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SECTION _ I

Answer the first ten questions are compulsory. Each question carries I mark.

1. State Divergence criterion for functional limits.

2. Determine the points of discontinuity of the greatest integer function.

3 p;n6 s;r JEi:@ where x>0.
x -0 X+2X'

State Rolle's theorem.

Find the interval on which the function

Evaluate lim 
x' * x 

.

'--c stn 2 x

4

5

6.

P.T.O.



v.

7.

8.

13.

'14.

When a function is Riemann integral.

State true or false: lf lf I is integrable on [a,b] then f is integrable on [a,b] .

Justify.

Find the measure of the set e=h.l.7... 1"].
| 2'2, 21uu )

12.

10. Give an example of a continuous function which is not differentiable.
(10x1=10Marks)

SECTION _ II

Answer any eight questions from this Section. Each question carries 2 marks.

11. Using e -+d version of the limit of function, show that )\r' -0.

[x sin (1 / x), if x *O
Discuss the continuity of the function S (x)= l[ 0 ifx=O

State Non-Uniform Continuity criterion.

Lel f :A-+ R. and g:8-+ R. where t(A)eB. lf f and g are differentiable then
show that its composition g. f is also differentiable.

lf g:A-+ R isdifferentiableon an interval A and satisfies g'(x)=O forall xeA,
then prove that g (x)=k for some constant ke R.

Show that if f is differentiable on an interval with f'(x)+1, then there exist at

most one point x such that f (x)=x.

lf lim f (x) and lim f (x)g (x) both exist, then does it follow that lim g (x) exists?
X--.ra X-)A X -)a

Justify your answer.

15.

16.

17.

18. Show that the greatest integer function [[x]] is not differentiable at x -1 .
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19.

20.

21.

22.

Compare U(f ,P) for the function f defined by f (x)=/ 6n [0,1] and

P=lol?91.||'4 4',4 )

Show that the Dirichlet's function is not integrable on [0, 1] .

Prove that if f and g are integrable on [a,b] then f +g is integrable on [a,b].

lf f is continuous on [a,b], show that there exists a point ce(a,b) such that

r @)-;;!b s $)dt '

(8x2=16Marks)

SECTION - III

Answer any six questions from this section. Each question carries 4 marks.

23. Show that lim g(x) does not exist where g (r)={: '!."?.x-a [0 rfxeQ

24.

25.

26.

27.

Prove that the composition of continuous functions is again continuous.

Show that a real valued continuous function on a compact set

uniformly continuous on K.

State and prove Darboux's theorem.

Let f :/+ R. be bounded on /. lf Q is a refinementof a partition of P

show that U (t,P)>-U (t,a) .

KcR is

of / then

28. Prove that if f is continuous on [a,b], then f is integrable on [a,b].

v - 1683



2s. Showthatthe function f(r)={l''.'*t, r"integrabte on [0,2].[0 if x-1

30. Let f:[a,b]-+R be bounded on [a,b] and let ce(a,b). Provethat f is integrable
on [a,b] if and only if f is integrable on [a,c] and [c,b].

31. Show that lf f :A-+ R. is uniformly continuous on A
sequence in A then (f(x")) is a Cauchy sequence.

and (xr) is a Cauchy

(6x4=24Marks)

SECTION - IV

Answer any two questions from this section. Each question carries 15 marks.

32. (a) Let f:A+ R. be continuous. lf KsA is compact, prove that f(K) is

compact. 7

(b) Show that f (x)11 yz is uniformly continuous on the set [1, ""] but not on the
set (0,1).

33. State and prove lntermediate Value theorem. ls the converse true. Justify.

34. (a) Provethat lim cos(1/x) does notexistbutthat linqxcos(1/x)=0. 7

(b) State and prove Riemann's criterion for integrability. 8

35. (a) Let f :[a,b]-+ R. be increasing on [a,b]. Show that f is integrable on [a,b]. 7

(b) Let g:[a,b]-+ R be continuous on [a,b]. Prove that C(x)=fg(f)df is

differentiableon [a,b] and G'(x)=g(x)forall xela,bl. I
(2 x 15 = 30 Marks)
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1.

2.

Time: 3 Hours

SECTION _ I

Answer al! questions.

State Cauchy's integral formula.

State generalized Cauchy's integral formula.

Max. Marks:80

an example of a convergent

convergent then it is uniformly

Give

3.

4.

5.

Evaluate I " dr.
ft]42-2

When we say that a series is convergent?
series.

State True or False. "lf a sequence is pointwise
convergent".

P.T.O.



