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UNIT-I 

SYLLABUS 

Zero‟s of a function-Cauchy‟s inequality-Liouville‟s theorem-Fundamental 

theorem of Algebra- Maximum modulus theorem- Gauss mean value theorem- 

Mean value of the value- of a harmonic function on a circle-Term by term 

differentiation and integration of uniformly convergent series . 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 2/12 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 3/12 
 

 

 

 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 4/12 
 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 5/12 
 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 6/12 
 

 

 

 

 

Lemma

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 7/12 
 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 8/12 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 9/12 
 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 10/12 
 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 11/12 
 

 

 

 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 12/12 
 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 13/12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



KARPAGAM ACADEMY OF HIGHER EDUCATION 
 CLASS: III B.SC(MATHEMATICS)    COURSE NAME:COMPLEX ANALYSIS -II 

COURSE CODE: 15MMU602          UNIT: I                                         BATCH-2015-2018 
 

Prepared by:M.Sangeetha & K,Pavithra ,Asst profess ,Department of mathematics,KAKE Page 14/12 
 

 

 

 

PART –B (EIGHT MARKS) 

 

1.State and prove Cauchy’s inequality. 

 

 2.State and prove weierstrass theorem. 

 

3. If u(x,y) is a function harmonic in a simply connected region D, then prove that the mean     

     value of u(x,y) taken along a circle in D is always equal to its value at the centre. 

 

4. State and prove poisson’s integral. 

 

5. State and prove Liouville’s theorem. 

 

6. State and prove fundamental theorem of algebra.  

 

7. State and prove Maximum modulus theorem. 

 

8.State and prove Gauss mean value theorem. 

 

9.Prove that Zero’s of an analytic function are isolated. 

 

10. Show that the values of the following integrals are zero, where c is the circle |z| = 3  

          i) ∫
1

𝑧2−4
  dz ii) ∫

1

𝑧2+4
  dz 
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UNIT-III 

SYLLABUS 

Singularities–IsolatedSingularities-RemovableSingularity-Pole-Essential 

Singularity-Behaviour of a function at an isolated Singularity-Determination of the 

nature of Singularity -Problems-Residues- Residues Residues theorem(statement 

only)-problems 
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Example 
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Problems:

 

PART-B(EIGHT MARKS) 

 

1.prove that If z = a is a pole of order m of a function f(z), then z = a is a zero of order m of the 

    function 1/f(z).    

 

2.A function has an isolated singularity at z=a but is analytic in the deleted neighbourhood    

   0<|𝑧 − 𝑎| R. If the function is bounded in the deleted neighbourhood, then prove that 

          the singularity is a removable singularity. 

 

3.Find the residues of 𝑓(𝑧) =
𝑧4

(𝑧−2)(𝑧−3)(𝑧−1)4 at its singularities.   

    

4.  State and prove Weierstrass theorem.  

 

5. If z = a is a pole of a function f(z), then prove that  lim
𝑧𝑎

𝑓(𝑧) = ∞, 

  

6.Find the orders of poles of 𝑓(𝑧) =  
1

𝑧(𝑒𝑧−1)
. 

 

7.State and prove residue theorem.  

 

8.If z = a is a removable singularity of a function f(z), then prove that there exist a deleted 

neighbourhood of z = a in which f(z) is bounded. 
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9. If a function f(z) is analytic in a deleted neighbourhood of z = a  and if lim
𝑧𝑎

𝑓(𝑧) = ∞, 

          then prove that z=a is a pole of f(z). 

 

10. If z=a is a zero of order m of an analytic function f(z), then z=a is a pole of order m of    

              the function 
1

𝑓(𝑧)
. 

 

11.If a function f(z) is analytic in the extended plane except at a finite number of   singularities   

including z = ∞, then the sum of the residues of f(z) is zero. 

 

12.State the nature of singularity of f (z) in the following cases: 

            i) 
𝑒𝑧−1

𝑧
             ii) 

sin 𝑧

𝑧
           iii) 𝑐𝑜𝑠𝑒𝑐 𝑧 −

1

𝑧
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UNIT-V 

SYLLABUS 

Meromorphic functions: Theorem on number of zeros minus number of poles 

Principle of argument: Rouche‟s theorem- Theorem that a function which is 

meromorphic in the extended plane is a rational function. 
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PART – B (EIGHT MARKS) 

 

1.State and prove the principle of argument in meromorphic function. 

 

2.State and prove fundamental theorem of algebra in meromorphic function. 

  

3. Prove that  

    i) D is a simply connected region,   

   ii) f(z) is a meromorphic function in D 

   iii) C is a scro curve in D, not passing through a pole or zero of f(z). 

   Then prove that ∫
𝑓′(𝑧)

𝑓(𝑧)
𝑑𝑧

𝐶
 = 2πi[n(Z,f) – n(P,f)], where n(Z,f) and n(P,f) denote  

   respectively the number of zeros and number of poles of f(z) in Ci, the zeros and poles  

   being counted as many times as their orders. 

 

4. Show that one root of z4+ z3+1 = 0 lies in the first quadrant.  

 

5. State and prove Rouche’s theorem.  

 

6. Show that the number of zeros of the function f(z) = z4 – 5z + 1 which lie in the   

    annulus region 1<|𝑧| < 2. 

 

7. Prove that a function which is meromorphic in the extended plane is a rational function. 

 

8. State and prove Hurwitz’s theorem. 

 

9. State and prove Rouche’s theorem. 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

COIMBATORE –21 

 DEPARTMENT OF MATHEMATICS 

SIXTH SEMESTER 

I INTERNAL TEST-Jan’18 

COMPLEX ANALYSIS-II 

             

Date :      .01.2018                                             Time: 2 Hours                                                                              

Class : III  B.Sc Mathematics                      Maximum: 50 Marks                                                                                                                                                      

 

PART – A(20X1=20 Marks) 

  Answer all the questions 

1. If a is one zero, then P(a) equal to …………… 

a)Singular         b)analytic            c)non zero        d)zero  

2. If a/an ………………… is bounded in the finite plane, 

then it is a constant.    

a) simple function        b)analytic function          

c)complex function       d)entire function 

3. Every function analytic in the extended plane is a 

………………. 

a) constant           b)zero          c)non zero      d)analytic 

4. Every polynomial in z of degree equal to or greater than 

1, has at least…………… zero 

a)two                     b)three              c)one               d)four 

5. Zeros of an analytic functions are……………. 

a)constant             b) isolated      c)non zero    d)singular 

6. If f(z) is analytic inside and on an scr curve C,then the 

maximum always occurs at a ...…point. 

