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FIFTH SEMESTER (CUCBCSS—UG) DEGREE EXAMINATION

NOVEMBER 2023

Mathematics

MAT 5B 07—BASIC MATHEMATICAL ANALYSIS

(2018 Admissions)

Time : Three Hours Maximum : 120 Marks

Part A

Answer all the twelve question.

Each question carries 1 mark.

1. State Demorgan’s law for three sets.

2. Give an example of a denumerable set.

3. Determine the set A of all real numbers x such that 2 3 6.x + ≤

4. State completness property of R.

5.
1

If S = 1 : , find sup S.n
n

 − ∈ 
 

ℕ

6. Define supremum of a set.

7. Give an example of a monotone sequence.

8. State Bolzano Weierstrass theorem for sequences.

9. Define contractive sequence.

10. Find ( )22 .i+

11. State de Moiver’s formula.

12. Define connected set.

(12 × 1 = 12 marks)

418503

418503

1105

1105

1105
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Part B

Answer any ten questions.

Each question carries 4 marks.

13. Let f and g be two functions on R  to R defined by ( ) ( ) 22 and 3 1.f x x g x x= = −

Find and .f g g fo o

14. Prove that ( )1
1 2 ... 1 .

2
n n n+ + + = +

15. State and prove Cantor’s theorem.

16. State and prove Bernoulli’s inequality.

17. If , ,a b∈ℝ  prove that and .a b a b a b a b+ ≤ + − ≤ −

18. Let S be a non-empty subset of R that is bounded above and let a be any number in R. Then show

that ( )sup S sup S.a a+ = +

19. State and prove Archimedean property.

20. State density theorem. Let x and y be two real numbers with .x y<  Prove that there exists an

irrational number z such that .x z y< <

21. Use the definition of the limit of a sequence to establish that 
3 2

lim 3.
1n

n

n→∞

+
=

+

22. Prove that every convergent sequence is bounded. Is the converse true ? Justify.

23. State squeeze theorem and use this theorem to show that 
sin

lim 0.
n

n

n→∞
=

24. Prove that the multiplication of complex numbers is commutative.

25. Compute ( ) ( ) ( )
5

.
1 2 3

i

i i i− − −

26. Sktech the set of all points determined by 3.z i+ ≤

(10 × 4 = 40 marks)

418503

418503

1105

1105

1105
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Part C

Answer any six questions.

Each question carries 7 marks.

27. Prove that the following statements are equivalent :

(i) S is a countable set.

(ii) There exists a surjection from N onto S.

(iii) There exists an injection from S into N.

28. Let a and b be positive real numbers. Prove that 
2

a b
ab

+
≤  and the equality occures if and only

if .a b=

29. Prove that there exists a positive real number x such that 2 2.x =

30. Let S be a subset of R that contains at least two points. Suppose S has the property that if

[ ], S and , then , S,x y x y x y∈ < ⊆  then prove that S is an interval.

31. ( ) ( )Let X = and Y =n nx y  be sequences of real numbers that converge to x and y respectively.

Then prove that the sequence XY couverges to xy.

32. State Monotone convergence theorem. ( )1 1
1

Let 1, 2 3 for 1.
4

n ny y y n+= = + ≥  Prove that

3
lim .

2
ny =

33. State and prove characterization of closed subsets of R in terms of sequences.

34. Define Cantor set. Prove that the length of the Cantor set is zero.

35. Find the roots of – 8i.

(6 × 7 = 42 marks)

418503

418503

1105
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Part D

Answer any two questions.

Each question carries 13 marks.

36. (i) State and prove nested interval property.

(ii) Using nested interval property, prove that R is uncountable.

37. (i) State an prove Cauchy convergence criterion for sequences.

(ii) ( )Let Y = ny  be the sequence of real numbers given by

( ) 1

1 2

11 1 1 1 1
, ,......, ... ,.....

1 ! 1 ! 2 ! 1 ! 2 ! !

n

ny y y
n

+−
= = − = − + +  Prove that Y converges.

38. (i) ( ) ( ) ( ) 0 0 0 0 0 0Let , , , and .f z u x y iv x y z x iy w u iv= + = + = +  The  prove that

( )
0

0lim if and only if
z z

f z w
→

=  ( ) ( )
( )

( ) ( )
( )

0 0 0 0

0 0
, , , ,

lim , and lim , .
x y x y x y x y

u x y u v x y v
→ →

= =

(ii)

3

2

2 1
Find lim .

1z

z

z→∞

−

+

(2 × 13 = 26 marks)
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FIFTH SEMESTER (CUCBCSS—UG) DEGREE EXAMINATION

NOVEMBER 2022

Mathematics

MAT 5B 07—BASIC MATHEMATICAL ANALYSIS

(2017—2018 Admissions)

Time : Three Hours Maximum : 120 Marks

Part A

Answer all the twelve questions.

Each question carries 1 mark.

