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SIXTH SEMESTER UG (CUCBCSS-UG) DEGREE
EXAMINATION, MARCH 2024

Mathematics

MAT 6B 01—COMPLEX ANALYSIS

(2018 Admissions only)

Time : Three Hours Maximum  Marks : 120

Section A

Answer all questions.

Each question carries 1 mark.

1. For the complex numbers 
0

0 1 1 and , lim
z z

z a ib z c id z
→

= + = + = ————.

2. State True or False : The function

Re
, 0

( ) | |

0, 0

z
z

f z z

z

 ≠
= 
 =

is continuous at z = 0.

3. Find the derivative of f(z) = z2.

4. Compute the principal value of logez when z = 1 + i.

5. Find all the roots of the equation tan z = 1.

6. Evaluate 
1 4

2 .
i

i

z dz
+

∫

7. If C is the simple closed contour given by the circle 
C

| | 2,  then z dz= =∫  ————.

8. Integrate 
2

2

1

1

z

z

+

−
 in the contour clock wise sense around a circle of radius 1 with centre at

the point 
1

.
2

z =

9. State Maximum modulus principle.

10. If the sequence , 1, 2,n
na n = …  converges with the limit L > 0, then the radius of

convergence of the power series

( ) ( ) ( )20 0 1 0 2 0
0

n
n

n

a z z a a z z a z z
∞

=
− = + − + − +…∑

is ————.
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11. Define removable singular point.

12. State Cauchy’s Residue Theorem.

(12 × 1 = 12 marks)

Section B

Answer any ten questions.

Each question carries 4 marks.

13. Prove that if the limit of the function f(z) exists at a point z0, then it is unique.

14. Verify Cauchy-Riemann equations for the function f given by 2 2
( ) .

x iy
f z

x y

−
=

+

15. Examine the differentiability at the origin of the function f given by 2( ) | | .f z z=

16. Examine the analyticity of ( ) cosh cos sinh sin .f z x y i x y= +

17. Find the real part of e–3z.

18. Prove that ( )1 2 1 2 1 1sinh sinh cosh cosh sinh .z z z z z z+ = +

19. Evaluate 
1

2

0

(1 ) .it dt+∫

20. If ( ) 0f z′ =  everywhere in a domain D, then prove that f(z) must be constant throughout D.

21. If M be any non-negative cosntant such that ( ) Mf z ≤  everywhere on a contour C and L is

the length of C, then prove that 
C

( ) ML.f z dz∫ ≤

22. Evalaute 
C

,
dz

z a
∫

−  where C is the circle z a r− =  oriented in the positive direction.

23. Examine the convergence of the series 2
1

n

n

z

n

∞

=
∑  on its circle of convergence.

24. Find the expansion for 
2( ) .zf z z e=

25. What kind of singularity the function 2

cot

( )

z

z a

π

−
 has at the point z = a.

26. Find the residue of the function 4
( )

4

z
f z

z
=

+
 at the isolated singular point 1 + i.

(10 × 4 = 40 marks)
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Section C

Answer any six questions.

Each question carries 7 marks.

27. If ( ) , show that 
dw

w f z z
dz

= =  does not exist at the origin.

28. Evaluate 2
C

,
9

dz
dz

z
∫

+
Ñ  where C is the unit circle.

30. Using principle of deformation of paths, evaluate 
C

1
dz

z
∫  where C is any positively oriented

closed contour surrounding the origin.

31. Find an analytic function whose real part ( cos sin )xe x y y y−  and which takes the value e at

z = 1.

32. If R1 and R2 are the radius of convergences of the power series 
0 0

and n n
n n

n n

a z b z
∞ ∞

= =
∑ ∑

respectively, show that the radius of convergence of the power series 1 2
0

is R R .n
n n

n

a b z
∞

=
∑

33. Find series representation of 
1

( ) .
( 1) ( 2)

f z
z z

−
=

− −

34. If C is a simple closed contour containing the origin, show that 1
C

1
.

2 !

az n

n

e a
dz

i nz +
=∫

π

35. Show that if 0, 0,s a> >  then prove that 

1

2 2
.

sx
ase

dx e
ax a

∞
−

−∞

π
=∫

+

(6 × 7 = 42 marks)

Section D

Answer any two questions.

Each question carries 13 marks.

36. (a) Find the Laurent series of 2

1
( )

1
f z

z
=

−
 with centre at z = 1.

(b) If R be the radius of convergence of 
0

n
n

n

a z
∞

=
∑  what is the radius of convergence of

2

0
.n

n
n

a z
∞

=
∑
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4 D 100186

37. (a) Evaluate 
C

sec ,zdz∫Ñ  where C is the unit circle.

(b) If ( ) , show that 
dw

w f z z
dz

= =  doesn’t exist at any point.

38. (a) Prove by contour integration that 
2

cos

0

2
cos( sin )

!
e n d

n

π
θ π

θ − θ θ =∫  (n positive integer).

(b) Show that 
( )2 3

2

cos3 2
.

1

x
dx

ex

∞

−∞

π
=∫

+

(2 × 13 = 26 marks)
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C 20208 (Pages : 3) Name.....................................

Reg. No..................................

