evaluate: ∫
∞

−

0

32 sin tdte t         33.    Evaluate: ∫
∞

−

0

3 sin tdtte t    34. Evaluate: ∫
∞

−

0

3 sin tdtte t  

35. Evaluate: ∫
∞

0

sin
dt

t

t
et  

TUTORIAL 8 

 

Find the inverse Laplace transforms of the following functions: 
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1. 
4

112
3 +

++
sss

     2. 
9

32
2 +

+

s

s
     3. 

2516

154
2 −

+

s

s
    4.    

22

32
2 ++

+

ss

s
    5. 

 

6.    
( )( )3

13

2

++

+

ss

s
  7.    

4

2
4 +s

s
    8.  

124 ++ ss

s
     9.    

34 2

1

ss −
       10. 

)(

2
3 π

π

−

−

ss

s
 

11.   Find the inverse Laplace transforms by using convolution theorem: 

 (i) 
)(

1

ass +
 (ii) 

2)(

1

ass +
 (iii) 

))(( 2222

2

bsas

s

++
   

 (iv) 
))(( 2222 bsas

s

++
 (v) 

2))((

1

bsas ++
 (vi) 

22

2

)84(

)2(

++

+

ss

s

 (vii) 
)22)(3(

1
2 +++ sss

   (viii)   
( )222

2

as

s

+
     (ix)  

( )222

2

as

s

−
    

(x) 
( )( )2

33

1

+− ss
  (xi) ( )( )14 22

2

++ ss

s
   (xii) ( )( )5222

32
22

2

++++

++

ssss

ss
  

(xiii) 
( )22 1

1

+ss
 (xiv) 

( )22 134

1

++ ss
     (xv)  

( )
( )22

2

56

3

++

+

ss

s
   

 

TUTORIAL 9 

1. Find Laplace transform of Ttfor
T

t
Ktf <<= 0)(  and  ( ) ( )Ttftf += . 

2. Find the Laplace transform of   




<<−

<≤
=

ata

at
tf

2,1

0,1
)(  and )(tf  is periodic function 

with period 2a. 

3. Find Laplace transform of     








<<

<<
=

p
t

p

p
tpta

tf
ππ

π

2,0

0,sin

)(  and ( ) 




 +=

p
tftf π2 . 

4. Find Laplace transform of 








≤≤−

≤≤
=

ptpE

ptE
tf

2
,

2
0,

)( , )()( tfptf =+ . 

5. Find Laplace transform of  ( )[ ] ( )[ ]
2

3
2

sin ππ −−− tHtHt . 

6. Find Laplace transform of  ( ) ( )24321 32 −+−+ tHttt . 

7. Find Laplace transform of  ( ) ( )32431 32 −+−+ tHttt . 

8. Find inverse Laplace transform of the following: 

74

2
2 ++

+

ss

s
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(i)    ( ) 2
5

bs

e as

+

−

 (ii) ( ) 2
5

34

4+

−−

s

e s

 (iii) 
222 +−

−

ss

e sπ

 (iv) 
( )3

3

4+

−

s

e s

 

(v) 

( )
3

1

s

se s +−

 (vi) 
22

2

π

π

+

+ −−

s

ees s
s

 (vii) 
22 bs

es as

+

−

 

9. 20. Find Laplace transform of : 

(i) )2(2sin −ttδ    (ii) [ ] )4()4( 2 −+− tttHt δ   

(iii) 

)2(
2

2sin 2 −−







− tttt δ
π

δ
 (iv) [ ] )2()2( 24 −+− tttHt δ  

10. Find: (i) 







+
−

1

1

s

s
L   (ii) ( )aeL as sin1 −−

 

11. Evaluate: (i) 

( ) dttHttte t )2(4321
0

32 −+−+∫
∞

−

  

(ii) 

( ) dttHtte t )3(1
0

22 −++∫
∞

−

 