a)interior                  b)boundary          

c)singular     d)analytic 

7. If f(z) = (z – a)m[a0 + a1(z-a)………] ,a0 ≠0 , then z =a is a 

zero of order ….. 

a)m                     b)1                      c)2                    d)0 

8. The  function (z – i)2 (z+1)3 e z  has a zero i of order 2 and 

a zero -1 of order …………. 

a)1                       b)2                      c)3                    d)0 

9. Maclaurin's series expansion of the function coshz  is 

valid in ………………………  

a)|z| < 0               b)|z| < ∞              c)|z|= 0         d)|z| < 1 

10. In maximum modulus theorem, the maximum of modulus 

f(z) in the whole of  Ci and C occurs only on C unless f(z) 

is a …………….. 

a)analytic              b)function            

c)constant                     d)maximum 

11. If a function f(z) is such that f(z) = (z - a)k g(z), where k 

is a positive integer and g(a) not equal to zero, then a is 

said to be a ………….of  f(z) of order k. 

a)Constant                   b)zero              

c)function      d)analytic 

12. The function (z-i)2  have a zero i of order….. 

a)2                      b)1                      c)0                        d)3 

13. The functions of the form, Pn(Z)=a0+a1z+a2z
2+……+anz

n, 

an≠0    is called a………………… 

 a)polynomial of degree n        b) polynomial of degree 5                            

c)polynomial of degree 2n      d)polynomial of degree n-1 

 



14. The power series of the form  a0 + a1(z –a) + a2(z – a)2 

+…. is said to be a series about ………………….  

a)zeros             b)poles               c)residues           d)points 

15. The multiplicity of a zero a is also known as  

the ……………... of the function at a. 

a)order of analytic         b)order of vanishing   

c)order of pole             d)order of singularity 

16. A bounded entire function is ……………………….. 

a)analytic                       b)function                     

c)Constant                  d)zero 

17. A zero of order 1 is also called a ………….. 

a)simple analytic           b)simple pole                  

c)simple zero             d)simple function 

18.  If D is a simply-connected region, f(z) is analytic and a is 

a point in D and C is the largest circle whose interior lies 

in D then the power series is… and its sum is f(z). 

a)Convergent                 b)uniformly convergent 

c)divergent                 d)absolutely convergent           

19. In Gauss’ mean value theorem, mean of the values of the 

function on C is the value of the function at its…………. 

a)radius b)centre c)diameter d)points 

20. f(z) = sin z has a zero of order ………………………... at   

z = 0. 

a)0   b)1   c)2    d)∞ 

 

 

 

 

 

PART – B (3X10=30 Marks) 

Answer all the questions 

21. a) State and prove Cauchy’s inequality. 

(OR) 

      b) If u(x,y) is a function harmonic in a simply connected 

region D, then prove that the mean value of u(x,y) taken 

along a circle in D is always equal to its value at the 

centre. 

22. a) State and prove fundamental theorem of algebra. 

 (OR) 

       b) State and prove Laurent’s theorem.  

23. a) State and prove uniqueness theorem. 

(OR) 

      b) Find the Taylor’s expansion about z = 0 of  

          𝑓(𝑧) =  
𝑧

(𝑧+1)(𝑧−3)
. 
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S.No Lecture 

Hour 

Topics to be Covered Support Materials 

1 1  

Zero’s of a function 
T1:Ch:8:P.No:157- 
158 

2 1 Cauchy’s inequality T1:Ch:8:P.No:158- 
159 

3 1  

Liouville’s theorem 
T1:Ch:8:P.No:159- 
161 

4 1  

Fundamental theorem of Algebra 
R4:Ch:6:P.No:366- 
367 

5 1 Continuation of fundamental theorem of 

Algebra 
R2:Ch:8:P.No:220- 
221 

6 1  

Maximum modulus theorem 
T1:Ch:8:P.No:161- 
162 

7 1  

Gauss mean value theorem 
T1:Ch:8:P.No: 161- 
162 

8 1 Mean value of the values of a harmonic 
function on a circle 

T1:Ch:8:P.No: 162- 
163 

9 1  

Poisson’s integral 
T1:Ch:8:P.No: 163- 
164 

10 1  

Term by term differentiation and 

integration of uniformly convergent 

series 

T1:Ch:8:P.No: 164- 

166 

11 1  

Problem on related integral theorem 
T1:Ch:8:P.No:177- 
178 

11 1  

Continuation of Problem on related 
T1:Ch:8:P.No:178- 
179 

 



Lesson Plan 2015 -2018 
Batch 

Prepared by: M. SANGEETHA, Asst Prof, Department of 
MATHEMATICS, KAHE 2 

 

 

 

  integral theorem  

      12               1 Continuation of problem on related 
Integral theorem 

T1:Ch:8:P.No:178- 
179 

13 1 Recapitulation and discussion of 
possible questions 

 

Total Hours 13 

UNIT-II 

S.No Lecture 

Hour 

Topics to be Covered Support Materials 

1 1  

Taylor’s series:Introduction 
T1:Ch:9:P.No:179- 
181 

2 1  

Theorem on Taylor’s series 
R2:Ch:7:P.No:173- 
175 

3 1  

Uniqueness Theorem 
T1:Ch:9:P.No:181- 
182 

4 1 Continuation of  Uniqueness Theorem T1:Ch:9:P.No:183- 
184 

5 1  

Zero’s of an analytic function 
R2:Ch:7:P.No:197- 
198 

6 1  Continuation of Zero’s of an analytic function R2:Ch:9:P.No:199 

7 1 Problems on Taylor’s series T1:Ch:9:P.No:199- 

202 

8 1 Continuation on Problems on Taylor’s series R2:Ch:9:P.No:176- 
180 

9 1 Laurent’s series:Introduction R1:Ch:5:P.No:184- 

186 

R2:Ch:7:P.No:181- 

182 

10 1 Theorem on Laurent’s series T1:Ch:9:P.No:184- 
186 
R2:Ch:7:P.No:182- 
184 

11 1 Problems on Laurent’s series  T1:Ch:9:P.No:187- 
188 

12 1 Continuation of problems on Laurent’s series  
series 

T1:Ch:9:P.No:202- 
205 

13 1 Continuation of problems on Laurent’s series  
series 

R2:Ch:7:P.No:185- 
189 
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14 1 Continuation of problems on Laurent’s series  
series 

R2:Ch:7:P.No:190- 
194 

15 1 Continuation of problems on Laurent’s series  
series 

R2:Ch:7:P.No:195- 
197 

16 1 Cauchy product and division T1:Ch:9:P.No:188- 
189 

17 1 Problems on Cauchy product and division T1:Ch:9:P.No:211- 
212 

18 1 Recapitulation and discussion of possible 
questions. 