SIXTH SEMESTER (CUCBCSS–UG) DEGREE EXAMINATION, MARCH 2022

Mathematics

MAT 6B 10—COMPLEX ANALYSIS

(2014 to 2018 Admissions)

Time : Three Hours Maximum : 120 Marks

Section A

Answer all questions.

Each question carries 1 mark.

1. A complex function f (z) is analytic at a point z = z0 if ————.

2. An analytic function with constant argument is ————.

3. Give an example of a complex function which is Differentiable at a point but not analytic at

that point.

4. Find the simple poles, if any for the function ( )

2

5 4

( 2)
( ) .

1

z
f z

z x

+
=

−
5. Write the polar form of Cauchy-Riemann equations.

6. Define residue of a complex valued function.

7. Fill in the blanks : The real part of sinh (2z) is ————.

8. Fill in the blanks : f(z) = ez is periodic with period = ————.

9. A point z = z0 is a singular point of a complex function w = f (z) if ————.

10. Fill in the blanks : 2Res tanz z=π =  ————.

11. The solution of the equation ez = – 3 is ————.

12. The principal value of ii is ————.

(12 × 1 = 12 marks)

Section B

Answer any ten questions.

Each question carries 4 marks.

13. Show that f(z) = sin z is analytic for all z.

14. Find the principal value of (1 – i)1+i.

15. Show that ( )1 1 1
tanh log .

2 1

z
z

z

− +
=

−

16. Show that the zeros of an analytic function are isolated.
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17. Determine and classify the singular points of ( )

2

5 4

( 2)
( ) .

1

z
f z

z z

+
=

−

18. Find the radius of convergence of the power series :
0

!
.

n

n
n

n z

n

∞

=
∑

19. Verify Cauchy-Groursat theorem for f (z) = z5 when the contour of integration is the circle

with centre at origin and radius 3 units.

20. Discuss the nature of singularities if any, of f(z) = sin (1/z) in the complex plane.

21. Find all the solution of ez = 2.

22. Find the residue of f(z) = cot (z) at its poles.

23. Evaluate ( )C 6

sin z
dz

z

π
∫Ñ  around C = |z| = 1.

24. Find the Taylor series expansion of f(z) = ez around z = iπ/2.

25. Evaluate || 2 .z zdz=∫Ñ

26. Illustrate entire function by an example.

(10 × 4 = 40 marks)

Section C

Answer any six questions.

Each question carries 7 marks.

27. Evaluate C

1

( 1) ( 2)z z
∫

− −
Ñ  around the simple closed curve C = |z| = 4.

28. Determine the nature of the singularities of the function f(z) = sec (1/z).

29. Expand 
1

( )
( 1) ( 2)

f z
z z

=
+ +

 as a Laurent series valid for 0 | 1| 2.z< + <

30. If ( )( ) , ( , )f z u x y iv x y= + is analytic in a domain D, then prove that its component functions

are harmonic in D.

31. Find the analytic function f(z) is terms of z, if ( )( , ) Re ( ) ( cos sin ).xu x y f z e x y y y= = −

32. Show that the function ( )f z xy=  is not analytic at the origin, even though Cauchy Riemann

equations are satisfied at that point.

33. State and prove Morera’s theorem.

34. Show that the derived series has the same radius of convergence as the original series.

35. Evaluate 

3

| 2| 2 4
.

( 1) ( 2)( 3)
z

z
dz

z z z
− =∫

− − −
Ñ

(6 × 7 = 42 marks)
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Section D

Answer any two questions.

Each question carries 13 marks.

36. (a) State and prove Cauchy’s integral formula.

(b) Prove or disprove : cos( ) 1z ≤  for all complex numbers z. Justify your claim.

37. (a) State and prove fundamental theorem of Algebra.

(b) Find the residues of 

2

2
( )

( 1) ( 2)

z
f z

z z
=

− −
 at its poles.

38. (a) Evaluate using the method of residues : 
2

0

1
.

cos
d

a

π
θ∫

+ θ

(b) Evaluate 4 4
0

1
, 0.dx a

x a

∞
>∫

+

(2 × 13 = 26 marks)
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SDMII SEMESTER (CUCBCSS-UG) DEGREE
IT{ARCIil 2A2I

Mathematics

MAT 6B 1O_COMPLEX AI{ALYSIS

Section A

Answer all questions.

Each questian caties I mark.

Time : Three Hours

1.

2.

3.

t, -L\24. Find the simple poles, if any for the function f (4=4: rrrrrLuruu. t \_t_ ,Zljl-r1.t" '-l

Give an example of a cgmplex'function which is nowhere analytic.

An analytic function with constant modulus is

Fill in the blanks : The real part of f (z) = tn 1r1tt

FilI in the blanks , f (") is singular at ififinity if

Fill in the blanks ; Resr=6 cotz =

State Morera's. theorem.

Solution of sinh (r) = O i.

Maximum : t20 Marks

(12x1=12rnarks)

5.

6.

7.

8.

9.

10. The.radius of convergence of the series i
n=O

(r-il" .

-ls

nl

11.

L2.

Fill in the blanks : For / (4=ry; z = 0 ig

Find the value of Log (- 10 r).

Turn over
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Section B

c'L24t

-
Each questinn carries.6 marks.
Ait questihns can be attended..

13. Prove or disprove : 
J 
sin (z) | < r for all complex numbers z. Justifr your claim.

L4. Verify Cauctry-Riemann equations for the function f (z)=lnz.

