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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 2x + 3 <6.

4. State completness property of R.

5. IfS:{l—l:neN},ﬁndsupS.
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. Fﬁnd(z_FQ2,

11. State de Moiver’s formula.
12. Define connected set.

(12 x 1 = 12 marks)
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

418503
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Part B

Answer any ten questions.

Each question carries 4 marks.

Let f and g be two functions on R to R defined by f(x):2xandg(x):3x2—1.

Find fogandg-of.

1
Prove that 1+2+...+n:5n(n+1),

State and prove Cantor’s theorem.

State and prove Bernoulli’s inequality.
If a,b e R, prove that |a+b|£|a|+|b |and“a |—|b||§| a-b |

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 (e +S)=a+sup S.

State and prove Archimedean property.

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.

+2

. 3n
Use the definition of the limit of a sequence to establish that nh_r)noo nel

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

Iln:O.

. si
State squeeze theorem and use this theorem to show that nh_{nw "

Prove that the multiplication of complex numbers is commutative.

51
Compute (1-i)(2-i)(8-i)

Sktech the set of all points determined by | z+1 | <3.

(10 x 4 = 40 marks)
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31.

32.

33.
34.

35.
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Part C

Answer any six questions.

Each question carries 7T marks.

Prove that the following statements are equivalent :
(i) Sis acountable set.
(i1) There exists a surjection from N onto S.
(ii1)) There exists an injection from S into N.
. rr.a+b . .

Let @ and b be positive real numbers. Prove that vab < and the equality occures if and only
if a=5.
Prove that there exists a positive real number x such that x? = 2.
Let S be a subset of R that contains at least two points. Suppose S has the property that if
x,yeS and x<y,then[x, y]=S, then prove that S is an interval.
Let X =(x,)and Y =(y,) be sequences of real numbers that converge to x and y respectively.

Then prove that the sequence XY couverges to xy.

State Monotone convergence theorem. Lety, =1,y,,; :i(zyn +3)forn>1. Prove that
. 3
lim y, = 3

State and prove characterization of closed subsets of R in terms of sequences.
Define Cantor set. Prove that the length of the Cantor set is zero.
Find the roots of — 8i.

(6 x 7 =42 marks)
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(i)
37. (1)
(i)
38. ()
(ii)
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Part D

Answer any two questions.

Each question carries 13 marks.
State and prove nested interval property.
Using nested interval property, prove that R is uncountable.

State an prove Cauchy convergence criterion for sequences.

Let Y =(y, ) be the sequence of real numbers given by

»----- Prove that Y converges.

Let f (2)=u(x, )+ (x, ¥), 29 = %y + 1Yo and wy =g + ivy. The prove that

lim f (z)=uwj if and only if lim u(x,y)=uy and lim v(x, y)="vp.
2>z, (%, ) = (%, %) (%, 9) = (%0, 9)

3 _
Find lim 22 L.

25w 2241

(2 x 13 = 26 marks)



255645

D 30179 (Pages : 4) Name...oeoeeeeieeereeieeneeceenennnees

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 /8™ _1/4" ;m,ne N} iS e,

2. The Set of all real numbers which satisfy the inequality |x -1 | < | x— 3| 1S ceeeeenen

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 : lim (sm ”j -
n

9. Ifb >0, then lim 1
1+nb

10. Define contractive sequence.
11. Fill in the blanks : Arg (—2n) = —
12. The value of (1 + i)**is

(12 x 1 = 12 marks)
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20.

21.
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25.

26.
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Part B

Answer any ten questions.
Each question carries 4 marks.

—1\)*
Define Supremum and Infimum of set . Find them for the Set S = {1 - (=1 ;e N}

If x >—1, then show that (1 + x)n >1+nx,VneN.

If y > 0, then show that there exist some n, €N, such that n, —1<y<n,.

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

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

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

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

State and prove Squeeze theorem for sequence .

If X = (x,) is a converging sequence of non-negative real numbers then prove that lim (x,) > 0.
Show that every Cauchy sequence of real numbers is bounded.

Let X = (x,) and Y = (y,) be real sequences that converges to x and y respectively. Prove that
X + Y converges to x + y.

Define contractive sequence. Test whether the sequence X = (x,) defined by x; = 2,

x,,1=2+1/x, neN is a contractive sequence or not.

Find a sequence (x,) of real numbers such that Jim Xy .1 — %, | =0, but not a Cauchy

sequence.

6
Find the Arg Z, if Z = (ﬁ + i) .

(10 x 4 = 40 marks)
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28.

29.

30.

31.

32.

33.

34.

35.

36.
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Part C

Answer any six questions.

Each question carries T marks.

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

2x +1
Determine the set & = {x eR: < 1}.
x+2

State and prove the characterization theorem of intervals.