 

Total Hours 18 

UNIT-III 

S.No Lecture 
Hour 

Topics to be Covered Support Materials 

1 1 Singularity:Introduction R2:Ch:7:P.No:200- 
201 

2 1  

Isolated singularities:Definition and examples 
T1:Ch:9:P.No:190- 
191 
R3:Ch:7:P.No:105- 
107 

3 1  

Removable singularity:Definition and examples 
T1:Ch:9:P.No:191- 
192 

4 1 Theorems on Removable Singularities R1:Ch:4:P.No:124-
126 

5 1 Pole:Definition and examples T1:Ch:9:P.No:192 
 

6 1 Theorems on pole  ans its problems R1:Ch:4:P.No:126- 
128 

7 1 Essential singularity: Definition and examples T1:Ch:9:P.No:192- 

193 

8 1 Behaviour of a function at an isolated 

singularity 

T1:Ch:9:P.No:193- 
195 

9 1 Theorem on Behaviour of a function at an 
isolated singularity 

T1:Ch:9:P.No:196- 
197 

10 1 Determination of the nature of singularities T1:Ch:9:P.No:197- 

199 

11 1 Residues:Definition and examples R3:Ch:8:P.No:112- 

114 

12 1 Continuation of problems on Residues R2:Ch:8:P.No:209- 

210 

13 1 Continuation of problems on Residues R2:Ch:8:P.No:211- 
217 
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14 1 Residue theorem T1:Ch:10:P.No:217- 
220 

15 1 Problem on Residue theorem T1:Ch:10:P.No:236- 
237 

16  Continuation of problem on Residues R1:Ch:4:P.No:152- 
154 

 
17        

1 Recapitulation and discussion of possible 

questions. 

 

                            Total Hours        17 

 

UNIT-IV 
 S.No Lecture 

Hour 
Topics to be Covered Support Materials 

1 1 Real definite integrals:Introduction and types 

of integrals 

T1:Ch:10:P.No:220- 

221 

2 1 Type 1:Integral with 0 and 2π as lower and 

upper limit of f(cos θ,sinθ) 

T1:Ch:10:P.No:221- 

222 

3 1 Problems on Integral with 0 and 2π as lower 
and upper limit of f(cos θ,sinθ) 

T1:Ch:10:P.No:222- 
223 

4 1 Type 2:Integral with -∞ and ∞ as lower and 
upper limit of P(x)/Q(x) 

T1:Ch:10:P.No:223- 
224 

5 1 Problems on Integral with -∞ and ∞ as lower 
and upper limit of P(x)/Q(x) 

T1:Ch:10:P.No:224- 
225 

6 1 Type 3:Integral of the form with -∞ and ∞ as 
lower and upper limit of sin ax f(x) dx and cos 
ax f(x) dx 

T1:Ch:10:P.No:225- 
226 

7 1 Problems on Integral of the form with -∞ and 

∞ as lower and upper limit of sin ax f(x) dx 

and cos ax f(x) dx 

T1:Ch:10:P.No:226- 

227 

8 1 Type 4:Integrals of the form with -∞ and ∞ 
as lower and upper limit of f(x) dx 

T1:Ch:10:P.No:227- 
228 

9 1 Problems on Integrals of the form with -∞ 
and ∞ as lower and upper limit of f(x) dx 

T1:Ch:10:P.No:228- 
229 

10 1  

Integrals of the type x ∫ x^(a-1)/(1+x) dx 
T1:Ch:10:P.No:230- 
231 

11 1 Problems on Integrals of the type x ∫ x^(a- 

1)/(1+x) dx 

T1:Ch:10:P.No:231- 
232 

12 1 Recapitulation and discussion of possible 

questions. 

 

  Total Hours 12 
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UNIT-V 

S. No Lecture 

Hour 

Topics to be Covered Support Materials 

1 1 Meromorphic functions:Introduction T1:Ch:11:P.No:249 

2 1 Continuation of problems on meromorphic 
functions 

R3:Ch:7:P.No:108- 
109 

3 1 Theorem on number of zeros minus 

number of poles 
T1:Ch:11:P.No:249- 

250 

4 1 Continuation of number on zeros minus 

number of poles 
R3:Ch:7:P.No:110- 

112 

5 1  
Principle of argument 

T1:Ch:11:P.No:250- 
251 

6 1 

Rouche’s theorem 

T1:Ch:11:P.No:251- 

252 

7 1 

Continuation of Rouche’s theorem 

T1:Ch:11:P.No:252- 

253 

8 1  

Fundamental theorem of algebra 
T1:Ch:11:P.No:253- 
254 

9 1  

Hurwitz’s theorem 
T1:Ch:11:P.No:254- 
255 

10 1 Theorem on function which is meromorphic 

in the extended plane 
T1:Ch:11:P.No:255- 

256 

11 1 Continuation of theorem on function which is 

meromorphic in the extended plane 
T1:Ch:11:P.No:256- 

257 

12 1 Recapitulation and discussion of 
possible questions 

 

13 1 Discussion of previous ESE question 

papers. 

 

14 1 Discussion of previous ESE question 
papers. 

 

15 1 Discussion of previous ESE question 
papers. 

 

                                             Total Hours                15 
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TEXT BOOK 
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

COIMBATORE-21 

   Department of Mathematics 

SIXTH SEMESTER 

                             Model Examination-Mar’18 

       COMPLEX ANALYSIS-II 

Date:   .03.18(     )                    Time: 3 hours 

Class: III B.Sc Mathematics      Maximum Marks: 60               

 

PART - A (20X1 = 20 Marks) 

Answer all the Questions 

 

1) In maximum modulus theorem, the maximum of modulus f(z) in 

the whole of  Ci and C occurs only on C unless f(z) is a 

…………….. 

    a) analytic        b) function          c) constant      d) maximum 

2) The derivative of an analytic function is also … 

    a) analytic         b) continuous      c) derivative   d)  bounded  

3) Zeros of an analytic functions are……………. 

    a) constant             b) isolated           c) singular      d) non zero 

4) A function which is analytic everywhere in the finite plane is 

called an ------------------ function.  

    a)  single       b) multi               c) continuous  d) entire    

5) The binomial series  is valid when│z│…………… 

    a) < 1             b) equal to 1        c) > 1              d) > 0 

6) The functions of the form, Pn(Z)= a0+a1z+a2z
2+……+anz

n, an≠0 

is called a………… 

    a) polynomial of degree n         b) polynomial of degree 5    

    c) polynomial of degree 2n       d) polynomial of degree n-1 

7) The inverse function of the exponential function is  the …… 

    a) trigonometric functions          b) hyperbolic functions        

    c) harmonic functions                 d) logarithmic functions 

8) The expansion with positive and negative powers of z – a is 

called ………series about z = a. 