6. Using the ratio test, check the convergence of i1itil
What is Maclaurin's series?7.

8. State Cauchy Residue theorem.

9. Give an example of a rational function.

10. Find the zeros of f (z) = (z _2) t z2 .

13.

14.

-aZ
12. Find I -:-42.

Pt3z-2

15. Show that the series i{ 
"onr"ro"..7+ jt

Showthat l+=2ziwhere C isthecircle zl=3.
L, -1

Show that ic' conrergss 1e - 
1 

if lcl < 1 .

14 1-c I

11. State and provq

SECTION - II

Answer any eight questions.

Morera's theorem.

(10x1=10Marks)

16. lf f, is a sequence of functions analytic in a simply connected domain D and
converges uniformly to f in D then prove that f is analytic in D.

Find the Laurent series for the function 
z2 

-2a+3 in the region lz-ll>1.z-2
17.
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18. Compute the residue ol f (z)-sq12 at each singularity.

19. Find the residue of f (z)-il(7al)3 at its pole.

20. Evaluate
,l=zz3(z -l)

show that lim f(z)=.".
Z-)ZO

21. lf zo is a pole of f (z) then

22. , Find the Taylor series expansion of ez at z -1 .

(8x2=16Marks)

sEcTtoN - ilt

Answer any six questions.

where C is the circle zl=1.

in a domain D, show that all its derivatives exist and are analytic

dz

23.

24.

- ,26'
ttnd | 

-dz
r"2z + i

lf F is analytic
in D.

27. Find a function f
orlr) 

=ro(r).
dz

26. Show that the series
3 3+2i) . converoes.
ft(i+1)l

that is analytic and satisfies the

25. lf f -u+iv is analytic in a domain D then show that all partial derivatives of u and
v are continuous in D.

28. Find the radii of convergence of the following power series

(a) 5.'
?anl

(b) i4r,
7tn'

differential equations
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29. lf f is a pole of order rn then show that

Res(f, zo) = )y, ##te - z)m f (z)).

Find PV 
-l !' - a* .t-(x'+1\'

Evaluate [ "!,*l o, using Cauchy Residue theorem.
. / z2 -'lz=2' 

(6x4=24Marks)

SECTION - IV

Answer any two questions.

@l fi f (z) is analytic inside and on a closed contour C and zo is a point inside

c then show that f'(zo ;= =! [ , 
f (') 

,u d, .

zn" \z_zo)-

(b) ,"0,,L#0,

30.

31.

34.

33. Find the Laurent series expansion of

(a) lrl.l
(b) t<lzl<1

(c) lrl,z

in the following regions.
(z-1)(z-2)

(a) Explain different types of singularities with examples.

(b) Find the residue at z-O ot f (z)-2s3t' .

Evaluate 
2f 

sinz e o, .

| S+4cosd
(2x15 = 30 Marks)

35.
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SECTION _ I

Answer all questions. Each carries 1 mark.

1. 
'r 

{[: f) , ,. z] i" 
" 

subrins ot Mr(Z)?why?
tl.1 o) l

2.

3.

4.

5.

6.

Give example for a zero divisor in Zn and show that the given element is indeed
a zero divisor.

For a ring R, ideal A in it, R/A is an integral domain implies that A is a_ ideal.

Give an example for a maximal ideal in Z.

What is the natural homomorphism lrom Z to Zru?

Give an isomorphism from Z to itself.

P.T.O.



7.

8.

9.

10.

State Eisenstein's criterion.

Define prime in an integral domain.

lf F is a field, then f [x] is a Euclidean Domain with d defined by

ln an integral domain, it (a) = (O) , tfren is it necessary that a = b ? Justify.

12.

13.

(10x1=10Marks)

SECTION - II

Answer any eight questions. Each carries 2 marks.

11. rs S =,r[a ll,uO-Oc + O] a subring oI Mr(Zl,the set of att 2x2 integer
[(c d) ) "

matrices? Justify.

Define characteristic of a ring. What is the characteristic of Z, ?

ln Z I 42, using standard operations that makes it a ring, explain the addition
and multiplication of elements in it using two nonzero elements.

14. ls the ideal generated by x2 + 1 in Zrfx) prime? Why?

15. ls 22 isomorphic lo 3Z ? Justify.

16. lf R is a commutative ring, show that characteristic of R and R [x] are the same.

17. Find the kernel of the ring homomorphism k -+ k mod 10 from Z to 2,,o.

18. Find all monic irreducible polynomials of degree 2 over Z, .

19. lf d isdefined on Zlilby d(a+ib)=a2 +b2, showthat d(x)< d(xy) forany
x,y e z[i).