1. Fill in the blanks : Infimum of the set { }S = 1 / 3 – 1 / 4 ; , Nm n m n∈  is ..........

2. The Set of all real numbers which satisfy the inequality – 1 – 3x x< is ..........

3. The Supremum property of R states that ..........

4. State Bernoulli’s Inequality.

5. State Cantor’s theorem .

6. Give an example of a bounded real sequence which is not monotone.

7. State the Characterization theorem of open sets.

8. Fill in the blanks : 
sin

lim
n

n

 
= 

 
————.

9. If b > 0, then 
1

lim
1 nb

 
= 

+ 
————.

10. Define contractive sequence.

11. Fill in the blanks : Arg (– 2π) = ————.

12. The value of (1 + i)24 is ————.

(12 × 1 = 12 marks)

255645

255645
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Part B

Answer any ten questions.

Each question carries 4 marks.

13. Define Supremum and Infimum of set . Find them for the Set 
( )– 1

S 1 – ; N .

n

n
n

  
= ∈ 
  

14. If – 1,x >  then show that ( )1 1 , N.
n

x nx n+ ≥ + ∀ ∈

15. If y > 0 , then show that there exist some N,yn ∈  such that – 1 .y yn y n≤ <

16. Show that there doesnt exist a real number r such that r2 = 5.

17. If x and y are real numbers satisfying x < y, then prove that there exist an irrational number

z such that x < z < y.

18. State the completeness property of R. Prove or disprove that the sub field Q of rational numbers

has this property .

19. Define the limit of a sequence. Using the definition of limit, prove that lim (1/n) = 0 .

20. State and prove Squeeze theorem for sequence .

21. If X = (xn) is a converging sequence of non-negative real numbers then prove that lim (xn) ≥  0 .

22. Show that every Cauchy sequence of real numbers is bounded.

23. Let X = (xn) and Y = (yn) be real sequences that converges to x and y respectively. Prove that

X + Y converges to x + y.

24. Define contractive sequence. Test whether the sequence X = (xn) defined by x1 = 2,

xn + 1 = 2 + 1/xn, Nn∈  is a contractive sequence or not.

25. Find a sequence (xn) of real numbers such that 
1lim – 0,n nx x+ = but not a Cauchy

sequence.

26. Find the ( )6Arg Z, if Z = 3 .i+

(10 × 4 = 40 marks)

255645

255645

1105

1105

1105
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Part C

Answer any six questions.

Each question carries 7 marks.

27. Show that the unit interval [0, 1] is uncountable.

28. Determine the set 
2 1

A = R : 1 .
2

x
x

x

 +
∈ < 

+ 

29. State and prove the characterization theorem of intervals.

30. State and prove the “’Ratio test ” for sequence.

31. If 0 < a < b, then test the convergence of the sequence (x′n), where 
1 1

.
n n

n n n

a b
x

a b

+ ++
=

+

32. Test the convergence of (xn) defined by 1 1 / 2 ! 1 / 3 ! ...... 1 / !nx n= + + + +

33. Prove that a subset of R is closed if and only if it contains its cluster points.

34. Find all values of ( )
1

3– 216 .i

35. Factorise x6 – 1 into linear factors.

(6 × 7 = 42 marks)

Part D

Answer any two questions.

Each question carries 13 marks.

36. (a) State and prove the “Density theorem ” of rational numbers.

(b) Discuss the convergence of the following sequences whose n’th terms are defined by :

 (i)
22

2

1
1 ;n

nx
n

 
= + 
 

 and (ii) 
log

.n

n
y

n
=

255645

255645

1105

1105

1105
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37. (a) State and prove the Cauchy convergence criterion for sequence.

(b) Discuss the convergence of X = (xn) , defined by xn = ln n.

38. (a) Define closed sets in R  show that the Intersection of an arbitrary collection of closed sets in R

is closed.

(b) Show by an example that the union of infinitely many closed sets in R need not be closed.

(2 × 13 = 26 marks)

255645

255645
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Mathemat
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Time : Three Hours

1. Fill in the blanks : Supremum of the set S = {1- lln;n e

A={reR:lr-11<

120 Marks

e,Ve>0,

of real numbers.

sets states that 

-.

(L2xL=12marks)

for t S={U2* -Lllo;m,n.N}.

t"fr = 3.

2.

3.

4.

b.

6.

7.

8.

o

10.

11.

L2.

which sa

of R.

Rto

: The

's iueq

(ou") =
: Arg (- 2r) =
i The Exponential form

0<

13.

14.

15.

16.

them
ffii\frXb,*":

. Find

n

bl|.

Determine the set

The set of all real n

Fill in the blanks :

State the Tri

te

Ifo>0,
Fill in the

most one limit.

T'um over



r

L7.

18.

If x eR then prove that there exists n,

Discuss the conv

20. Define Cauchy sequence.

that

sequ

of infinitely p*y open sets in R need not be open.

=lln, if n even.

subsequence.