a) laurent’s series        b) taylor’s series           

c) convergent series        d) Power series 

9) Classification of isolated singularities is done with reference to 

the ……………………. of the Laurent's expansion of the 

function about the singular point. 

        a) positive power             b) zero         

        c) constant             d) negative power 

10) Isolated singularities are classified into   …………different 

groups. 

         a) two      b) three        c) many      d) five 

11) The function f(z) = |z| is differentiable ----- 

         a) on real part           b) on imaginary part        

   c) at the origin       d) at the point 2 

12) If C is the largest circle with z=a as its center such that f(z) is 

analytic in Ci  but is not    ……… somewhere on C. 

          a)  analytic      b) singular      c) zero     d) constant 

13) If a function h(z) is analytic at z=a and h(a) not equal to zero 

then z=a is a ……………. of the function f(z)=h(z)/(z-a). 

 a) simple zero            b) double pole            

c) simple pole          d) finite pole 



14) Principle value of log z is obtained when n = ………… 

 a) 0       b) -1     c) 1     d) 2 

15) Cot z and cosec z are analytic in a bounded region in which 

…………………….. 

 a) cot z ≠ 0                 b) cosecz ≠ 0      

c) sinz ≠ 0      d) cosz ≠0 

16)  The Value of cosiz is  = ……………………… 

 a) cosz          b) icosz        c) icoshz         d) coshz 

17)  Find the number of zeros of the function f(z) = z^6+z^3 -6z 

+9 which lie inside the unit  circle C:|z| = 1 ………… 

 a) 1       b) 2        c) 0        d) 4 

18) z4+z3+4z2+2z+3 has two zeros each in the ……  quadrants. 

a) first and fourth        b) first and second            

c) second and third         d) third and fourth 

19) A function which is meromorphic in the extended plane is a -- 

a) real function         b) irrational function       

c) rational function         d) complex function 

20) The zeros and poles being counted as many times as their 

……………….. 

 a) zeros      b) orders     c) poles    d) ones 

 

                                   PART -B( 5X8= 40 Marks)  

ANSWER ALL THE QUESTIONS: 

 

21. a) If u(x,y) is a function harmonic in a simply   connected 

region D, then prove that the mean  value of u(x,y) taken 

along a circle in D is always equal to its value at the centre. 

(OR) 

      b) State and prove poisson’s integral. 

 

22 .a) State and prove uniqueness theorem. 

 (OR) 

      b) Expand cos z as Taylor’s about the points given   below.  

            i) z=0  ii) z=
𝜋

4
                        iii) z= 

𝜋

3
 

23. a) Find the residues of 𝑓(𝑧) =
𝑧4

(𝑧−2)(𝑧−3)(𝑧−1)4 at its 

singularities.      

 (OR) 

 

      b)  State and prove Weierstrass theorem.  

24. a) Evaluate ∫
1 

(𝑎+𝑏 cos 𝜃)2 𝑑𝜃
2𝜋

0
 , 𝑎 > |𝑏| > 0. 

(OR) 

      b) Using contour integration evaluate  ∫
𝑠𝑖𝑛2 𝜃

𝑎+𝑏 𝑐𝑜𝑠𝜃

2𝜋

0
𝑑𝜃 

25. a) State and prove Hurwitz’s theorem. 

(OR) 

      b)  State and prove Rouche’s theorem. 
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Scope: This course will enhance the learner to understand the extended concepts of 

analytic function of complex variables and the application of residues etc which 

plays a crucial role in the field of applied mathematics.  

 

Objectives: To enable the students to learn complex number system, complex 

function and complex integration, Singularitie, real definite integrals, 

Meromorphic functions etc.  

 

UNIT I  

Zero’s of a function-Cauchy‟s inequality-Liouville‟s theorem-Fundamental 

theorem of Algebra-  

Maximum modulus theorem- Gauss mean value theorem- Mean value of the value 

of a harmonic function on a circle- Term by term differentiation and integration of 

uniformly convergent series.  

 

UNIT II  

Taylor‟s series and Laurent‟s series : Taylor‟s series-Theorems and some related 

problems- Zero‟s of an analytic function- Laurent‟s series – Theorems and some 

related problems- Cauchy product and division.  

 

UNIT III  

Singularities – Isolated Singularities- Removable Singularity- Pole-Essential 

Singularity-Behaviour of a function at an isolated Singularity-Determination of the 

nature of Singularity-Problems-Residues- Residues theorem(statement only)- 

Problems.  

 

UNIT IV  

Real definite integrals: Evaluation using the calculus of residues – Integration on 

the unit circle –Integral with - ∞ and + ∞ as lower and upper limits with the 

following integrals:  

i) P(x) /Q(x) where the degree of Q(x) exceeds that of P(x) at least 2.  
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ii) (sin ax ).f(x), (cos ax).f(x), where a>0 and f(z) →0 as z→∞ and f(z) does not 

have a pole  

on the real axis.  

iii) f(x) where f(z) has a finite number of poles on the real axis.  

 

UNIT V  

Meromorphic functions: Theorem on number of zeros minus number of poles –

Principle of argument: Rouche‟s theorem – Theorem that a function which is 

meromorphic in the extended plane is a rational function.  
 

TEXT BOOK  

1. Duraipandian.P., Lakshmi Duraipandian.,1997.Complex Analysis, Emerald 

publishers, Chennai-2  

 

REFERENCES  

1. Lars V.Ahlfors.,1979. Complex Analysis, Third edition, Mc-Graw Hill Book 

Company,New Delhi.  

 

2. Arumugam.S., Thangapandi Isaac., and A.Somasundaram., 2002. Complex 

Analysis, SCITECH  Publications Pvt. Ltd,Chennai.  

 

3. Choudhary.B., 2003. The Elements of Complex Analysis ,New Age 

International Pvt.Ltd , New Delhi.  

 

4. Vasishtha A.R ., 2005. Complex Analysis, Krishna Prakashan Media Pvt. Ltd., 

Meerut.  