State and prove the “Ratio test ” for sequence.

+1 +bn+1

a +b"

an
If 0 < a < b, then test the convergence of the sequence (x',), where X, =
Test the convergence of (x,) defined by x, =1+1/2!+1/3!+...... +1/n!

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

1
Find all values of (- 216)s3.

Factorise x% — 1 into linear factors.
(6 x 7 =42 marks)

Part D

Answer any two questions.

Each question carries 13 marks.
(a) State and prove the “Density theorem ” of rational numbers.

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

1) 9,2 1
Q) xn=(#+~7gj2"  and (i) Y = —2.
n

Turn over
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37. (a)
(b)
38. (a)

(b)
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State and prove the Cauchy convergence criterion for sequence.
Discuss the convergence of X = (x,) , defined by x, = In n.

Define closed sets in R show that the Intersection of an arbitrary collection of closed sets in R
is closed.

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

(2 x 13 = 26 marks)



Time : Three Hours Maximum : 120 Marks

Part A

.

of real numbers.

pen sets states that .

© 0O 9o U A W

10.

A1,
12.

Arg (- 2n) = i

The Exponential form

(12 x 1 = 12 marks)

at most one limit.

Turn over



If x ¢R then prove that there exists n,

1
— il
(a) x, +n+1




(c) Give your comments about the prop

Ll
with lim | 22+l
xn

If X=(x,) is a rea
that X converge
x € R has the property that “every

converging subsequence of X converges to x”. Prove that X =(x,)converges to x. |

2] ~[25] < '(zl)lw‘

Test the convergence of (x,) defined by x,, =1+1/2+1/3

‘Prove or disprove the following statement :

L

nd bounded intervals, then prove

(2 x 13 = 26 marks) ‘
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Mathematics
MAT 5B 07—BASIC MATHEMATICAL ANALYSIS o
Three Hours - ‘ Mammum : 120 Marks
' Section A ' '
Answer all questions.

Each question carries 1 mark.

Find f o g for the functions f,g:R—>R defined by f (x)= 2x, g(x)= 3x2 - 1.

Is there exists a bijection between N and a proper subset of itself ? Justify.

. “State the principle of Strong Induction.

 If aeR satisfies a-a=a, prove that either a =0 ora=1.

Define absolute value of a real number. -

Find sup{l—l:neN}.“
, n

AN L TR
Prove that lim g 0.

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

Give an example of an unbounded sequence that has a convergent subsequence.

Define an open subset of R.
2+1
(1+){1- 2)"
Show that Re (iz)=-Imz.
(12 x 1 = 12 marks)

Turn over



13.
14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

2
Section B
Answer at least eight questions.
Each question carries 6 marks.

All questions can be attended.
Overall.Ceiling 48.

D 90232

Letv f:A - Bbe a function and let G, H < B. Prove that f~1 (GhH)=}"’1 (G)r\f'1 (H).

e

Prove that if ¢ 20, then|a |<cifand only if ~c<a<c;a,b,ceR.

Prove that set N x N is denumerable.

Prove that a sequence of real numbers can have at most one limit.

Prove that every convergeﬁt sequence of real numbers is bounded.

Prove that the sequence (n) is divergent. -

-

, . e |
Prove that lim[ 5 ]=0-
n“+1

Prove that every convergent sequence of real numbers is a Cauchy sequence.

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

Show that if G is an open set and F is a closed set, then G|F is an open set and F|G is a closed set.

Show that I e |= 1.
Prove that z is real if and only if z = z.

Sketch the given set and determine whether it is a domain : | 22+ 3 |> 4.

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

no, o
z, =i ;n=12,3,...

(8 x 6 = 48 marks) -
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28.
- 29.
30.

31.

32.

33..
34.

35.
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Section C

Answer at least five questions.

Each question carries 9 marks.

A(Z questions can be attended. '
Overall Ceiling 45.

If I, =[a,,b,];n e N"is a nested sequence of closed bounded intervals, prove that there exists a
real number & such that £ eI, foralln eN.

Prove that the set R of real numberé is not c0untable.
State and prove Mon‘otone Convergence Theorem:. -

State and prove Bolzano-Weierstrass Theorem.

Let (x,) and (y,) be sequences of real numbers such that x, <y, VneN. Provethat :

-

(a) If lim (x,%) =+ o, then lim (yn) =+ o0,
(b) If hm(yn) = - w.,.’tfhén lim (x,) = - .
Let F c R. Prove that the following are equiﬁalent -
(a) Fisa closed subset of R. |
(b) IfX-= (%) is'ariy' convergent sequence; of elements in F, t,hen Jim X = x belongs to F. -
Prove that a subset Qf R is closed if and only if it contains 'alliof its cluster points.
Le£ z be a complex number. Prave fhitt |1+ z |=1+] 2 | if and only if z is real.