( cosn) ''' '"'
24. Test the convergence of the sequence .ffi,.,,r,,*+, iwffii=

+1,"t = ''::l-"r . ,,,:ii
-- -r,-- ----^L^- / t= 'lll::.:J ^---^*^;!Ui*&il. €^*;i::iil;jlilta;25. Express the comple" "yflL:t (Gn,ly l$ 

exponen{al,,form.':"

...,:i.,o,t'.,.
t:tltlijlji::::lii;,rj,rh I :ll:?4,;tiliittt::*, ir;i,;lirrttillllLli 

liiii,

26. Find the principal "d"hpi,l1*s;yi. ffi
..;;,,itttiiii,,, * WH;q'*.- fl:ill%u
iili:li,:il'LiL htttt:i:i::,:::t::ttr, . iiLiini ti#iin:r: 't ti;,,ii.L

,"t*t i%;, 
,..if', \; t,ii",," 

'

. ,,iiil. ,ii,,

I gr g. v 'it :.-
" ,+r,l:

aruy six'fiunsttiins.
l:.tl ',;i,

.:: ,i|ttl,
" tuuutiuuu:;i' 'iilti.:' 

i

j l',,i;,,' .t,

21. Show by an example that i

22. Discuss the convergence of X liidegne by xo= n,

29. Show that every bounded sequence ofreal numbers

1|t1?l,t'

Fio-ve

State

Discu

30. X=ff,randY=J,,
provethatX.Y

27,

28.

29.

ion carries V m,arks.

R ofreal n

the Ratio Test for the eonvergence of real sequencet

nvergence of the fol g sequences 1= (ro), defined bY

to r and y respectively, then

real numbers with3L.

'"' ,rffif,,an 
exa

-a,.tj) tt\4t4,L* \

" -.;:,,k 
,,:,,s.-:l'r1#

xample ,,h.8-r"p.d*lgr#iit sequence (r,) of positive real numbers witht ''.-. rr- n 
'';11!E't,.,-*

i: :;
; 1 i,"l;l ''
':::.-



32.

(c)

If X=(r,) isa
that X- con

33. Let X=(*,r) beaboundeaseifiutceofreal",rrr,u""i%'J[ rEp hasthepropertythat uevery

converging subsequen * ,f *+ffi. converges to r". Prove that X = (r, ) converges to r.

34. Prove or disprove the following';iltatiment : 22 €C.

35.
1,r .,.. 

rs(6 x7 =42 marks)
:--"iJ i':' ... ,.+.

,,,|1lt1x]iilil1l,liffi 

|

36.

37.

Show that there

)

il

=lan,bn(a

38.

;,., ' ll'llli--'t1::::::::: .tuuusf . l

t.,,,,,i;iimi|ii

;r;
-;;*il ,g1 .is ]l[ #ltu_

.=."i:, . rlllll1l. .. dr"fd .:: i. "- ;... '
4',Xrftnif"

siiiriifr
ilutlt;:,.

J'.titiiiilil:lf,i-\il

li{it,liiiit..
lii.ffiilll

ri1[#r

.;,1
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(CUCBCSS_{G)

Mathernatics ,

O?-BASIC MATH.EMATICAL

: '.. SectionA

Answer all questions.

Each question carries I marh.

"., - ".Ji.l"t

ANALYSIS

Maximum :

uffizsz

FIFTH SEMESTER

MAT 58
'- 1.!

Time : Three Hours

11.' Find Re z and lrrl zfor z=

1. Find f og fortheftinctions f ,g:R-+lR definedty f (") =2x,g(*)=3*2 -t.
.i.r i. ,.

2), Is there exists a bijection between N and a proper subset of itself ? Justify.
.!

8. State the principle of Strong Induction.

4. If oe IR satisfies ola=or Prov€thateither o.=0ortz=1.

5. Define absolute value of a real number.

(- I 'r "
6. Find sup 

i, -;: 
z e N|.

7.Provethatlim1=0.':i..',.']-...'...'.-'l
IL

8. Give an example of two divergent sequences X and Y such that their sum X + Y converges.

g. Give an example of an unbounded sequence that has a convergent subsgquence.

10. Define an open subset of R.
'.;" 1 :., :..

2+i
(t +;)(t - 2;)

Show that Re (i")=-I^".
(12xtr=12marks)

:

'I\rrn over

120 Marks'

L2.
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.ua:.2 D ei,tu,

Seetion B
' Answer at least eight questinns.

Each questinn cat:ies 6 m.atrks.

All questions can be attended.

Ouerall Ceiling 48;

13. InL f :A +Qbe a fi.rnction and let G, Hq B. Prove fiat f-1 (GnH)= /-1 (G)^ f-l (H).

14. Prove thatif c>0,thenlo lscif and only if -c<asc;a,6,celR. "'1

15. Prove that set N x N is denumerable.
,'::,,

16. Prwe that a Sequence of real numbeis can have at most one limit.

17. Prove that every eonvergent sequence of real numbers is Uounaj.'

18. Prove that the sequence (") ir divergent.

ri

[+-]=0.19. provethatlim 
\n +L)

20. Prove that every convergent sequence of real numbers is a Cairchy sequence.

21. Prove or disprove : The arbitrary intersection of open sets in q is open.

22. Show that if Gis an open set and F is a ciosed set, then OIF is an open set and FIG is a closed set.

23. Show that |," l=r.

24. Prove that zis real if and only if 2 = z.

26. Sketeh the given set irnd determine whether it is a domain : l2z +S lr 4.

26. Define accumulation point of a set. Determine the accumulation points, if any, for the set

zn = in ; n =1r2r3r....