15. tt f (z) = u * iu is analytic then derive the condition under which tt + iu is analytic .
I

16. Show that the poles of an analytic function are isolated.

L7. Evaluate {1"prrar. :

i ryl(z-i)"18. Find the radius of convergence of the power se.ies , )nio nn

19. Veri0 Cauchy-Groursat theorem for f (z)= z2 when the contour of integration is the eircle with
centre at origin and radius 5 units.

l

20. Locate the singular points if any, of f @)=ffi61 in the complex plane.

21. Find all the solutions of ez = -LO.

22. Evaluate the integral of f (z) around the circle I "l=z,,where f (z) =cosz
22'

23. Find the Besidue of tan z at z =nll.

- 24. Find theTaylor series expansion of f (z) = e, around z = inlZ.

26. Find the real and imaginary parts of the function f (")=cos (z).

2$, Find the principal value of (f - ;f *, .

(8x6=48marks)

{

l-



s cniT

Answer at l,east five questions.
Each questipn carries g marks. : '

Oaeroll, Ceili.ng 45.

, ,2 *727. Evaluate 6 iJi,whereC=l z-tl=1.," (r, _r),.-------,\,

28. sfow that tan-r (")=|ueff

29' Expand t k)=# as a Taylor series about z= t.
?TL

S0. State and prove Liouvillie,s theorem.

31. Find the harmonic conjugate of u (x,y) = Re (t (r)) = 
#

32. Derive the polar form of cauchy-Riemann Equations.

. 83. State and prove the Cauchy,s Integral formula.

84: Find an analytic function in terms of z, whose real part is et (.r cos Ji, - y siny).

.

' 85. Find tlie residues ot f (z) = ; ,, ,r' =-, =a 
at its poles.

(, - r)" (, _z)(" _ s)

Secfion D

,ff::;#"::';,Y;'#r,
36. '(a) State and prove Laurents theorem.

.--_-
(b)Expandf(z)=ffiasaLaurentseriesvalidhr0<|z+Ll.2.

Tum over
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C 80270 (Pages : 4) Name.......... .r..*rir. ,,

'Reg. No............

SDffII SEMESTtsR BAJB.Sc. DEGREE EXAIIINATION, lllARCIJ 2OZA

(CUCBCSS_UG)

Mathematics

MAT 68 1O_COMPLEX ANALYSIS

Maximum: 120 Marksfime : Three Hours

Section A

Each qucstinn carrics L mark.

1. Define an analytic function and give an example of a function which is not analytic at the origrn.

2. Fill in the blanks : Ttre locus of the points a satisfring lz + 2il2 ;Zli +11 is a/an

3. Veri&whetherf(z) = ilz ii analytic ornot atz =O?

4. Find the simple poles, if any for the function f (z) = W-.ur^verv.. , \_, 
zB (zz +S\.

.

5. Is u (r, y) = x2 - y2 +ry a harmonic function ? Justifr your claim

6. Define essential singularity of a complex valued function.

7. Fill in the blanks : The real part of log (b) is 

-
8. Write the formula for the evaluation of zth deivative of an analytic function with full assumptions

involved. ''

9. Solve for.z ;82 -L =2z .

10. If R is the radius of convergence of Zoo ,n , find the radius of convergence of Zon "'o 
.

11. What do you mean by a Jordan curve ?

(12x1=12marks)

Turn over
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Section B

Answer any ten out of fourteen q.uestions.
Each questinn carrips 4 rnarks.

13. Evaluate the line integral of f (z) = 22 over the line joining 2i to i - 1.'

L4. Veriff Cauchy-Riemarur equations for the function f (z) = 23.

i - i+z'15. 
Show that tan-1 (z) = ilog ; z.

16. Show that the [rolpi of an analytic function are isolated.

. $ nlzn
18. firra tn" radius of convergence of the power series , loT'

19. Veriff Cauchy-Groursat theorein for f (z) = z5 when the contour of integration is the circle with
centre at origin and radius 3 units.

20. 'Locatethe poles and zeros, if any, of f Q)= sin(Uz) in the complex plane.
,t

2t. Find all the solutions of d = 2.

22. Find the residue of f (z) = sin(z)lzz at z =0 lfrd evaluate the integral of f (e) around.the circle
containing zero inside it.

' 23. Using the definition of continuity show that sin z is continuous through out the plane.

24. Find the Taylor series expansion of f (z) = d around 2 = iv 12.

25. Find the real and imaginary parts of the function f (z) = sin (z).

26. Determine all the poles of the f (z) = sec2 z lying in the disc lz - nl 2l<3.

(10x4=40marks)
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Section C
: Answer amy six out of nine questions"

Eaeh questi.on carries 7 marks.

27. Evaluahd- 1 "
6 @AG b) 

discussing the cases of containment of the points a + 0 and 6 * 0 inside

and outside the simple closed curve C.

28. Determine the nature of the singularities of the funcgion f (z) = cos (Ll z). Does this function
have zeros ? Find them if any.

29. Find the Laurentz series expansion of f (zl = r.:,Lr vL t \.): 
Q;;y.T;l 

diScussing the various regions of

validity for the expansion.

30' Plove the converse of Cauchy-Goursat's integral theorem by fully stating the assumptibns involved.