Find all roots of g¥6 in rectangular co-ordinates.

bx9 = 45 marks)

Turn over
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S

Section D

Answer any one question.
The question carries 15 marks.

36. Prove that there exists a positive real niimbér x such that x2=2

37. Let X=(xn) be a sequence of real numbers,and let xeR. iP;rpve that the following are

equivalent :

(a)
(b)

(c)

(d)

Lod

- X converges to x.

FMCE W

For every £>0, there exists a natural number K such that for all n 2K the terms x,

S

satisfy | x, - x| <e. i
sl

For every >0, there exists a natural number K sueh, that for all n>K the terms x,

satisfy. x —e <x, <x +¢. )

v AdTes’

For every &-neighborhood V; (x)of x, there exists a natural mimbef K such that for all

n > K the terms x,, belong to V, (x7

38. Prove that a subset of R is open if and only if it is the ution ‘of countably many disjoint open
intervals in R. . i

(1 x 15 = 15 marks)
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FIFTH SEMESTER B.Sc. DEGREE EXAMINATION, NOVEMBER 2019
(CUCBCSS—UG)

Mathematics

MAT 5B 07—BASIC MATHEMATICAL ANALYSIS

: Three Hours Maximum : 120 Marks
' Part A
Answer all the twelve questions.

Each question carries 1 mark. -

Fill in the blanks : Infimum of the S ={1/m -1/n;m,n e N} is

The Set of all real numbers which satify the inequality lx2 = ll <3 is

Fill in the blanks : The ¢ neighborhood of a € R is

State the Infimum Property.of R.

State Bernoulli’s Inequality. ,

Fill in the blanks : If X is a converging sequence of non-negative real numbers, then
IimX = ' '

Fill in the blanks : The intersection of infinitely many open sets in R is

State the Density Theorem. V .

State the Monotone Sub-sequence Theorem.

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

Fill in the blanks : The Polar form of 1+iy/8 = ——

-2 .
‘Find the ArgZ, if Z = :
Rind the ArgZ, if Z=7

v (12 x 1 = 12 marks)
Part B

Answer any ten questions. _
Each question carries 4 marks. i .

. | : = oy
Define Supremum and Infimum of set. Find them for the Set S = {1 - (-1) ine NJ,
W ' - . n

Prove that the set N of positive infegers is not bounded above.

Turn over



15.

16.
17.

18.

- 19.

20.
21.

22.
23.

2

D 70322

If a is a real number such that 0 <q <¢ for every ¢ >0, then prove thatea =0.

Show that there does not exist a rational number r such that r2=5.

State and prove Squeeze theorem on sequence.

If S={1/n;n e N}, then prove that Infimum of S=0 .

If X and Y are convergent sequences of real numbers satisfying (x,)<(y,),Vn €N, then prove

that lim(x, ) <lim(y,),vn eN.

Prove that every bounded sequence of real numbers has a converging sub-sequence.

Define Cauchy sequence. Show that (l/n) is a Cauchy sequence.

Prove that every converging sequence is a Cauchy sequence.

Prove or 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 ScT. Prove that

25.

26.

217.
28.
29,

30.

31,

Inf T<InfS<SupS<SupS.

Test the convergence of the sequence (losn).

1
Find all values of (-27)s3.

Part C
Answer any six questions.
Each question carries T marks.
State and prove Characterization theorem of Intervals.

Prove that [0, 1] is uncountable.

State and prove the “Betweeness Property” of Irrational numbers.

Determine the set A = {x eR: sl < 1}.
: x+2

(10 x 4 = 40 marks)

Let X=(x,) be a non-negative sequence of real numbers with 'lim(kn)=x. Prove that

lim(\/x—n) =X,



32.

34.
35.

36.

37.
38.

g " D702
_ -
(a) Give an example of a convergent sequence (x, ) of positive real numbers with lim(x, ) = 1.
(b) Give an example of a divergent sequence (x,,) of positive real numbers with lim(x, )= =1.

(c) Justify the property of the sequence (x,) of positive real numbers with lim (. Jn=1.-

Prove that every contractive sequence is a Cauchy sequence.

‘Give an algebraic proof for the triangle inequality of complex numbers,

I(Zl +29 )] < l(zl)l +|(22)I,Vz1,zz eC.
| (6 x 7 = 42 marks)
v - PartD |
Answer any two questions.

'Each question carries 13 marks.

IfI, = [an,_bn ]’,n e N is a nested sequence of closed and bm_mded‘ intervals, then prove that there
exist a common point in every I,.

State and prove the monotone convergence theorem of sequence.
(a) State and prove the Ratio Test for the convergence of real sequence.