(8x6=48marks)



ii;l:.$;s'ii 3 D 90.282

Seetlou C

Answer at l.east frve quesiions.

Eaeh'qil'estion carries 9 Wths.
Al.l questions can be attended.' ' 

Ouseial,t CBilinE 45. '

27 . Tf \n =fou;htr; n .:Df. ir u nested sequence 9f closed bounded.intervals, prove that there exists a

28. Prove that the set IR of real numbers is not countable.

;-^^ rItL^^-^*.29. State'anil pi"ove'Monbtone ConVergence Theorem:

30. State and prove Bolzano-Weierstrass Theorem.

31. Let (rr)aqd(yr)besequencesofrealnumberssuchthat xnslnVzeN. Provethat :

.i

(a) If lim (r,,) = * *, then lim (Yo) = * *'

(b) tf fim (y,) =-6i then lim (rJ - - *.

32. Let F E iR. Prove that the foll,owing are equivalent :

(a) F is a closed subset of P.

(b) If X = (*, ) is any convergent sequenee of elements in F, then lim X = r belongs to F.

33.. Prove that a subset of R is closed if and only if it contains all of its cluster points. 
:

34' Let zbea complex number' Prove that I t* ql=l+l z I irand only ifz is real'

35; Find all roots of gV6 in reetangrilar co-ordinates.

(5x9=45marks)

Turn over



re=:.

Seettoa p

Angwer o4y' one question,

Th.e, qaestibrl earfi.es 15,marks.

36. Prove that there exists a positive real numdr * subh that xz = 2.

(a) X converges tor.

Let' X'='(sr) be a qequence' of qeal humbers, aiid let

equivalent : j lI;

t i.\" j

G) For every e > 0, there eiists a.iratural number K such that for all

satisff | *o -rl<e.

satisff, x-e <xn<x+e.

there exists a natural number K.such that for all(d) For every e -neighborhood V, (*) of r,

n>Ktheterms r, belongto V"(;).

38. Prove that a subset of [R is open if and only if it is the irtiion of countably many disjoint open
intervals in IR. ::

(1 x 15 = 15 marks)

I

D}trh&

r e lR, P,qpve that the following are

t7l.K the terms r,

(cl,, Fol eyely e >p, there exiBts'a natural number K sgq$.that for all,n3K thb termsr,,
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FIFTH SEMESTEB B.Sc. DEGREE DilMINATION, NO\IEMBER 2019

(CUCBCSS_UG)

MAT 5B O7_B^,,}ffi"#T,L,,.o, ANALYSIS

Time : Three Hours Maximum : 120 Marks

Part A
Answer all the twelve gzestians.

Each question carries L rnark.

1. Fill in the blanks : Infimum of the S=tll*-L/n;*,ne N) is

2. The Set of all real numbers which satifr the inequalfty lxz -tl= t is

3. ['ill in the blanks : The e neighborhood of a e R is
4. State the Infimum Property of R.

5. State Bernoulli's Inequality.
6. Fill in the blanks : If X is a converging se,quence of non-negative real numbers, then

limX= _.
7. Fill in the blanks : The intersectjon of infinitely many open sets in R is
8. State the Density Theorem.

9. State the Monotone Sub-sequence Theorem.

10. Give an example of a bounded real sequence which is not a Cauchy sequence.

11. Fill in the blanks : The Polar form of f +lJd = 

-.
(I2xL=12marks)

Part B

Answer any ter- questions.
Each question carries 4'marks.

13. Defire supremum and Infimum.of,set. Find them for the set s = {r- 
(-')",r. 

N}.
I n. 

)

L4. Prove that the set N of-positive integers is not bounded above.

Turn over
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15. Ifa is a real.number such that O S aSe for every e >0, then prove thato = 0 .

16. Show that there does not exist a rational number r such that P = 5 .

L7. State and prove Squeeze theorem on sequence.

18. If S = {Lln;re N}, then prove that Infimum of S = 0 .

19. If X and Y are convergent sequences of real numbers satisfying (*r)=(yo),vreN,then pnove

that lim(*,1< tim(r,),Vn e N.

20. Prove that every bounded sequence ofreal numbers has a converging sub-sequence.

2L. Define Cauchy sequence. Show that ({z) is a Cauchy sequence.

22. Prove that every converging sequence is a Cauchy sequence.

28, Prove 0r disprove that "the union of infinitely many closed sets in R is closed ".

24. Let S and T be bounded non-empty subsets of real numbers such that S c T. Prove that
InfT<InfSSSupS<SupS.

/- \ 1''

zb. Test the conversence of the sequence (Y)

I
26. Find atl values of (-Zli)t

(10x4=40marks)
'Part C

Answer any six questinns.
Each question carries 7 marks.