31. Find the analytic function f (z) foi'which u (r, /) = Re (f (z)) = d (i cos y _y sin r). you should
express f (z) finally only in terms of z.

32' Show that the function f (z) = .,6 is not analytic at the origin, even though cauchy Riemann
equations are satisfied at that point.

33. Prove the formulas for conversion Cauchy-Riemann equation into the copesponding polar form in
detail.

Show that the derived series has the same radius'of.convergenoe as the original series.

Determine the locus of points of z inthe complex plane satisffing the equatio n l, - Al ll, - 27= Z.

, (6 x 7 =42 marks)

Section D

Answer any two out of three questions.
Each question carries lB rnarks.

36' (a) 
ferive the formula involving integral to compute the first derivative of an analytic function
by stating all the assumptions involved.

(b) Proveordisprove:lz1+"rl'* l"r-rrl, =z(prl, *l2l')*.altcomplexnumbers zrarrdz2.

34.

35.

Turn over
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STXIH STMESIER B.Sc.

i

MAT 68

Time : Ttrree flours

(Pagee:4)

Reg.

DEGNEE ffiAIIIINATION,
(CUCBCSS)

Mathernatics

Maximum : L20 Marks

1.

2.

3.

' Slection A

Answer all th.e twelve questinns.

Each questinn carries L mark.

Solve for z:52=2i2.

State Cauchy4or:rsat theorem with full assumptions involved.

Veriff whetherf (") =2 is analytic or not at z = O.

)..t\ 4. Find the simple poles, ifany for the tunction f k) = +aI,ruwurv. , \._/7 
,B ("2 +t).

;

5.

6.

7.

Is z (r, l)= *2 + y2 -rya harmonic function ? Justifr your claim.

Define a simply connected domain.

Fill in the blanks : The real part of cosh (22) i" -----:

8. Filtin theblanks : Thelocus oftheporntsz satisfring I z -Zil=21 i-1 I ir alan .

9. If an infiniteseries of complex numbers converges, then show that its zth term converges to zero.

10. If R is the radius of convergence of Z on zn,frndthe radius of convergence of \ nz anzn.

11. What doyou mean by a contour ?

12. Find i'.

(L2xl=12marks)

Trrm. over

/7
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Slection B

Answer dty tea out of fourteen questions.

Each qirzstirln carri.es 4 marks. 1

13. Find the real and imaginary parts of the function f ("\= log (z).

L4. Verift Cauchy-Riemann equations for the function f (r) = ,3.

15. Show that tan-l ("\ = *r*'#

16. Show that the zeros of an analytic firnction are isolated.

L7. Evaluate the line integral otf (z) = "2 
ouu, the line joiningr to 2i -L.

' 18. Find the radius of convergence of the power series , Pr#
:

19. Venfr Cauchy-Groursat theorem for f (z\ = z2 when the contour of integration is the circle with

centre at origin and radius 3 units.

2A. Locate the poles and zeros, if any, of f (z) = cos(Llz) in the complex plane.

21. Find all the solutions of e' = 3.

22. Find the residue of f (z) = sin (r)l ,' at z = 0 and evaluate the integral of f (z)around the ellipse

containing.zero inside it.

2g. Using the definition of continuity show that the composite oftwo continuous functions is continuous.

24. Find the Taylor series expansion of f (z) = e' around' z =h12.

25. Which one is biggen ll ,rl- I "rllorl r, - "rl. Prove your claim.

26. Deterrrine all the poles of the f (") = ""u2, 
lyine in the disc I z - xl 2 I < 2.

(10x4=40marks)

I-
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Section C

Answer any eu.oui of nine questinns.
' Each questinn carri.es 7 marks-

27. Determirie the nature of the singularities of the function f (") =sin (!z). Does this function have

28. Evaluate $"O-"lO=qdiscussingthecasesofcontainmi:ntofthepoints a*0andb*0 inside

and outside the simple closed curve C.

29. Find the Laurentz series expansion of f (z) = , :# ^discussing 
the various regions of

(z -r)' (, - 2)

validity for the expansion.

30. Prove the converse of Cauehy-Goursat's integral theorem by fully stating the assumptions involved.

31. Find the harrnonic conjugate ofu {x, t) = e' (r cos y - y sin r) and find the corresponding analytic

function f (z) for which u (x, y) = ne (f (z)). Express the result for f (z) U terms of z only.

92. Show that the function f (r) = Jry i" not analytic at the o/rgir.., even though cauetrs;' Rieteana
, 

',u

equations are satisfied at that point.

BA. How do we convert the Cauchy-Riemann equation into the corresponding polar form ? Prove the

formulas for conversion in detail;

g4. Show that the derived serieb has the same radius of convergence as the original series'

bS. Determinethelocusofpointsofzinthecomplexplanesatisffingtheequation lr-Ll+1"-21=5.

(6x7=42marks)

Section D

Answer any tro out of three questions.

Each questi.on carries LB morks.

36. (a) State and prove fundamental theorem of Algebra.

o2
(b) Find the.residues of f (z) =;-- .; 

- 

at its poles- '\' @-t)'("-z\ ' Tumover
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SIXIII SEMESTER B.Sc. DEGREE (SLrppLEMEf{TARy)
IT,IARCH 2018

(CCSS)

MM 68 IO-.-COMPLEX A}.IALYSIS

Time: Three I ours

N

Part A

Answer all questions.