20. Define Euclidean domain. Show that Z is a Euclidean domain.
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26.

21. ln an integral domain, show that the product of an irreducible element and unit is
irreducible.

22. Give two factorizations of 10 in ZLIJI
(8x2=16Marks)

SECTION _ III

Answer any six questions. Each carries 4 marks.

23. Showthat {a+ ib: a,be Z} isa subringof C,thesetof all complexnumbers. ls

this an ideal? Justify.

Show that a finite integral domain is a field.

Show that the ideal generated by x2 + 1 is maximal in R[x] where R is the set
of all real numbers.

Prove that if R is a ring with unity, then

Z, the ring of integers to R.

lf F is a field, show that F [x] is a PlD.

t (n) - n.1 is a ring homomorphism from

Show that the p th cyclotomic polynomial is irreducible over the rationals Q.

Prove that Z [] is a Euclidean Domain with d (a + ib) - q2 a 6z .

Let f (x) =onXn +...+ao e z[x] and suppose that p is prime such that

p + a, p I ar;,... and p2 I ao. Prove that f is irreducible over rationals Q.

ln a principal ideal domain, show that if an element is irreducible then it is a
prime.

(6x4=24Marks)

24.

25.

27.

28.

29.

30.

31.
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(b)

34. (a)

(b)

SECTION _ IV

Answer any two questions. Each question carries 15 marks.

32. (a) Let R be a ring with unity. Show that if t has infinite additive order, then
characteristic of R is 0, and othenarise it is n where n is the additive order
of 1.

(b) Show that the characteristic of an integral domain is 0 or a prime.

(c) Find the characteristic ol {0,2,4,...,10} as a subring of Zrr.

33. (a) Let F be a field, p(x)e F [x]. Prove that (p(x)) is a maximal ideat if and

only if p (x) is irreducible over F [x].

Construct a field with 8 elements.

State and prove the division algorithm for F [x] .

Use this to find the quotient and remainder upon dividing
3xa + x3 +2x2 +1by x2 + 4x +2.

35. (a) Prove that every Euclidean domain is a PlD.

(b) Show that the integral domain Zli-5)is not a UFD.

(2 x 15 = 30 Marks)
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SECTION - A

Answer all questions. Each question carries 1 mark.

1. Write the following system of equations as a single vector equation x-Zy=1,
x+3y -2.

2. For which values of l, is there a whole line of solution for the following equation

px+2y -1
2x+4By -/

3 o o=lt ' 3'l 
"no 

a=
L-1 1 2)

columns of A .

1l
-2 | then express AB as the linear combination of

1l

P.T.O.



4.

5.

6.

7.

8.

Give an example of a subspace of Rtover R..

Define basis of a vector space.

Find the nuttspace of the matrix 
^=l:^ ;)

l1 -1 11
Find the rank of the matrix | 2 -2 , 

l.
Lo 5 -0.5 o.5l

l't -2 1l

Find the determinant of the matrix 
| 
2 -4 ,t 

l.
L-1 2 7l

e. Find the eigen vatues or f]
Lo

71
t.

-2)

Eigen10. Write the sum of all the three values of the matrix A=

SECTION _ B

Answer any eight questions. Each question carries 2 marks.

11. What multiple /r, of equation 1 should be subtracted from equation 2.

2x+3y -1
10x+9y -il
After this elimination step, write down the upper triangular system and circle the
two pivots.

t1 -1 1'l

l', 2 ol

[. 13]

(10x1=10Marks)
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12.

13.

l-r o

Let r=lo t

[oo

lfAisaTx9

ol
I

O l, tnen find Er1 with t =4 .

rl

matrix with a two-dimensional null space, what is the rank of A ?

lz -4 t1
14. Define Non Singular matrix and verify whether e=l f 3 -7 | 

,, non singutar

L-1 2 -2)
or not?

15. Lel v,,,vr,....,v, are linearly independent vectors in a vector space V, What is

the dimension of the span of these vectors? lf we add a vector v,*.,whete vn*,

is a linearcombination of v,,vr,....,v,, then whatthe change in the dimension of

the span ofthese (n+1) vectors

16. Write down the 2 by 2 matrices A and B that have entries af =i - j and br=ia i
multiply them to find, AB anO IAB .

17. Checkwhetherthe set tt/ -{(x,y\e R'?; 2x+y=61

18. Check whether the columns of the matrix

independent or not?

are linearly

Using Crammers Rule solve 2x, + x, -3, xt-4xz --3 .

Draw the triangle with vertices A-(1,1),8-(2,2), and C=(0,2). Find its area.

is a subspace of

12 4 3l
a=lt 2 1l

[-, -2 -r]

Rzor not?