12. Find Laplace Transform of )2( −ttH   

13. Find Laplace Transform of )3(2 −tHt   

14. Find Laplace Transform of )3(4 −tHt  

15. Find Laplace Transform of )(sin π−ttH  

16. Find Laplace Transform of  ( )   2,2)(
2

>−= tttg and 20,0)( <<= ttg   

17. Find Laplace Transform of  







−−







−
2

3

2
.sin

ππ
tHtHt  

18. Find Laplace Transform of  )2().4321( 32 −+−+ tHttt  

19. Find Laplace Transform of  )3().2431( 32 −+−+ tHttt  

20. Find Laplace Transform of  ( )   3,3)(
4

>−= tttf and 30,0)( <<= ttf  

21. using Laplace Transform   ∫
∞

− −+−+
0

32 )2().4321( dttHttte t  

22. using Laplace Transform   ∫
∞

− −+−+
0

32 )1().21( dttHttte t  

23. Find Laplace Transform of  




<<

>−+
=

20,0

2,21
)(

2

t

ttt
tf  

24. Find: 
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(i) ( ) 








+

−
−

25

34
1

4s

e
L

s

          (ii)    

( )








++

+ −
−

1

1
2

1

ss

es
L

s

           (iii)   








+

−
−

4

8
2

3
1

s

e
L

s

   

(iv)  
( ) 









−

−
−

4

5
1

2s

e
L

s

            (v)  








+

−
−

92

1

s

e
L

sπ

                (vi)   








++

−
−

232

1

ss

se
L

as

 

 

(vii)  


















 −−−

2

2

1 1

s

s
eL s     (viii)  



















 +−−

3

1 1

s

s
eL s

      (ix)  







+

−
−

22

1

bs

se
L

as

    

 

(x)  








−

−
−

12

3
1

s

se
L

s

               (xi)  
( )






+

−
−

ass

e
L

bs

2

1

           (xii)  
( )






+

−
−

122

1

ss

e
L

sπ

  

 

(xiii) 









+

−
−

72

4
1

s

e
L

s

            (xiv)  








++

−
−

222

2
1

ss

se
L

s

   (xv)  
















−
3

.3sin
π

δ ttL

  

(xvi) ( )[ ]4.3sin −ttL δ     (xvii) 
( ) ( )3cos . 4 3 5
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π
δ δ

  
− + − + −      

 

(xviii)  ( ) ( )[ ]4.4.2 −+− tHtttL δ     (xix)  ( ) ( )[ ]2.2. 24 −+− tHtttL δ   
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2

.sin 2 ttttL δ
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( )

3
1

2
2 2

sse
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TUTORIAL 10 

 Application Of Laplace Transforms To Solve Differential Equations :- 

Solve:  

1. 01,23 3 ===+ tatyey
dt

dy t . 
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2. Solve: 0)0(1, ===+ − IwhereyEeRI
dt

dI
L at . 

3. Solve: 01,23 ==+=+ − tatyifey
dt

dy t . 

4. Solve: ( ) teyDD 22 423 =+−  with  5)0('3)0( =−= yandy . 

5. Solve: ty
dt

dy

dt

yd
sin32

2

2

=−+ , when 00,0 ===
dt

dy
andyt . 

6. Solve 
teyDD 22 4)23( =+−   with 3)0( −=y  and 3)0(' −=y  

7. Solve tyDD 2sin20)2( 2 =−−   with 1)0( =y  and 2)0(' =y  

8. Solve ( )12)23( 22 ++=++ ttyDD   with 2)0( =y  and 0)0(' =y  

9. Solve teyDD t sin)52( 2 −=++   with 0)0( =y  and 1)0(' =y  

10. Solve 0)52( 23 =+− yDDD   with 0)0( =y , 0)0(' =y  and 1)0(" =y   

11. Solve )(9
2

2

ty
dt

yd
δ=+  given that 0at    0 ,   0 === t

dt

dy
y  

12. Solve )(16
2

2

ty
dt

yd
δ=+  given that 0at    0 ,   0 === t

dt

dy
y  

13. Solve )1(23
2

2

−=++ tty
dt

dy

dt

yd
δ  given that 0at    0 ,   0 === t

dt

dy
y  

14. Solve )(4
2

2

tfy
dt

yd
=+  given that 0at    1 ,   0 === t

dt

dy
y  

Where (i) 