Each qucstion carics weigtrtage %.

What is the value lim,* 7 - -; .

rrre imaginary part of an analytic,funotion is harmonic. say Tlue or False.

Bemovable singularity.

Essential singularity.

Maximum: 30 Weightage

Turn over

1.

2.

3. What is the real part of :

4. led"lis

(b) - 1.

(d) e.

5. .Express the cosine function in terms of exponerrtial function.

6.. Given an example of an complex function which-is entire and bounded.

7. 'What 
is the parametric form of the circle I "l=r.

8. Define removable singularity of f (z).

srnz* g. Forthefun*ion f (z)==,a=0 is-;.,.,2.

. (a) Simplepole. (b)

(d)



2,. iD"40900 j

(l2xt/n=Sweightage)

(9x 1=9weightage)

- -.o
10. 

'Identiff 
the poles of "r* o=.

z- +l

11.

t2.

For an analytic function f (z) it u, =2x and u, = -2y then find f'(").

Write the formula for: residue of f:(z) at a pole z = a of order 8.

13.

Part B

fua:wer all ailare questians. 
.

Each question carries weightage L.

Show that u =be J*\ y? is harmonic.

Show that the funetion f (z)= rv +ry is now.here differentiable. .,:
If a function f (z) is analytic in a domain D then show that its real part is harmonie in D.

'.:
Find the principle value of (- i)r,

.,

20, fi"a tfr" order of the pole f (z) = ' , 1t' it ,'=0..'\, z,

L4.

15.

16,

, L7.
l

18.

21. Find residue of the funetion
1

V+7 at z=ai.



22.

23"

I

'8
D 409q)

part C

Answer any frve questions from seven-v Uwvor.*rrO,j IIUI|L Se

Each questian carrics weightoge Z.

Show tbat u(t, t) = x' - 3*y' is a harmonic function and find a harmonic cotjugate u(x, y) of u.

Prove cauchy-Riemann equations in polar form for the function t(r).

24. Find constants a and b so that the functio n f (z) = a(x, - yr)* ib*y +c is diff6rentiable at every
point.

25. Find all roots of the equation 
"orh, = 1.

26. Using Cauchls residue theoremevaluate f I,iY dz around the unit circle.t zi-Bz*

into a Taylor's series about the point z = 1 and determine the region of convergence.

28' tf f (zl ara f k) are analytic in a regron D then.rro* tn"t f(z) is constant in that region.

(5x2=l0weightage)

.Answer any two questinns. 
.

Each question carrics weightoge 4.

29. Expdn d f (4= 
k.EfuinaLatrent,sseriesvalidfor:(i) 

0 .lr-11.4; (ii) I z-tl>4.

30. State and prove Cauehls integral formula.

27. Expand 1
z

31. Find f'. d0
Jo E + 4sino'

(2x4=Sweightage)
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section A
Answer all tlw twelve questians.

Each question carrib 1.rnark.

1. Define the limit of a complex valuedfirnction.

2. -write cauch/s integral formula with full assumptions involved.

3. Verifrwhether f (r)=2tr isanalyticornot atz=O?

4. Find the simple poles, if any for the function f (")= (" -L)'

"3 
(rz +z)'

(Pages:3) *"i"*;.1T..,r"..........._./$.
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Maximum: 120 Marks

5. Is u (x,y) = x2 + y2 + fiy aharmonic function ?. Justify your claim.
6. Define residue of a complex valued function.

8. Fill in the blanks : Ttre locus of the points z satisfring lz +%12 =Zli +11 is a/an

9. Solve for z :\iz = %.

10. If R is the radius of convergen ce of laoz', find the radiusof convergence of Zon"rn .

11. What do you mean by a simply connected domain ?

12. Find the value of r, + log (;).

(LZxL=Llmarks)
. Section B

/tnsw';;y,:;,r:::!:ffienques.tinns'

Which one is biggerr llal- Prll*lq - zzl. prove your claim

Veriff Cauchy-Riemann eq[uations for the function f (z) = zs.

13.

L4.

fi.j}!':'lrSH

Thrn.over



15.

2

Show that tan -'("\=!bg!:3 .' Z t-z

Show that the poles of an analytic function are isolated.

Evaluate the line integral otf (z) = zz over the line joining2i to i - l.
Find the radius of convergence of the power series :

c zlutl

g nlzn)-.
#o nn

19. Veriff Cauchy-Groursat theorem for f (z)= e5 when the contour of integration is the circle with
centre at origin and radius 3 units.

20. I,ocate ttre poles and zeros, f *y, of f (z) = sin (1/z) in the complex plane.

21. Find all the solutions of d =2.
22. Find the residue of f (d = sin (z)lz2 at z = 0 and evaluate the integral of f (z) around the circle

containing zero inside it.

28. Using the definition 6f continuity show that sin z is continuous through out the plane. '

2:,4. Find the Taylor series expansion of f (zr= ei around z = inl2.

25. Find the real and imaginary parts of the function f (z) =sin (z).

26. Determine all the noles of th; f (z) = se& zbnne in the disc lz - il ?)3.

. (1ox4=40marks)

Section C

Answer any six out of nine questions.

Each questinn carries 7 mb.rks.