 

5. Narayanan .S., T.K Manichavachagam Pillay, 1992. Complex Analysis. 

S.Viswanathan  (printers & publishers) pvt Ltd, Madras. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
If a is one zero, then P (a) equal to …………… Singular analytic  non zero     zero zero 
If a/an ………………… is bounded in the finite plane, 
then it is a constant   simple function             analytic 

function    
complex 
function entire function               entire function               

Every function analytic in the extended plane is a 
……………… Constant  zero non zero   analytic Constant  

 Every polynomial in z of degree equal to or greater than 1, 
has at least…………… zero two three one four one

Zeros of an analytic functions are……………. constant  isolated    non zero   singular  isolated    
 If f(z) is analytic inside and on an scr curve C, then the 
maximum always occurs at a …………………point interior   boundary singular analytic boundary

If f(z) = (z – a)m[a0 + a1(z-a)………] ,a0 ≠0 , then z =a is a 
zero of order …..

m 1 2 0 m

 The  function (z – i)2 (z+1)3 e z  has a zero i of order 2 and 
a zero -1 of order ………….

1 2 3 0 3

  In maximum modulus theorem, the maximum of modulus 
f(z) in the whole of  Ci and C occurs only on C unless f(z) 
is a ……………..

analytic   function constant  maximum constant  

If a function f(z) is such that f(z) = (z - a)k g(z), where k is 
a positive integer and g(a) not equal to zero, then a is said 
to be a ………….of  f(z) of order k.

Constant  zero function  analytic zero

Possible Questions                               
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The function (z-i)2  have a zero i of order….. 2 1 0 3 2
If f(z) = (z – a)m[a0 + a1(z-a)………] ,a0 ≠0 , then z =a is a 
zero of order …..

m 1 2 0 m

…………   of an analytic function are isolated zeros poles residues points zeros
The multiplicity of a zero a  is also known as 
the …………………... of the function at a order of analytic order of 

vanishing order of pole order of 
singularity

order of 
vanishing

A bounded entire function is ……………………….. analytic function  Constant  zero Constant  
A zero of order 1 is also called a ………….. simple analytic simple pole simple zero simple function simple zero
In Gauss’ mean value theorem, mean of the values of the 
function on C is the value of the function at its…………. radius     centre    diameter points  centre    

f(z) = sin z has a zero of order ………………………... at z 
= 0. 0 1 2  ∞ 1

A function analytic in D has ………….. of all orders in D derivatives points curves zeros derivatives
 The square of  real number  is --------- Non negative Non positive Negative absolute value absolute value
A function which is analytic everywhere in the finite plane 
is called an ------------------ function. single multi entire continuous entire
 f(z)  = │z│2 is ---------------- everywhere analytic not analytic continuous exist not analytic

The quotient of two polynomials is called a  Exponential 
function

 logarithmic 
function

Continuous 
function rational function rational function

It the region lies to the left of a person when he travels 
along C, then the curve C is called a ……………………

postively oriented 
simple closed 
curve

negatively 
oriented simple 
closed curve

open curve simple closed 
curve

postively 
oriented simple 
closed curve

The simple closed rectifible curve is abbreviated 
as………………… curve scr curve scro curve arc scr curve 

The set of complex points is called …………………… arc simple arc closed arc open arc simple arc
In cauchy’s fundamental theorem, ò f(z) 
dz=……………….. 1 2 0 4 0

 The simple closed rectifiable positively oriented curve  is 
abbreviated as ……………….. curve scr curve scro curve arc scro curve 

The bounded region of C is called …………… interior exterior interior nor 
exterior

interior and 
exterior interior

Prepared by: PAVITHRA K M.SANGEETHA, ASST PROF, Department of Mathematics, KAHE
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 A region D is said to be …………… for every closed 
curve in D , Ci is contained in D connected simply - 

connected disconnected disjoint simply - 
connected

In cauchy’s fundamental theorem, ò f(z) dz=… 1 2 0 4 0
If f(z) is analytic in a simply connected domain , then the 
values of the integrals of f(z) along all paths in the region 
joining ------ fixed points are the same

one two three multiple two

The bounded region of C is called …………… interior exterior interior nor 
exterior

interior and 
exterior interior

 A region D is said to be …………… for every closed 
curve in D , Ci is contained in D connected simply - 

connected disconnected disjoint simply - 
connected

The set of complex points is called …. arc simple arc closed arc open arc simple arc
If a curve intersects itself at a point then the point is said to 
be a…… single multiple points double valued trile multiple points

The equation  z = cost+isint, 0≤t≤π represents  a 
…………… arc simple arc closed arc curve simple arc

The unit circle z=cost+isint, 0≤t≤2π  are  positively 
oriented circle 

negatively 
oriented circle  circle unit circle  positively 

oriented circle 

The unit circle z = cos(-t) +isin(-t), 0≤t≤2π  are ……..  positively 
oriented circle 

negatively 
oriented circle  circle unit circle negatively 

oriented circle
The simple closed rectifible curve is abbreviated as…… curve scr curve scro curve arc scr curve 
The simple arc is also known as …. multiple Jordan double multiple Jordan
The derivative of an analytic function is also … analytic continuous derivative bounded continuous
The function (z-i)2  have a zero i of order….. 2 1 0 3 2
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
If f(z) can be expanded as a series of non- negative   
integral powers which is convergent for all z in Ci  then the 
series is called ……….for f(z) about z=a.

Power series                      Taylor’s series   Laurent’s series                convergent 
series Taylor’s series   

If C is the largest circle with z=a as its center such that f(z) 
is analytic in Ci  but is not …………… somewhere on C. analytic       singular zero constant analytic      

…………………..  is the expansion of f(z) about z = 0. convergent series  taylor’s series  Power series   maclaurin’s 
series

maclaurin’s 
series

  The binomial series  is valid when│z│…………… < 1         equal to 1 > 1     > 0 < 1        
Maclaurin's series expansion of the function cosz  is valid 
in ……………………… |z| > 1 |z|= 0 |z| < ∞ |z| < 1 |z| < ∞

Suppose f(z) is not identically zero and analytic in a region 
D. In any closed bounded  region  D, f(z) has 
……………….. number of zeros

infinite   only a finite  many  finite and many only a finite  

suppose f(z) is analytic in a region D and zn , n= 1,2,3,…., 
in D are the zeros of  f(z), where the sequence {zn} 
converges to a limit z = a in D then f(z)…. in D.