>

<<
=

1en   t        wh0

1t0en          wh1
)(tf

    

(ii)  )2()( −= tHtf  

15. Solve tx
dt

dy
ty

dt

dx
cos,sin =+=+  ;where x = 0 , y = 2 at t = 0 

16. Solve 32,622 2 −−−=−−+−=−− −−− tttt eteDyxDtetexyDx  ; where x = 0 ,         

17. y = 0 & Dx = 1 at t = 0  

 

TUTORIAL 11 

Find the Fourier series for the following functions: 

1. xexf −=)(  in ( )π2,0 .   

2. 2

2
)( 






 −

=
x

xf
π

 in ( )π2,0 . Hence deduce that ..........
4

1

3

1

2

1

1

1

12 2222

2

+−+−=
π

 

3. 3)( xxf =  in ( )π2,0  also in ( )ππ ,− .   
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4. xexf =)(  in ( )ππ ,− . 

5. xxf cos1)( −=  in ( )π2,0 .   

6. 




≤≤

≤≤−
=

π

π

xx

x
xf

0,sin

0,0
)(    prove that ∑

∞

= −
−+=

1
2 14

2cos2
sin

2

11
)(

n n

nx
xxf

ππ
.  

Hence show that 
4

2
..........

7.5

1

5.3

1

3.1

1 −
=−+−

π
. 

7. 




<<

<<−−
=

π

ππ

xx

x
xf

0,

0,
)(    

8. 









<<−

<<
=

πππ

π

2,
2

0,
2

)(

x
x

x
x

xf  

9. 




<<−

<<
=

ππ

π

2,

0,
)(

xa

xa
xf    

10. 




<<

<<−
=

ππ

π

x

x
xf

0,

0,0
)(  

11. 2)( xxf =  in ( )a,0 .    

12. 




<<

<<−
=

20,

02,2
)(

xx

x
xf  

13. 2)( xxxf +=  in 11 <<− x .   

14. 22)( xxf −= π  in ππ ≤≤− x . 

15. 21)( xxf −=  in 11 ≤≤− x .   

16. 









<<−

<<−+
=

π
π

π
π

xx

xx

xf

0,
2

0,
2

)(   , deduce that ..........
5

1

3

1

1

1

8 222

2

+++=
π

. 

Using parseval’s identity prove that ..........
5

1

3

1

1

1

96 444

4

+++=
π
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17. xxxf cos)( =  in ( )ππ ,− .   

18. 




<<

<<−−
=

π

π

xk

xk
xf

0,

0,
)(  

19. 2)( xxxf −=  in 11 <<− x .   

20. 
ππ

ππ

<<−=

<<−+=

xx

xxxf

0,

0,)(
 

21. 
12

263
)(

22 ππ +−
=

xx
xf  in ( )π2,0 . Hence deduce that  ..........

3

1

2

1

1

1

6 222

2

+++=
π

 

22. 










<<

<<−

<<−+

−<<−

=

21,0

10,1

01,1

12,0

)(

x

xx

xx

x

xf  

TUTORIAL 12 

1. Find half range cosine series for xxf =)(  in 20 << x . Using parseval’s identity, deduce 

that (i) ..........
5

1

3

1

1

1

96 444

4

+++=
π

   (ii) ..........
4

1

3

1

2

1

1

1

90 4444

4

++++=
π

   

2. Find half range sine series for xxxf sin)( =  in ),0( π . 

3. Expand 






<<

<<
=

lxl

lxkx
xf

2
,0

2
0,

)(  into half range cosine series.  

Deduce the sum of the series ..........
5

1

3

1

1

1
222

+++  

4. Find half range cosine series for     






<<−

<<
=

axa

ax
xf

2
,1

2
0,1

)( . 

5. Obtain a half range cosine series for 
, 0

2
( )

( ),
2

lkx x
f x

lk l x x l

 ≤ ≤
= 

− ≤ ≤

 . 

Deduce the sum of the series 
2 2 2

1 1 1
.....