27. State and prove Characterization theorem of Intervals.

28. Prove that [0, 1] is uncountable..

29. State and prove the "Betweeness Propert/ of Irrational numbers.

30. Determine the set o = 
{* 

.n2i,#.r}.
':

31. Let X = (rr) be a non-negative sequence of real numbers with lim(rr)=r. Prove that

tim(.,E;)=*.
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,1
82. (a) Give an exagple of a convetgentsequence (ro) of positive real numbers with 5-1rr)i = r.

,1
(b) Give an example of a divergent sequense (ro) of pgsitive real numbers with lim(rr); = f.

..
I

(c) Jpstiff the property of the sequence (*r) of positive real numbers with lim(*o)a =.f.

83. Test whether the (*;) defined by ro = L + ll2 + ll8 +-..... + Uri is Cauchy seque+ce or not,

84. Frove that every contractive sequence is a Cauchy sequence,

85. 'Give an algebraic proof fon the triangle inequality of complex numbers,-r---- ----- ---'

l@, * "r\, l@y*\1,r)l,v 21, z2 e c.

(6x7=42marks)

'T' ,.An*wer anAt tiia q*stions.
Eachqucstion corris LB marks.

86. If I,z = fao,bnl,neN is a nested sequenee of closed and bounded int€wals, then pmve that there

exist a cpmmon point in every Io.

g7. State and prove the monotone convergenoe theorem of sequence

(b) Define ocluster point'of a set. Prove that a subsgt of R is closed in R if and only if it contains

all of it's cluster points.

(2 x L8= 26 marks)

I



D 50601

\

(Pages: 3)

FIFTH SEMESTER B.Sc. DEGREE EXA}IINATION,
(CUCBCSS_UG)

58 OTJBASIC MATHEMATICAL ANALYSIS
Time : Three Hours Maximurh: 120 Marks.

part A
:.

Answer all the twelue questioits.
Each question carri,es L mark.

1. Fillintheblanks : Supremumofthe setS = {L/rn-lln;rn,n eN} is .

2. Determine the set A = {r e R:l2x +r!.r}.

3. The Set of all real numbers which satify the inequatity 0 1d 1e,V e > 0, then a = 

-.
4. FilI in the blanks : The Supronum property of R states that 

-.
5. State the Trichotomy Property of R.

6. Give the condition for a subset of R to be an Interval of R.

7. State the general Arithmetic-Geometric mean Inequality of real numbers .

8. Fill in the blanks : The Charact6rization Thebrem of Open sets states that

9. State the Archimedian Property of positive Integers.

11.StatetheBolzano-WeierstrassTheorbmonSequence.

L2. Fill in the blanks : The Exponential form of - l -i =

part B
' Answer any ted questions.

Each question carries 4 mnrks.

State and prove Bernoulli's trnequality of Real numbers.

S-how that there doesnot exist a rational number r such that r2 - 2.

15. rf a,b e R,thenprovethat ll "l-lbllslo-611.

IVIAT

13.

14.

Turn over
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31. (a) Give an example of a convergent sequence (r,r) of positive real numbers with lim tfl = 1.

(b) Give an example of a dververgent sequence k/ of positive real numbers with lim t*l - 1.

(c) Give your comments about the property of the sequence (rr) of positive real numbers with

(* \| &z+1 l. -lrml-l=1-
\x" )

32. IfX= (x)isarealsequenceand4, = (n**n:zeN) isthe m-tarlofX;m e N,thenshoythatX-
converges to r if and only ifX converges to *.

33. Find a sequence (x) of rcal numbers such that hm l* n+r- fi, I = 0, but not a Cauchy sequence.

i
Ba. b) Find the ArgZ,if Z = _*O

(b) Express the complex number (1F) 7 in Rectangular fgrm.

35. Discuss the convexgence of the following sequences whose z'th terms are defined by

(a)r, = (t.#) Zn', and'(b)v, =Y
(6x7=42rnarks)

Part D

Answer any two questi4ns.

36. State and prove ttre Cauchy convergence criterion for sequence.

g7. (a) Show that the unit interval [o,1] is uncountable.

(b) State and prove the Ratio Test for the convergence, of real sequence.

38. (a) ' Define closed sets in R. Show that the hitersection of an arbitrary oollection of closed sets
in R is closed.

(b) Show by an example that the union of infinitely many closed setsin R need not be closed.

(2 x 13 = 26 marks)
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Section Avgvulvu A

Answer all tlu twelve qtrcstiora,

Each qucstion carrics L mark.

1. Define a denumerable set.

2. State trichotomy law of real numbers ?

3. State triangle inequality for real numbers.

4. f.ind all * satisfying | " - 
S I = | " - 

S l.

5. stat€ the Archimedian propefty of the set of natural numbers.

6. Write the condition for a nested sequence of real numbers to have a unique courmon point.

7. state the ration test for the convergence of a real sequence

8. Explicitly state monotone subsequence theorem.

9. writ€ the statement of Bolzano-weienstrass theorem for a sequence.