27. Evaluate 6.,- 1 r:------j- !

g V qG 4) discussing the ca.ses of containment of the points o + 0 and b * 0inside

and outside the simple closed curve C.

28. Determine the nature of the singularities of the function f (z) =cos (1/z). Does this function have
zeros ? Find them if any.

29. Find the Laurentz series expansion of f (z)=
(22 -B)z (, -z)

discussin! the various regions of

va.lidity for the expansion.

30. Prove the converse of Cauchy-Goursat's integral theorem by fully stating the assumptions involved.

16.

17.

18.



u

31. Find the analfiic function/(z) for which
expressf(z) finally only in terms ofe.

3

u (x, y) = Re ff(e)) =

c 2to7r

d (x cos y - y sin r). you should

32' show that the function f (z) =.@ is not analytic at the origin, even though cauchy-Riemann
equations are satisfied at that point.

33' Prove the formulas for conversion cauchy-Riemann equation into the corresponding polar form indetail.

34' show that the derived series has the same iadius of convergence as the original series.

35' Deterrrine the locus of points ofz in the complex plane satisfring the equatio n l, -4-1, -ll=2.

Section D

,4nswer any tvyo otut of three questinns,
Each qu.estion carries..l8 marks.

86. (a) State and prove Liouvillies theorem.

(6x7=42marks)

(b) Prove or disprove : fcos (z)l s 1 for alr complex numtersz. Justift your claim.

87 ' (a) state and prove fundamentar theorem of Algebra.

_2
G) Find the residues of f (z) = 

1":ftqat its poles.

88. (a) Evaluate using the method of residues : 
Jo2n

foo *2G) Evaluate f* * /la n-o

,.rf,i".

(2 x 13 = 26 marks)



'.? 21563

SDCIH SEMESTER B.Sc. DEGREE
ETAMINATIO-N, IT4ARCH 2OL7

-----ruC-CCSS)

Mathematics
l

MM 68 IMOMPLE)( ANALYSIS

Time : Three Hours Maximum: 30 Weightage

d--a!- -  SectionA

Answer allquestions
Each qugstinn carrics %, weightoge.

1. TLr6 real part of an analytic function is hamonic. Sqy True or False.

z. What is the \-^r--^ 'r:* zzs -1 lli^r-*fi? 
,,',

3.- What is the inagtnary part ofzs ?

(a) e2 ;(b) e ; (c) 1 ; (d) -e2.
5. Express the sin lr* in terms of exponential function

6. Give an example of a complex function which is entire and bounded.

7. What is the parametric form of the circle lzl = 4?

- z-L8. Find pole of the firnction f Q)

9. Determine the singular poin'ts of +' zo -2x
10. Write the forrnula for residue of f (z) at a pole z = a of order tn.

11. For an anaffic fuuction/(z) if u, = -2y ond vr= 2* then fiodf(r).
dzL2. Find the vatue ot $4=rft.

Section B

Arlsurer a[ nine questions.
Each qucstbn carrirzs L weightage.

13. Show that the functionf (z) = el is differentiable ever5nrhere.

L4. Show that u = d casy is harmonic.

(l2xYr=Sweightage)

Tum over
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15. Prove that an analytic function whose imagrnary part is constant is itself a constant.

17. Show that cosh(z +ni)=coshz.

. 18. State Taylor's theorem.

19. Evaluate I+ d.z whercCistheunitcircle.
a z-nlZ 1,3

20. Find the residue of f Q) = * at z = -i,.

2L. Find the singularities of the furtctior.zeuz.,
: (9 x 1= 9 weightage)

' SectionC

.4nswer any five questions.
Each questian carrics 2 weightage.

22. show that u (x, y) = 2r - x3 +8ry2 is a harmonic function and find a harmonic conjugate u (x, y)

of u.

23. Prove that the faririlies of level curves u(x, y) = ct otrd u(x, y) = cz glt.^ orthogonal for an analytic

function f (z) =u(x, y) +iu (x, y).

24, 
. 
Prove that, f (z) = zlntz is differentiable only z = O.and fi"d ftOl. :

25. Using Cauchy's residue theorem evqluate I *dz around the circle t"FZ.
(z + 1)"

26. Find all roots of the equation sirhz = i.

27. Expan d. sinainto a Tayloy's series about the pont , =l and determine the region of convergence.

28. Evalu *" !-ffi& whereC is the circle lz t = 2 using Cauch/s integral formula.

(5x2= l0weightage)

Section D

,"f ;:":;;y#:;1i;Y,!i;,r"
z

29. l:f"U l"r:e_L)e_) ina.Laurent'sseriesvaliefor(i) lzl <1;(ii)0< lz,-21 <t;
(iii) lz-11 >1.

- 30. Using contour integration find the value of 62'.9
z+L

B1.Evaluateusmg(i)Cauch/sintegralformula;(ii)residuetheorem[ffi,whereCisthe
circle lz+L+il=). l

. (2x4=Sweightage)
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Answer all questions :

2 Venfu Cauchy-Riemann equations for the function :

f (z) =sinrcoshy + icosrsmhy,

Prove that, u= x3 -Bxy2 +Bx2 -3y2+1 is harmonic.
,

Define Pole.

5 Find the poles of f(,)= z+2

, (r, *t)a {"-z)

Prove that an analytic functionf(z l= u +iV is constant if its realpartis eonstant.