19.

20.
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21. Find the Eigen values of the matrix A and 42 rt A=12. -4.l
L-1 2l

22. Give examples of A and B such that A+B is invertible although A and B are
not invertible.

(8x2=16Marks)
SECTION - C

Answer any six questions. Each question carries 4 marks.

23. Test the consistency and solve :

x-2y +z -0;2y -82-8;-4x+5y +92 --9

24. Row reduce the matrix A below to echelon form, and locate the pivot columns of

0 -3-6 4 I
-1 -2-1 31
-2 -3 0 3 -1
1 4 5 -9-7

A=

25.

26.

Find L and U such that LU=A: wfrere l=[ ' 
u].

L-1 1.1

l-2 2 -31
Find the Eigen values of the matrix | 2 1 -6 l.

[-r -z o]

Consider the Linear transformation f : R'+ R'? defined by f(x,y)=(3y,2x). Let

S be the unit circle in R' given by S={(x, y): +x2 +y2 =1}. Describe the set f(S).

v - 't688

27.



28.

29.

Show that S = {(1,2,1), (1,1,0),(1,0,0) form a basis of R3.

Use the Gauss-Jordan Method to find A-1 if

lz 1 1l
e=l q -6 ol.tt

l-2 7 2)

lf ). is aEigen value of a invertible matrix A, then prove tnat ] ls a Eigen value

of A-1 .

31 . Prove that the Eigen values of a real symmetric matrix are real numbers

sECTroN - D 
(6 x4=24 Marks)

Answer any two questions. Each question carries 't5 marks.

32. (a) Prove that if A and I are invertible matrices, then (AB)-1 -g-1 4-t

tt 2) 
d B=12- 1l ,n"n verify (AB)-1 =B-1 A'1(b) r e=lz .,1 ,, L_i 1.1

33. (a) Given u and v in a vector space V. Show that Span(u, v) is a subspace

of V.

(b) Let H be the set of all vectors the form (a-3b,b-a,a,b) where a and b

are arbitrary scalars. Show that H is a subspace of R'.

30.

v - 1688



34. (a)

(b)

Solve the system x2+5x, -4, xr+4xz+3x, --2,2r,*7 xr+ x, --2.

Do the three planes 2x,+4xr+4xr-4, xz-2xs--2,2\+3xz-0 have

atleast one common point of intersection? Explain.

11 611
35. Diagonalize tne matrix | 1 2 ol.

L.o3]
(2 x 15 = 30 Marks)



Reg. No.

Name:

Time :3 Hours

SECTION - I

Answer all questions. They carry 1 mark.

1. Find f,{sin2t}.

2. Write the Linearity property of Laplace Transform.

3. Using C{r(t)} ano X{r'(t)}, write the formuta for f(o).

4. Define Unit step function u(t - a).

-, I r I5. Find f, 'l---r-l
l.(" - z)'J

6. Find the period of f (x) = sin 4x .

7. Define Odd Function with an example.

(Pages : 4)
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8. Write the Fourier lntegral representation of a continuous function f(x).

9. Write the Fourier cosine transform of e-"',a > 0.

10. Define Fourier transform of a function f (x) .

sECTroN-, 
(10x1= 1o Marks)

Answer any eight questions. These question carries 2 marks each.

11. Using the definition, find Laplace transform of e"r.

12. FinO f,{t'? + 3cos2f + eat}.

13. State first shifting formula on Laplace transform, hence find L{",t}

-( . I
14. Fino f,-'l---l- |

Is(s-1)'J

1s. r lC f(f)]=r(s) tren nno / {r'(r)}, wnere f(fl=ff and verify the same with

f(t)=5;P1.

Using the concept of Laplace transform finO je-3,tsinf dt.
0

Find the Laplace transform of Unit step function u(t - a).

Find the Fourier coefficient b, of the function fk) =10 
if - n < x <O 

.It o<x<n

Find the Fourier transform ot r(x)= {e ' '' ' 0,, , o .

|.0, x<0'

16.

17.

18.

19.

v- 1689



20.

21.

State and prove Linearity property of Fourier transform.

Find Fourier cosine transform of f(A={k' o < x <a 
.

[0, x>0

Show that € f'(r))= -r€ ff(r)|

SECTION _ III

Answer any six questions. These question carries 4 marks each.

23. rino f {sin3 zt}.

24. Find the Laplace transform of " "' --." 
o'

t

25.

26.

27.

28.

29.

30.

Using convotution property n.o C-'{- " }., 
|.(r, * r), J

Define Dirac's Delta function and find its Laplace transform.