I0. Define Cauchy sequence.

11. FindArg(a) if z=*

12. Express (J5 - i)' in tt 
" 

exponential form.

(12 x 1= 12 marks)

Turn over



13.

L4.

15.

16.

L7.

2

Seciion B

Answer any tnn efi of f6giE*een'questiotas'

Each questi,bn carrics 4 mark*

Prove that the collection of all finite subsets of N is countable.

If o>0'and b>0, prove thato < b if andonlyif Ji 'J6'
Sate and prove densitY theorem.

Ify > 0 prove that there is an z, in N such that tut -131. <nr.

=I,-( ,t)',r.x}.18. Define the supremum and the infimuuiof a set S. Find them for the set S t n It)

19. Prove that there is no rational number whose square is two.
) :l

ZO. prove that there is at most one'liinit for the sequence of rpal iiirmbers- '

2t. For d < b < 1 sliiiiw that lirn bn =0.

22. prove that every Qauchy sequence of reatr ntimbeis is'bounded.

IverseRce of the sequence *- =(r* 1']" , z in 5-23. Discuss the convergence of the seq -.n \ n)

Prove the triangle inequality for the complex numbers algebraically.

Find all values of (-U)i

26. Find the rectangular form of (€ -;)u and the principal value of the amplitude.

24.

25.

(10x4=40marks)
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Section C

Answer azy six out of nirre questions.

Each question carries 7 marks.

27. Show that the set of real numbers is uncountable.

28. Prove that there is no rational number r whose square is 3.

29. Sate and prove Cantor's theorem.

30. State and prove the characterization theorem forintervals.

31. Define contractive sequence and show that every contractive sequence is a Cauchy sequence.

g2. Establish that every monotone sequence is convergent if and only if it is bounded.

33. Discuss the convergence of the following (ro) where :

t - t2n2. I I.l slnn(i) ,"=[r*Z) ,(ii)r"= o.
34. Show that a real sequence is convergent if and only if it is Cauchy.

35. Find the square roots of - JA + 1 and express them in rectangular form.
,

(6xZ=42marks)

Section D

Answer any two out of three questions

Each question caties LB m.arks.

36. (a) Show the existence of a positive real number in detail whose square is 2.

(b) Show that between any hro-real numbers there is an iriational number.

37. (a) Prove that every bounded sequence of real numb6rs has a converging subsequence.

(b) Show thdt a monotone sequence of real numbers is properly divergence if and only if it is
unbounded

38. (a) If lim (xn)=randlim(yr)=zbesequencesof non-zerorealsthatconvergetorand y*0

respectively. Prove that lim [A]= O.
lv") v

/ r\z -(b)Discusstheconvergenceof(i)*^=ffiand(ii),^=ffiwhere0<a<b.

(Z x 13 = 26 marks)
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pe questions. Answer all twelue questions :I. Objective ty1

Mar,rmum : 80 Weightage

1 L€t f (x)=*.,forallreA={ceR :x*1\,thenrangeof fis

2 Using algebraic properties ofR, prove lhat a+b =0 + b = - a.

3 Find the supremum of S = 
{t +'''*}.

4 State nested intervals property.

5 Give an example of a eonvergent sequence (r, ) of positive numbers with lim r),t n - ! :

6 Show tfrat {2"}cannot converge.

7 Define a Cauchy sequence.

I Stat€ Tlue or False :

"If {ro} converges to l, then every subsequence qf {rr} also converges to I".

9 Give an example of an open set in R.

10 State Tlue or False :

"Arbitr4ry union of closed sets in R is closed".

Prove that Im (ir)=R*4 wherez is a complex number.

Prove that 1 + 2's is closer to the origtn then 3 + 41.

(12x Y4 = 3 weightage)

11

L2

Turn over
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II. . Very short answer questions. Answer all nincquestions , .-
13 Suppose S and:T are sets such that T g S then prove that If S is finite then T is finite.

L4 Given f =x2+L and g=J*-t find f .g and g.f .

15 ff r andy are reals with fr 1!, then prove that if an irrational number of such that
. fr<z<ct.

16 Give examples to show that supremum and infimum may not belong to the set.

17 Find the supremum and Infimum of the set S where S = {, :3x2 -LOx+3 <0}.

18 Using the definition of limit, show that fi^(3**=2)= r.
\ *+1 /

Lg If X = (r") is a convergent sequence ofreals and if r, ) O for all n, then prove that :

r=lim(ro)>0.

20 Establish the proper divergence 
"f 

(6).

2L Find the least positive integer (non=z,ero) in such t*, (+-)n =L.\r-r,,,

(9x l=gweightage)
ilI. Short answer questions. Answer any fiue questions : .

28 lf a,b e R, prove that :

ll"l-lallsla-bl. ,

24 Let S be a non-empffbounded set in Band o > 0 and rS={os ;seS}, prove that : .

suP (oS) = o'suP S.