1 3 5
+ + +  
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6. Find a half range cosine series to represent ( ) sinf x x=  in 0 x π≤ ≤ . 

7. Obtain a half range sine series for ( ) ( )f x x xπ= − in ( )0,π . 

8. Obtain a half range sine series for 
( ) ( )

( ) ( )

1 1, 0
4 2

( )
3 1, 1

4 2

x x
f x

x x

 − < <
= 

− < <

 . 

9. Find half range cosine series for ( ) 1
x

f x a
l

 
= − 

 
 0 x l< < . 

10. Obtain a half range sine series for ( ) (2 )f x x x= − in 0 2x< < . 

11. Show that a constant c can be expanded in a infinite series 

4 sin 3 sin 5
sin ......

3 5

c x x
x

π
 

+ + + 
 

 in the range 0 x π< < . 

12. Find half range cosine series for the function ( )
2

( ) 1f x x= −  in the interval 0 1x< < . 

Hence show that 2

2 2 2

1 1 1
8 .....

1 3 5
π

 
= + + + 

 
.  

13. Obtain a half range sine series for 2( ) , 0 1f t t t t= − < < .  

14. Find the half range sine series for ( ) cosf x x x= in ( )0,π . 

15. Obtain the half range sine series for xe
 
in 0 1x< < .  

16. Expand 
, 0

2
( )

0,
2

lkx x
f x

l x l

 < <
= 

< <
 
into half range cosine series. Deduce the sum of the 

series 
2 2 2

1 1 1
.....

1 3 5
+ + +

 

17. Show that the set of functions  

.,.........
2

5
sin,

2

3
sin,

2
sin 
























L

x

L

x

L

x πππ
 is orthogonal over ( )L,0 . 

18. Show that the set of functions  

1, ,.........
2

cos,
2

sin,cos,sin
L

x

L

x

L

x

L

x ππππ
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form an orthogonal set in ( )LL,−  and construct an orthonormal set. 

19. Prove that 
( )

2
13)(,)(,1)(

2

321
−=== xxfxxfxf are orthogonal over ( )1,1− . 

20. Show that the set of functions 
2 2

1, sin ,cos ,sin ,cos ,.....
x x x x

L L L L

π π π π
 form an orthogonal 

set in ( ),L L− and construct an orthonormal set. 

21. Show that the set of functions 
3 5

sin , sin , sin ,......
2 2 2

x x x

L L L

π π π     
     
     

 is orthogonal over

( )0, L .  

22. Show that the set of functions 
cos cos 2 cos3

, , ,.......
x x x

π π π
 form an orthonormal set in the 

interval ( ),π π− .  

23. Show that the set of functions 
sin sin 2 sin 3

, , ,.......
x x x

π π π
 form an orthonormal set in the 

interval ( ),π π− .  

24. Prove that the set of functions sin ,sin 2 ,sin 3 ,......x x x  is orthogonal over [ ]0,2π . Hence  

construct orthonormal set of functions. 

25. Show that the set of functions cos ,cos2 ,cos3 ,......x x x  is orthogonal over [ ],π π− . Hence  

construct orthonormal set of functions.  

26. Show that the set of functions sin ,sin 2 ,sin 3 ,......x x x  is orthogonal over [ ]0,π .  

27. Show that the set of functions cos ,cos3 ,cos5 ,......x x x  is orthogonal over ( )0,
2

π .  
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28. Solve: 1)0(')0(,'' ===− yytyy . 

14. Solve: .00,02,25 ====++=−+ tatyxyx
dt

dy
tyx

dt

dx
  

15. Solve: .6)0(''0)0(')0(,02'''2''' ====−−+ yandyyyyyy  

16. Solve: ( ) .2)0('&2)0(,0234'5'' −===−⋅=++ yytattyyy δ . 

17. Solve: .0)0(',0)0(),1(23
2

2

==−=++ yytty
dt

dy

dt

yd
δ . 

18. Solve:  



>

<<
====+

1,0

10,1
)(&1)0(',0)0(),(4

2

2

t

t
tfyytfy

dt

yd

.. 

 