Find r-'l,n "' l'' I.
["')

Representfunction f(x)=lxl:-n< x<7t as a Fourier series.

Find the Fourier Transform of f(x)= 1 if lxl<l and f(x)= O otherwise.

I 2!, ir o<x<L
Find half range Fourier sine of t(r)= 

lUlr_ *\ it L _ .. _:
[t' l2<x<L

lt if lxl <1
31. Find Fourier integral representation of function of f(x)= I - .- I l

[0 it lxl>1

22.

(8x2=16Marks)

(6x4=24Marks)
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SECTION - IV

Answer any two questions. These question carries t5 marks each.

32. (a) Using Laplace transform, solve the differential equation y" + 4y = 4x . Give
the initial conditions y(0)= 1 and y'(O)= 5.

(b) Using convolution property of Laplace transform solve the integral equation
\

yQ)= x' + Jsin(x - t)v(t)ot .

0

33. (a) Deduce a formula to calculate the Laplace transform of the nl' derivative
f'(t) oI a function f(t).

(b) Using Laplace Transform Solve the system of differential equations
yi + y, = 4y, and 3y. - y', -- 2y, giuen y,, (o) = s, y, (o) = + .

i4. Find the Fourier series of 2-periodic function r(r)={1 t:r lsxt] H"r."
[x for 1< x <2

deduce that

:1n?(a) 41r;-ry=v

(b) 1(-1)'.'-4.a 2n-1 4

35. Using Fourier integral representation, show that
E@ lr t E

- cos l;cos x ;lxl s -l-Jcosaxda=1? " 2

t 1- r,t' I O )xl>L|'"2
(2 x 15 = 30 Marks)
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SECTION _ I

Answer all questions. They carry 1 mark each.

1. Define simple graph.

2. Draw the complete bipartite graph K2,2

The complete graph K5 is regular.

Define a connected graph.

State Whitney's theorem.

A graph is called Eulerian if

Give an example of a non planar graph.

What is a Hamiltonian cycle?

Find the number of faces of K3 .

A connected graph G is Euler if and only if the

v - 1690

Max. Marks:80

degree of every vertex is

(Pages :4)
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3.

4.

5.

6.

7.

8.

9.

10.

(10x1=10Marks)

P.T.O.



14.

15.

SECTION - II

Answer any eight questions. These questions carry 2 marks each.

'11. Prove that in any graph G, there is an even number of odd vertices.

[1 211
12. Draw a graph G with adjacency matrix A = 12 0 0 

I

[roo]
13. Prove that any tree f with at least two vertices has more than one vertex

degree one.

Define graph isomorphism and give an example of two isomorphic graphs.

Consider the following graph G.

Draw G-k and G-b.

16. Define cycle in a graph and draw C5.

'17. Check whether the complete graph K3 is Euler or not.

18. State Chinese Postman theorem.

19. Define bridge of a graph and find the number of components of a connected
graph.

20. State Kuratowski's theorem.

21. Prove that if G is a simple planar graph, then G has a vertex y with d(v) < 5.

22. Explain Platonic bodies.

(8x2=16Marks)
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SECTION - III

Answer any six questions. These questions carry 4 marks each.

23. Suppose that we have three houses each of which have to be supplied with
electricity, gas and water. ls it possible to connect each utility with each of the
three houses without the lines or mains crossing?

24. Define complete graph and draw complete graph with six vertices.

25. Find the number of walks of length 2 from vertex a to vertex c in the following
graph:

c

Prove that for an acyclic graph with n vertices and k connected components,
there are n-k edges.

Explain Konigsberg bridge problem and represent the problem by a graph.

Prove that for a simple graph G with atleast three vertices, if the closure is
complete, then G is Hamiltonian.

29. Show that K5 is non-planar.

30. Draw an example of a simple plane graph in which degree of every vertex is at
least 3.

31. Find the number of vertices of a plane graph with 5 edges and 2 faces and draw
the graph.

(6x4=24Marks)

26.

27.

28.
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SECTION - IV

Answer any two questions. These questions carry 15 marks each.

32. Prove that a nonempty graph with atleast two vertices is bipartite if and only if it
has no odd cycles.

33. Prove that if a simple graph with atleast three vertices is 2-connected if and only
if for each pair of distinct vertices u and v of G, there are two internally disjoint
u-v paths in G.

34. Prove that if G is a simple graph with atleast three vertices and the degree of
every vertex is greater than or equal to nl2,lhen G is Hamiltonian.

35. State and prove Euler's formula.

(2 x 15 = 30 Marks)
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