25 Prove that a sequence of real numbers is convergent iffit is a Cauchy seguence.

26 Prove that the intersection ofarbitrary collection ofclosed sets is closed.

27 Prove that I zr+zz l=l ,r l*l rrl.

, 28 Locate the points in the complex plane for which I " -tl' +l z +ll' = 4

(bxZ=l0weightage)

f-



I

U
:

29. (a) Show that the set of all real numbers between 0 and 1 is uncountable.- - _- 
, 
__.--: -

30. Show that a monotonic sequence of real numbers is convergent iffit is bounded.

(D-) Find the,value of .,ffi .

(2xA=Sweightage)'
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Answer a\lthc twelve questians.
Each questian carries I mark.

1. Define a countable set.

' 2. What do you mean by trichotomy law of real numbers ?

3. State Bernoulli's inequality.

4. Find allr satisfring | " -1 l.l " l.

5. state the completeness property of the set of real numbers.

6. What are the conditions for a subset of real numbers to be an intenral ?

7. rro>onnd*[#l
\t+no)

8. State Squeeze theorem for limit of sequences.

9. Give the divergence criteria for a sequence of real numbers.

10. Find M(r) if z =- 1- i.

11. Define contractive sequenoe.

12. Find the exponential fom of (.6 -;f .

Sectlon B

At*wer any leaout of fovrteenqucstiorc.

18. Verify that the set of all integers 7 is denumerable.

L4. lf a>0 and b>Q provethata<6ifandonlyif a, <br.-

15. State and prove arithmetic-geometric mean inequality.

Maximum: 120 Marks

(12 x 1= 12 marhs)

Turn over
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2

16. Define infimum of a set. If S = {Lro. N}, p"ore that inf (S) = 0.
[z ).')

1

17, If , > 0 prove that there is an n, in N such that 0 I ). q1.
a

!

18. State ahd prove the betrnreenness property of irrational numbers.

19. Determine the setA ofall* satisffing lX *3 l. 7.

20. Test the convergence of the sequence (r,) if r, =Y.

n l/ies

21: Define Cauchy sequence. Find a sequence (r") which is not Cauehy such that hm [ 
*, - *o*1 

| = 0.

22. Prove that every convergent sequence ofreal numbers is a Cauchy sequence.

28. Show that subsequenc.eof a converging real sequence always conver.Eie to the same limit.

24. State and prove Bolzano-Weierstrass theorem

I
26. Find all values ot (-27 i)i.

26. Provethat | 4,-zzl=fia l-1",ll forall zr,zreC.

(10 x4=4$uarLs)

Section C

Answer on! six out of nins qwstiola'
Eoch question canics 7 nurhs.

' 27. Show that the unit intervd [0,1] is uncountable.

28. Prove that there is a real* whose square is 2.

29. If A is any set, prove that there is no surjection ofA on to the set .P(A) of all subsets ofA. Ileduce

that lrorver set of nahrral numbers is uncountable.

. 30. If Io = la,,bnl,ne N is a nested sequepce of closed and bounded intenrals, provp that there is a

real number wJrich lies il Io for all a.

31. Sate and prove monotone oonvergence thdorem for a sequence.

82. Show that every contractive sequenoe is convergent



"r

ii-
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Itr".*r ;8, D1116g

) (i) r" = (, . *)" ; (ii) r, = ?^*.
33. Discirss the convergence of the foltowing (r,) where

84. State Cauch5/s convergenoe c'riterion. Use it to test the convergence of , = $ 1
- in - 

'L-;'

35. Find the square noots of J5 r- d and ef,pness them in rectangular fom.

t Section D

Atawer ony tvo out of thre qtrzstioru..

- Each qwstion caffics LB marb.
36.: (a) stat€ and prurre trre eharacterization theorem for intenrals. 

'

(b) Show that betrreen any two real numbers there is a rational number.
S?. (A) State and pruve the ratio test for the convergence of real sequences.

(b) If a > 0 construct a sequenoe of real numbers which will converge to the square rcot ofc.

s8. (a) I€t X=(r") and Y=(y,) berealsequenoesthatconvergetorandyr"rp"*irar.provethe
folkiping: l

(i) li-(r, +%)= r+y.

(ii) fi.(*" - y") = r' y.

(iii) lim(r"Y,)=rp,.

(iv) Ii*(o")=cr,c€lR.

(b) . Discuss the convergence of #.
(2 x 18 = 26 marks)
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I. Objective type questions : Answ er all twelue questions :
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Maximum : 30 Weightage

3

1 Let f (x)=-!', fo" reA={reR ;x*-1}. Then range offis

Using algebraic properties of R, prove a.b =6.+ o = 1.

State completeness property of R.

4 Write the supremum of S = fi.,r. N).

5 Give an example of a convergent sequence (rrr) of positive numbers with lim " 
+ 1 

= l."xn

6 Give an example of a Cauchy sequence.

7 State True or False. "Every bounded sequence is convergent,.

8 If (rr) and (yr) are two sequences, such that ro 1 loand lim rn = x; lim yn = y. what is the
relationbetween xand,y? t

Give an example of a monotortic sequence.

State T?ue or False. "Every open interval in an open set,.