"o"(ry)= .

Core

MM 6B

Time:

I.

'and write their orders.

Maximum : 30 Weightage

(\2x r/e = 3 weightage)

3

4 :l

l

i

6

7

8

I

10

11

L2

*dz 
= 

-where 

C is the circb | ,l =*.

I

If 
"z 

-rt+iv trfusa 
| 
,' l=-.

Define the Residue at a pole.

Turn over
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U. Answer all ninequestions :

B'ind the harmonic eonjugate of 4 - ,2 -y2 ,

' , -l:;,r-.."
Show thar f (el''rdd not exiet at my point of z wtren f rcl = Be (z).

. . ;1,i.

Find the prtureipirl ulues of (-r)'

Evaluate l*& whe.scis lzl=+.

I

Evaluate [; a& *frerc C ir thc+ircle I z -bl=7.
ao -"

Prove that exp(4 t $ r i) =- et. i

t
Show that f'(e) does not euri$ at any$iint of z tfien f(sl*Z .

III. Answer any fiue questions :

l4

15

I6

13 Prove that | "'"1.1 if and only ifrreal part of z > 0.

18

19

20

2l

22

23

24

I 5r-2 e-
using cauchy's Besidue Ttrarrem eval$ete !6*
kove that differentiable fuaetions arc :@tinuotrs.

7a

Obtain the Taylorseries expansion soss at , =r.

about z = l.

t7

whereCistheciiGilE lzl = 2.

:-,
T-.

25 Obtain Laurent series expondon of

26 State and prove Liouville's theorem.

27 ftove that f (r) = ./ftl is not analytfu et the origin even if tlre Cauchy-Riemam equations

are satisfied at that point.

28 $tate and prove Cauchy's Beaidue Theorem.
(5x2=l0weightage)

z(z-l

r
I
l

1

l
l

l-i

1

I
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(2x+=Sweightage)

.'

\
IV.,,: :i{ndwer any- twti' qrrestidts :

*ia

_rl;emilI"".

:

.::;

t
t
r
It.
: -li.I \.:'
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1. Define a harmonic function.

2. Sin (, y) - 

-.

Answer all questions.

z3 (z -1)a (z + l)E3. Given fQ) = ffi. write the order of the zero z = l.

-.:l-,^ at-- --,-4. State Cauchy's residue theorem.

5. Cosh2z-sin h2z=

6. 'Define isolated singularity.

7. lf ez - 
" 

x+it then arg (d) =

- .r ,28' I 
" -g 

dz = 

-where 

c is the circle lzl = z.

9. Prove thatu = x2 -!2 is harmonic.

10. State Liouville's theorem.

11. Verifr Cauchy-Riemann equation for

12. Define Pole.

(Pages:3)

the function f(z) = (3r+ y) = i (By - x).

Answer all nine questians.

Maximum : 30 Weightage

{l2xYt=Sweightage)

l

j

l

+s18. Find the haim6ilic conjugate of u, = x4 * 6*2 yz + y4 .

14. Prove t}riat f '(z) does not exist at any point if f (z) =z V.

Turn oVer
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15. Prove that f Q)=l does not have a limit when z->O.

..:

1.6. Evaluate f * *wherecis tzl = 1.l"'
L7. Give an example of removable singularity

lg. Determine the order of zero of the function "("' -1) at a = 0.

i,

(9,1,!. 
= 9, we.ightage)

Answer dny fiue questians. 
" :

22. Findaaanalyticfunction f(z)=u1iogiven u=si1 xcosh1r+?cosxsinfty +x2 -yz +LW.

2.3 provethat Los(1-d) =f,r*Z-i!.

24. Stat€ and prove Cauch/s Integralformula.

25. UsingTaylor'sseriesp:ovethat,.-

1 g (z-Dn_=
L-z 3o $-11n+1'

ZG. Usrng Caueh/s residue theo:em evaluate:

cz*L -

)-Zd'*h"r"cis lzl = 1.



a

27.

28..

ad

Prove that differentiable firnctions are continuous.

zg. Obtain Laurent series expansion ot &irB l< I zl<2.

e80026

(5x2-l0weightage)

(2x4=Snreighhge)

Let f (z) be an aqalytic firnction such that lf Al< 4l"l for every z, where A is constant. Prove

that f (z) = or z where o, is a complex constant.

[ <z>' . o+tr
30. Provethatf(z)=1 ; ''?v isnot

[o i z=o

analytic atz =0. But Cauchy-Riemann equations are satisfied at that point.

al. Evaruate !#*

l,

n

rl

ll

ii

n

ij

il

rl

tl

-ll
ii
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, Sectio.n A
Answer all the questions.

1. What is the value of :'

(22+i\
llml --- |,*_(z*L).

2. Find the imaginary part of z + i. 
:

3. f (z)=u(*,y)+iY(,x,y) is analytic'in a domain D if and only, V is =-.._:- of u.

4. What is the real part of d ?

7 . The value o f sio is:

/
l

l
1

l.J

.t
I
ll
j
1

1':, .a
)

!
I

I

I

I

I

I'i
,il
,.]

J
!
i

I
l
1

--1

J

il
"1

l'!

,r
j

i.i
l

I

",1

l

l

(a) 1.