Constant     vanishes 
identically bounded analytic   vanishes 

identically 

Maclaurin's series expansion of the function e^(-z) is valid 
in ……………………… |z|= 0 |z| < 1 |z| < ∞ |z| > 1 |z| < ∞

Possible Questions                               
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 If D is a simply-connected region, f(z) is analytic and a is 
a point in D and C is the largest circle whose interior lies 
in D then the power series is… and its sum is f(z)

Convergent  uniformly 
convergent  divergent absolutely 

convergent          
absolutely 
convergent          

The function ez – 1 has a zero z = 0 of order……….. two   one      three zero  one      
Maclaurin's series expansion of the function log(1+z) and 
log(1-z)  is valid in ………………………
The whole series is absolutely convergent if both the 
positive and negative series are……………….

absolutely 
convergent          

uniformly 
convergent  Convergent  divergent absolutely 

convergent          
The logarithmic series is valid when│z│…………… < 1         equal to 1 > 1     > 0 < 1        

 The functions of the form, Pn(Z)= a0+a1z+a2z
2+……+anz

n, 
an≠0 is called a………………………………

 polynomial of 
degree n

 polynomial of 
degree 5

polynomial of 
degree 2n

polynomial of 
degree n-1

 polynomial of 
degree n

The power series of the form  a0 + a1(z –a) + a2(z – a)2 +…. 
is said to be a series about …………………………. 

z = 0 z  = -a z = a z = ∞  z = a

If R  = 0 the series is divergent in the extended plane 
except at …………………….. z = 0 z =1 z =  ∞ z  = -1 z = 0

The inverse function of the exponential function is the …… Trignometric 
functions

hyberbolic 
functions

harmonic 
functions

Logarithmic 
functions

Logarithmic 
functions

Maclaurin's series expansion of the function coshz  is valid 
in ……………………… |z| < 0 |z| < ∞ |z|= 0 |z| < 1 |z| < ∞

. The function f(z) = |z| is differentiable ----- on real part                  on imaginary 
part at the origin at the point 2 at the origin

The expansion of f(z) = e^z is valid in the 
…………………………plane partial complex entire real entire complex partial real entire complex

The region of validity for Taylor’s series about z = 0 of the 
function e^z is ……………… |z|= 0 |z| < 1 |z| < ∞ |z| > 1 |z| < 1

Maclaurin's series expansion of the function sinz  is valid 
in ……………………… |z| < ∞ |z| < 1 |z| < 0 |z| > 1 |z| < ∞

The sum f(z) of a powerseries is analytic in ………… │z│> R │z│< R │z│ ≤ R │z│= R │z│< R
If f(z) is analytic in an open circular disc with center at  z = 
a, then the …… about z = a is the only power series in z – 
a which converges to f(z) in that disc.    

Taylor’s series  Power series Convergent 
series              

 Maclaurin’s 
series            Taylor’s series  
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Maclaurin's series expansion of the function sinhz  is valid 
in ……………………… |z| < ∞ |z| < 0 |z| < 1 |z| > 1 |z| < ∞

 The expansion with positive and negative powers of z – a 
is called ……………series about z = a. Laurent’s series                    Taylor’s series   convergent 

series                   Power series Laurent’s series                    
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Taylor’s series and Laurent’s series : Taylor’s series- 

Theorems and some related problems- Zero’s of an analytic 
function- Laurent’s series – Theorems and some related 
problems- Cauchy product and division. 
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CLASS: III BSC MATHS  COURSE NAME: COMPLEX ANALYSIS-II 

COURSE CODE: 15MMU602 UNIT: II BATCH-2015-2018 
 
 
 

POSSIBLE QUESTIONS 

 
     1.State and prove Taylor’s theorem. 

 

    2.Prove that if f1(z)  and f2(z)  are two functions analytic in a region D such that, for all zn,    f1(zn) = f2(zn), 

        where { zn } is a sequence of points in D converging to a point in D. then f1(z) ≡ f2(z)  in D. 

 

    3.State and prove Laurent’s theorem.  

  

    4. Expand cos z as Taylor’s about the points given below.  

            i) z=0  ii) z=
𝜋

4
                        iii) z= 

𝜋

3
 

 

    5. State and prove uniqueness theorem. 

 

    6.Expand log(1+z) as a taylor’s series about z = 0. 

 
 

    7.If f(z) is analytic in a region D and zn, n = 1,2,3…… in D are the zeros of f(z),  

        where the sequence {zn} converges to a limit z=a in D  then prove that f(z) vanishes    

        identically in D. 

 

   8. Find the Taylor’s expansion about z = 0 of  𝑓(𝑧) =  
𝑧

(𝑧+1)(𝑧−3)
. 

 

   9. Expand 
1

{(𝑧−1)(𝑧−2)}
 as a power series in z valid in  i)|𝑧| < 1   𝑖𝑖)1 < |𝑧| < 2  𝑖𝑖𝑖) |𝑧| > 2.  

 

   10.Find the Laurent’s expansion for𝑓(𝑧) =
𝑧2−1

(𝑧+2)(𝑧+3)
  in i) 2 < |𝑧| < 3        𝑖𝑖) |𝑧| > 3. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
A ……………………………. of a function is a point at 
which the function ceases to be analytic singular point analytic point pole point essential point singular point

If z = a is  a pole of f(z), then f(z) is …………………... in 
every deleted neighbourhood of z=a zero not bounded Constant  bounded not bounded

The point z=a is a singular point of f(z) if f(z) = 
…………………………….. one infinity zero finite infinity

The point z=a is a singular point of f(z) if f(z) is not defined 
at  …………………………….. y=a x=a u=a z=a z=a

If z = a is  ………………………….. of f(z), then f(z) is not 
bounded in every deleted neighbourhood of z=a a pole a removable 

singularity
an essential 
singularity

 isolated 
singularity a pole 

The entire  function f(z) = ez is not defined at z=∞ and z=∞ 
is the only ……………………………. Point

singular analytic pole essential singular 

 The point ………………………… is a singular point of 
all the trigonometric function and hyperbolic functions 
because they are function of ez 

z=0 z =1 z=∞ z=a z=∞

If z = a is an isolated singular point of a function f(z), then 
the singularity is called……... according as the Laurent's 
series about z=a of f(z), valid in a deleted neighbourhood of 
z=a has an infinite number of negative powers

a pole an essential 
singularity

 isolated 
singularity

a removable 
singularity

an essential 
singularity
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A singular point z0 of f is said to be……………………. if 
there is a neighborhood of z0 which contains no singular 
points of f save z0.

 isolated Constant     bounded analytic    isolated

If z = a is an isolated singular point of a function f(z), then 
the singularity is called….. according as the Laurent's series 
about z=a of f(z), valid in a deleted neighbourhood of z=a 
has a finite number of negative powers

a removable 
singularity

an essential 
singularity a pole  isolated 

singularity a pole 

A singularity that is neither a pole or removable is called an 
………………...singularity. pole analytic essential singular essential 