I
10

:,

11 Prove that zZ =lrl, .

12 write the multiplicative inverse of the non-zero complex number z = x + iy.

( L2 x ye= B weightage)

I\rrn over



II. Vbry ihori answoqo",tio"s' Answer all nine questions :

e -^f : - :-:^^+:-.^ +l^-

,.rr. 
ilar /,i+t"r,",,,n,.rc b9.llnctions' Show$rat if gofjsilg1ectiw$S'rg$iq'iaiqtive'

L4 Use mathematical induction to prove that re +:5n is divisible by 6'

l

,

/

6 "S 
q T s R, where S * g,,,thep.'how that if T is bounded above,{re1 Sup s <silpil

'18 uA sequence in B gan have atmost one limrt'LPrm,
..-'::,r :r 

'l

r1\
19 Using definition oflimit, prove that tim 

[f,J 
= u'

Prove that a Cauchy sequence in bounded,'.,- . '-

;'
Find arg of z where z = pf,;:.\2)

ilI. Short answer questions. Answer an,y fiue questiorss'r:':'

.lz St t"andproveBefiqulli's.lneq$ality' r "r':. "

' , -:

Let A and B be bounded non-emffi suhqetq'qf B and -A+ B, =.(*+h1i*eSu 
reB)'i Pibve that

t

Sup(A+B)=SupA+Sup,p,.,:i:i, rri,,:; irr'..:,r:,i'i '1'11111 
":';'r-'! " r'::':i'?.ri ::i ''i :r'i'r: )i-i ii'

n, State and Prove SqueeTe theorem'?U eu4uv E.F l,--.-:a:- 
,,j , , ,._, ,,.j,: ::ri.;i i

26 Ifa sequence x = (*r) ofreal numbers converges to a real number r, then prove that any

20

2l

,vdg,

24

(9x1=gweightage)

subsequeoce Xi =.g.rn) also eorrvexges to r' '



I

@,0 d
27 Show that z is either real or purely iilsirraty ifr 1272 = ,2.

D@7

(2x4=Sweightage)

,+
il

28to1atethepointsjntheea@lexplanef6iwhich|z..t|=l,*4.:

(Ex2=!0weigh.tage)

w. Essay questions. Answer any two questions :

-. :... . .i. ,i
(ii)- $rppose s end T are sets such that T g S. Prove that z+ T is iirfinite, then S is infinite.

30 (a)' prove'thdt the urrion of arbitrary collection of open subsetq i5 B is openi r'

&) Give an example to show that the arbitrary intersection of open set is not open.

31 (a) If z1 and z, arl" r,two non-zero eomple5 numbers such that l"rl=l"rl and

,)+ar8 G;= n,thenP"o* thatzr: 
_"r.

(b) Evaluate 1trF
a-

\d'
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- Part A

Ansryer.al! questinns.a------'---

1. Define bijection.

2. Give an example of a denumerable set.

3; Give an exarnFle of a bounded below set which is not botmded above. ,

4. State nested interual property.

5. Is the sequence (n) convergent ?

6. GivE an: exampt€- -stihseqgence.

7. If (%) is an unbounded increasing sequenoe find lim rr.

8. Given an example of an open set which is not an interval

9. Define Cantor set.

10. State Cauchy convergence criterion.

11. Ifz is real show that z = Z. :

12. State de Moivres formula.

(L2xV+=Sweightage)

Part B

Answer all questians

that 1 +2+3+......+ o=@'13. By Mathematical Induction, prove that 1 +2 +3 +......' o
,o

L4. Determinetheset A={s eB"ll2r+a l<.2}.

" 15. Showthattm (f/z)=0. 
i Turn over

.\
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16. Prove that a convergent sequence of rear ndmbers is bounded.

17. Give an example of a bouuded sequence that is not a cauchy sequence.

18. Show that the set of Natural numbers is aclosed set.
.,

20. F.ind (Arga&).

. .).

21. If z, =2i, z, =; - ,, find zt * 12.

(9x 1=gweightage)

Part C

Answer any frve questians.

22. Determine the set of all real numbers * such that 2x+ B < 6.

23.Findthei4qmuqandsupremu*,,{*_*,",.rt}....:i.-.

- ,.."--:'.1i-:1.';-.,,:i:ii!i:f.4.. +i,i:'j*;'*:-;.lr Ji.:<rri :<i i+.ii 'ti+}is +'*i*;r;.iia++-n'**+tu!*ir&i 1- 
a -:r::ir::+an t;i!

24. Find lim zrl".

26. Show that a convergent sequence of real nunbers is Cauchy.

27. Sketch the set of points determined W I ,+ i l< 3. 
"

28. Prove that cos 30 = coss0 - 3 cosO sin2 0.

(5x2 = l0weightage)

rywet any two qucstions.

t 
Zg. Prove that there exists a positive real number r such that 12 = 2.

80. State and prove Bolzano Weiersirass lheorem.

. _f +.6r;31. F'ind the qponential fprm of ttre complex number -1- 4

(2x4=Eweightage)