(c) -1.
:

8. The value of ls'

(a) 2d" -

(c) 2r. l

(a) Removable singular point.
(c) Pole of order 2.

(b) e.
(d) 0.

(b) Pole of order L.

(d) Essential singular point.

,+
9. The region ofconvergence ofthe series :

, zz 'qn
L*i*".".+\+... isL! 2l nl

What is the sum function ofthe series | + z + z2 + . . . + zn-r + . . .

z'-4
For f (z)==,2-2 isa

10.

11.

Turn over



12. Identi& the poles of I

o-L'

, -.z- -L

' ,Log (1 - i)

16. Show that':

Answer all nine questions.

L3. Show that f '(z) does not exist at any point for f (z) =2x + i*y2 .

14' If f (z) and f (z) are both analytic in a domain D, prove that f (z) is a constant throughout D.
.15. Show that:

C,40895

,

(L2xt7n=Sweightage)

=*ro 2-ii.,"'

19.

'L7. State Cauchy's integral formula.
:

tdz
! "-1, 

where C is I z - 1l= 2.

Show that when 2- 7e'e

e"..1 1 I z
-=_J__a_r:_L'z' z' z.'2! 'S! '"'
State Cauchy's residue theorem.

21. Forthefunction f (zl- 1-egshz 
determinern.f6*rofthepole at z=0andthecorresponding,,-\,q6

a

resldue.

-. .,. (9.x'1 
=,S wcightage)

fueGion C
; l' '

Aisus ex qny. frur, qaesti.oas.

show that u(x,y)=2*- xs +81612 ishar,rnonieand,findahalmonie cotju.gpte u(x,y) of u.

ff f (z) = u(x,y) + iY (x,y) is analfiic in a domain D, prove that uand V are harmonic in D.

22.

23.

I

I

1
I-l
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Section A

Answer all tlw twelve questiorw.

Eack questian carrics L twrk.

1. What is the period of f (z)= eb ?

2. Give an example of an entire function.

3. What is the complex, form of Cauchy-Biemann equatious ?

4. Define entire function. ',

5. What are the singularities of /(z) =l "l'
6. State Cauchy's integral formula.

7. State Morera's theorem.

8. State Gausss m€an value theorem.

11. Define removable singularity of a clmpbx function,

12. What, is the residue at a removable singularity ?

(l2xl=l2.marks)

Section B

An$wer any ten out of fuiarteen questians.

Each questian carries 4 marks.

13. Define Analytic functions. Give an example

f+. Show that (z) = sinr cos h y+ i cosrsin ft y is an entire function.
Turn over

Maximum: L20 Marks



15.

16.

t7.

18.

19.

20.

21.

25..

2,']
If f = u + iu is analytic, then show that u and v are harmonic.

Prove of disprove : Log (ob ) = al,og (a). where Log is the principal branch of logarithm an d a, b e C.

State Cauchy's integral formula and its extension.

Find all the valucs of sin-r (-i).

Is Cauchy-Goursat theorem valid for arbitrary connected domains? Prove.your claim.

Using Liouville's theorem prove the fundamental theorem of algebra.

e e-'dz
Evaluate l"#*tr, where C denote the positively oriented boundary of the square whose sides

lie along the lines * =* 2 end y = *.2.

22.
,@

Suppose zo=*o+iyorn=L,Z,S,:.- apd S=X+tlf. rf 
F.ir"

Section C

Answer any si* out of uiite questions.

Each questian carrics 7 morks.

Derive Cauchy-Riemann equations.

If a functio" f (r)=u(*,t)+iu(x,l) is analytic in

harmonic in D.

= S, then sho-w that ,Zrn =X and
z=l

inthepositive

(10x4=40merhs)

o

I.y, =Y.
n=l

26.

State taurent theorem

Give an example of a non iSolated singularity"

Using Cpuchy's integral theorem, evaluate I"# dz, whereCis thecircle [, | = g

t

sense.

Define pole and its order of a complex function.

27.

28. a domain D, then show thatuanduare



3

29. Find the harrnonic eonjugate of u(*, y) -sin ft. *siny.

D 40042

30. U-sing contour integration, evaluate !.r,' &, where C is the path given by z =Beo, 0 < 0 < r.

31. State and prove the principle of domination of paths.

32. FindtheLaurentseriesthatrepresentsthetunetion f (z)=22'sil.(+) -thedomain 0<lalco.

@

33. If a power series 2q V - ,o'l' converges when z = zr (4 * ao) then show that it is absolutely

convergent at each point z in the open {igKla - zol.R, where R, = l 4 - zo l.

34. State- and prove Cauch/s r.esidue theorem.

35. Usirrg residue evaluate I:*t
,. : 

(e x7 = }marks)

, Section D

Answer gny.two out of tbree questions,
t,aatia- ^^-;^- le -Eoth questian carrics 13 marks.

86. State and-prove reflection principle. '

37. (a) State and prove Liouville's Theorem.

(b) Using Liouvillers theorem, prove fundamental theorlm of algebra.

-@

38. (a) Showthatthepo:rerseries S(z)= Zo^(r-"o)" isanalyticeachpoint,zinteriortothecircle
n=0

, of convergence of that se:ies;

I(b) Find the residue of -i-r at a = 0. -z+z'

(2 x 18 = 26 marks)