If z = a is a singularity of f(z), then it is 
………………………………. If limit z tends to a point a 
of f(z) exists and is finite

a pole a removable 
singularity

 isolated 
singularity

an essential 
singularity

a removable 
singularity

Classification of isolated singularities is done with 
reference to the ………………………………. of the 
Laurent's expansion of the function about the singular point

positive power zero constant negative power negative power

If z = a is an isolated singular point of a function f(z), then 
the singularity is called….. according as the Laurent's series 
about z=a of f(z), valid in a deleted neighbourhood of z=a 
has no negative powers

an essential 
singularity

a removable 
singularity

 isolated 
singularity a pole a removable 

singularity

A point z0 is a singular point of a function f if f not 
……………………….. at z0 singular analytic pole essential analytic 

An isolated singular point z0 of f such that the Laurent 
series at z0 includes only a finite number of terms 
involving negative powers of z - z0 is called a 
………………………….

essential singular analytic pole pole 

If z = a is a singularity of f(z), then it is 
………………………………. If limit z tends to a point a 
of f(z) does not exists 

an essential 
singularity a pole  isolated 

singularity
a removable 
singularity

an essential 
singularity

Isolated singularities are classified into 
……………………………different groups two three many five three

If z=a is a singular point of a function and if the limit of the 
function as z tends to a exists and is finite, then z=a is 
…………………………. of the function

a removable 
singularity a pole  isolated 

singularity
an essential 
singularity

a removable 
singularity

Prepared by: PAVITHRA K M.SANGEETHA, ASST PROF, Department of Mathematics, KAHE



UNIT - III/2015-2018 Batch

The removable singularities and the poles are 
……………………………………  singularity  non-isolated 

singularity
 isolated 
singularity

an essential 
singularity

 isolated 
singularity

If z = a is  ………………………….. of f(z), then f(z) is 
bounded in every deleted neighbourhood of z=a 

an essential 
singularity

 isolated 
singularity

a removable 
singularity a pole a removable 

singularity
…………………………….. are the singular points of the 
function 1/z(z-1) 2 and 0 2 and 3 0 and 1 1 and 2 0 and 1

If z=a is …………………… of f(z) , then the behaviour of 
f(z), close to z=a is complicated and at z=a the function is 
not defined

an essential 
singularity a pole  isolated 

singularity
a removable 
singularity

an essential 
singularity

When the order of a pole is 1, the pole is said to be a 
…………………………….. Pole zero double simple finite simple

If z=a is a zero of order m of an analytic function f(z), then 
z=a is a…………………………….. of order m of the 
function 1/f(z)

a pole a removable 
singularity

an essential 
singularity

 isolated 
singularity a pole 

When the order of a pole is 2, the pole is said to be a 
…………………………….. Pole double finite simple zero double

If z=a is a ……………………... of order m of an analytic 
function f(z), then z=a is a pole of order m of the function 
1/f(z)

a pole zero analytic singular zero

The point z=a is a singular point of f(z) if f(z) is not 
……………………… at z= a continuous not continuous differentiable bounded differentiable

If z = a is a singularity of f(z), then it is 
………………………………. if limit z tends to a point a 
of f(z) exists and equals infinity

a removable 
singularity

an essential 
singularity a pole  isolated 

singularity a pole 

If z = a is  a removable singularity of f(z), then f(z) is 
…………………... in every deleted neighbourhood of z=a bounded Constant  zero not bounded bounded

If z is a ………………….. |f(z)| tends ∞ as z tends to a Constant     singular double pole pole 
singular points of logz are……………………… z = 0 and z = ∞ z = 1 and z =0 z =0 and z = -1 z =1 and z = ∞ z = 0 and z = ∞
The limit point of zero’s of an analytic function is a 
…………….point of the function singular nonsingular poles zeros singular

A region which has only one hole is an 
…………………..region  origin set annular moment annular
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tanz and secz are analytic in a bounded region in which 
…………………….. tanz ≠ 0 sec z ≠ 0 sinz ≠ 0 cos z ≠ 0 sinz ≠ 0

cot z and cosecz are analytic in a bounded region in which 
…………………….. cot z ≠ 0 cosecz ≠ 0 sinz ≠ 0 cosz ≠0 cosz ≠0

The poles of an analytic function are …………………… essential removable pole isolated isolated
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
Principle value of logz is obtained when n =  
……………………………. 0 -1 1 2 0

If a function h(z) is analytic at z=a and h(a) not equal to 
zero then the residue of function f(z)=h(z)/(z-a) at z=a is 
………………

h(z) h(a) f(a) z(a) h(a)

From x=  rcosθ and y = rsinθ weget θ = 
……………………… sin-1 y/x cos‑1y/x tan-1y/x cot-1y/x tan-1y/x

The complex integration along the scro curve used in 
evaluating the definite integral is 
called……………………………

differentiation contour 
differentiation

contour 
integration integration contour 

integration

cosiz = ………………………… cosz icosz icoshz coshz coshz
If a function h(z) is analytic at z=a and h(a) not equal to 
zero then z=a is a …………………. of the function 
f(z)=h(z)/(z-a)

simple zero double pole simple pole finite pole simple pole

In a compact set every continuous function is 
………………………… bounded in s uniformly 

continuous in s unique does not exist

siniz = ………………………… sinz sinhz isinz isinhz isinhz
Principle value of logz is obtained when n =  
………………………. 0 -1 1 2 0

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION
(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),
Coimbatore –641 021                                                                                                                                                                                            

        Subject: COMPLEX ANALYSIS-II                                                                                      Subject Code: 15MMU602
        Class   : III B.Sc Mathematics                                                                              Semester      : VI

   (Question Nos. 1 to 20 Online Examinations)

UNIT -IV
PART A (20x1=20 Marks)

Prepared by: PAVITHRA K M.SANGEETHA, ASST PROF, Department of Mathematics, KAHE



UNIT - IV/2015-2018 Batch

To show that the integral along gamma vanishes as R tends 
to infinity, a result called 
……………………………………….

origin lemma jacobi's lemma annular lemma jordan's lemma jordan's lemma

cosh2z – sinh2z = ………………………… 0 1 -1 ∞ 1
The logarithmic function is a ………………………….. 
valued function single multiple two zero multiple

In a complex field z = x + iy then θ = ………….. sin-1 (y/x) cos-1(y/x) tan-1(y/x) cot-1(y/x) tan-1(y/x)
The function f(z)  = z1/2 is …………. valued function single multi double triple double 
The sum f(z) of a powerseries is analytic in ………….. │z│> R │z│< R │z│ ≤ R │z│= R │z│< R

cos (z1 + z2)  = ……………………………
cosz1  cosz2  - 
sinz1sinz2

cosz1  sinz2  - 
sinz1cosz2

cosz1  cosz2  + 
sinz1sinz2

sinz1  cosz2  - 
cosz1sinz2

cosz1  cosz2  - 
sinz1sinz2

The residue of f(z) = cosz/z at its pole is ……………….. 2 3 0 1 1

 The residues at z=0 of the function f(z)=e^(1/z) is 
…………………… 0 2 1 3 1

The residue of f(z) = 1/(z^2+a^2)^2 at its singularities is 
………………. i/a3 3i/a4 i/4a3 5i/a2 i/4a3
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UNIT-IV 

SYLLABUS 

 

Real definite integrals: Evaluation using the calculus of residues – Integration on 

the unit circle –Integral with - ∞ and + ∞ as lower and upper limits with the 

following integrals:  

i) P(x) /Q(x) where the degree of Q(x) exceeds that of P(x) at least 2.  

ii) (sin ax ).f(x), (cos ax).f(x), where a>0 and f(z) →0 as z→∞ and f(z) does not 

have a pole  

on the real axis.  

iii) f(x) where f(z) has a finite number of poles on the real axis  
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POSSIBLE QUESTIONS 

1.  Evaluate ∫
𝑥2

(𝑥2+1)(𝑥2+4)
𝑑𝑥

∞

0
 

 

2. Show that  ∫
1

𝑎+𝑏 cos 𝜃
𝑑𝜃

2𝜋

0
= 

2𝜋

√𝑎2−𝑏2
,    𝑎 > |𝑏| > 0. 

 

3.  Evaluate ∫
1 

(𝑎+𝑏 cos 𝜃)2 𝑑𝜃
2𝜋

0
 , 𝑎 > |𝑏| > 0. 

 

4.  Using contour integration show that ∫
cos 𝑚𝑥

(𝑥2+𝑎2)2

∞

0
𝑑𝑥 =

𝜋

4𝑎3
(1 + 𝑚𝑎)𝑒−𝑚𝑎 , 𝑚 > 0, 𝑎 > 0 . 

5.  Evaluate ∫
𝑥2

(𝑥2+1)(𝑥2+4)
𝑑𝑥

∞

0
 

 

6. Using contour integration evaluate  ∫
𝑠𝑖𝑛2 𝜃

𝑎+𝑏 𝑐𝑜𝑠𝜃

2𝜋

0
𝑑𝜃 

7.  Evaluate ∫
𝑥2

(𝑥2+1)(𝑥2+4)
𝑑𝑥

∞

0
 

8. Using contour integration evaluate  ∫
𝑠𝑖𝑛2 𝜃

𝑎+𝑏 𝑐𝑜𝑠𝜃

2𝜋

0
𝑑𝜃 

9. Evaluate:  ∫
𝑥2

(𝑥2+𝑎2)2

∞

0
𝑑𝑥  

 

10. Evaluate ∫
1 

(𝑎+𝑏 sin 𝜃)2 𝑑𝜃
2𝜋

0
 , 𝑎 > |𝑏| > 0. 
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Question Choice 1 Choice 2 Choice 3 Choice 4 Answer
A function which has no singularities in a region other than 
a finite number of poles is said to be 
………………………… in that region

analytic meromorphic isomorphic morphic meromorphic

Find the number of roots of the function f(z) = z^8 - 5z^5 -
2z+1 which lie inside the unit circle C:|z| = 1 
………………………………….

2 4 6 5 5

n(P,f) denotes the number of ……………………. of f(z) 
in Ci ones constants zeros poles poles

Find the number of zeros of the function f(z) = z^6+z^3 -
6z +9 which lie inside the unit circle C:|z| = 1 
………………………………….

1 2 0 4 0

A polynomial of degree n ≥ 1 has 
……………………………. Zeros n-2 n-1 n+1 n n

z^8+3z^3+7z+5 has two zeros in the …………………….. 
quadrant zeros first third second first

By Hurwitz's theorem, f(z) has …………………………. 
in D. no zeros poles orders zeros no zeros

z^3+iz+1=0 has one root in the ……………… quadrant. first fourth third second first

Possible Questions                               
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Find the number of zeros of the function f(z) = z^7 - 4z^5 
+z^2 -1 which lie inside the unit circle C:|z| = 1 
………………………………….

5 2 4 3 5

z^4+z^3+4z^2+2z+3 has two Zeros each in the 
…………………………... quadrants first and fourth first and second second and third third and fourth second and third

A function which is meromorphic in the extended plane is 
a ……………………………………. real function irrational 

function rational function complex 
function rational function

Find the number of zeros of the function f(z) = 2z^9 - 5z^5 
+z^2 -1 which lie inside the unit circle C:|z| = 1 
………………………………….

2 1 5 3 5

By ……………………………….. theorem, f(z) and g(z) 
have the same number of zeros inside C. Fundamental Hurwitz's Rouche's principle of 

argument Rouche's

The zeros and poles being counted as many times as their 
……………….. zeros orders poles ones orders

one root of z^4+z^3+1 = 0 lies in the 
……………………quadrant zeros second third first first

The number of zeros of the function f(z)= z^4-5z+1 which 
lies in the ………………………….. region is 3 inner annular domain outer annular

The equation e^(z-a) - z=0, a> 1 has just one root in the 
……………………..of the circle C: |z|=1 exterior poles interior orders interior

The fundamental theorem of algebra can be proved by 
applying ………………………………….. Theorem

principle of 
argument isomorphic Rouche's Hurwitz's Rouche's

The equation e^(z-a) - z=0, a> 1 has 
……………………….. root in the interior of the circle C: 
|z|=1

4 2 1 0 1

The equation e^(z-a) - z=0, a> 1 has just one root and it is 
…………………………………………. real and negative imaginary and 

positive
imaginary and 
negative real and positive real and positive

z^8+3z^3+7z+5 has ……………………….zeros in the 
first quadrant 2 1 5 3 2

n(Z,f) denotes the number of ……………………. of f(z) 
in Ci poles zeros ones constants zeros

z^4-z^2+1 =0 has ……………………. root in first 
quadrant one two zeros three one
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Find the number of zeros of the function f(z) = z^8 - 4z^4 
+z^2 -1 which lie inside the unit circle C:|z| = 1 
………………………………….

6 2 4 5 4

z^4+z^3+4z^2+2z+3 has ……………………. zeros each 
in the second and third quadrants two three zeros one two

Find the number of zeros of the function f(z) = z^4 - 5z +1 
which lie inside the unit circle C:|z| = 1 
………………………………….

0 4 1 2 1
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