(b) Define “cluster point” of a set. Prove that a subset of R is closed in R if and only if it contains
all of it’s cluster points. :
(2 x 13 =26 marks)
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FIFTH SEMESTER B.Sc. DEGREE EXAMINATION, NOVEMBER 2018~
, (CUCBCSS—UG) v
| MAT 5B 07—BASIC MATHEMATICAL ANALYSIS
Time : Three Hours : “ Maximum :‘120_Marks.
Part A : |

Answer all the twelve questions.
Each question carries 1 mark.

1. Fillin the blanks : Supremum of the set S= {1/m -1/n;m,n e N} is ——
2. Determine the set A={xeR:|2x+3|<T7}.

3. The Set of all real numbers which satify the ineqtiality O<a<eVesO, then a = ey o

- Fill in the blanks : The Supréemum prbperty of R states that Ny
State the Trichotomy Property of R. i
Give the condition for a subset of R to be an Interval of R.‘
State the general Arithmetic-Geometric mean inequality of real numbers .

Fill in the blanks : The Charactérization Theorem of Open sets states that —-

- R o g R

State the Archimedian Property of positive Integers.
©10. Ifc> 0, then lim (cVr) = '
11. State the Bolzano-Weierstrass Theorem on Sequence .
1;2. Fill in the blanks : The ExPonential formof-1-i= e
| | (12 x 1 = 12 marks)
Part B

Answer any ten questions.
Each question carries 4 marks.

13. State and prove Bernoulli’s Inequality of Real numbers.

- 14. Show that there doesnot exist a i'ational number r such that r2 = 2.

15. Ifa,b € R, then prove that | a || b]<|a-b].

Turn over



16.
17.
18.
19.

20.

21.

22.
23.

24.

25.

26.

- 217.
-~ 28..
29.

30.

S EE | D 50601
Prove that a real sequence can have atmost one lirfﬁt.
If x € Rthen prove that»ther‘e existsn, € N such that x < n,.
State and prove the “Betweeness Property” of Irrationai numbers.

If X =(x,) is a convergent sequences of real numbers satisfying lim (x,) =%, then show that
lim (|x, )= |x] .

Prove that the set of irrational numbers is unéountable.

- Let A and B be bounded Iion-er_npty subsets of real numbers such that a < b, Vva €A b e B.

Prove that Sup A < InfB.
Discuss the conVergence of X = (x,) defined by x, = n, if n odd and x, = 1/n, if n even.

Show that every bounded sequence of real numbers has a converging sub-sequence. -

: (sinn
Test the convergence of the sequence o ‘

Define Cauchy seqlienCe test whether (1 /n) is a Cauehy seciuence or not.
Find all values of (. gj) %’,

(10 x 4 =40 marks)
Part C

 Answer any six questions.
Each question carries T marks.

State and prove the Nested Interval Pz"o'perty'.'

Define denumerable set. Show that the set Q of rational numbers is denumerable.

- If the set A, is countable for each me N, thenvprove that A = U75° A, is countable.

X =x, and Y = y, be sequences of real numbers converges to x and y respectively, then prove .
that XY converges to xy. . :



31.

32.

33.

- 34.

35.

36.
37.

38,

3 -~ . . D50601

X,

n

- . ’ X+
ta) Give an example of a convergent sequence (x,) of positive real numbers with lim ( 1) =1.

‘ xn+
(b) Give an example of a dververgent sequence (x,) of positive real numbers with lim [ . 1 J =1.

n

“(c) Give your comments about the property of the sequence (x,) of positive real numbers with

; ; xn+1 ;
lim =1.
x"

IfX = (x,) is a real sequence and X, = (x,,

+n

:n eN) is the m-tail of X ; m € N, then show that X

- converges to x if and only if X convérges to x.

Find a sequence (x,) of real numbers such that lim lx SR | =0, but not a Cauchy sequence.

(a) Fmd the Arg Z, if Z ='_2—_2—i .

(b) Express the complex number (\/3 + i) " in Rectangular form.

Discuss the.convergence of the following sequences whose n’th terms are defined by

' 1 2  logn
(a) xn= (1+?J 2n and(b)y" = ,gl n

, . (6 x 7 = 42 marks)
‘Part D :

Answer any two questigns.
. Each question carries 13 marks.

State and prove the Cauchy convergence criterion for sequence.

‘(a) Show that the unit intérval [0,1] is uncountable.

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

(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 setsin R need not be closed.

(2 x 13 = 26 marks) .
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FIFTH SEMESTER B.Sc. DEGREE EXAMINATION, NOYEMBER :
(CUCBCSS—UG) | |

Mathematics
MAT 5B 07—BASIC MATHEMATICAL ANALYSIS

Time : Three Hours ' , ‘e Maximum : 120 Marks
Section A

Answer all the twelve questions.
Each question carries 1 mark.

1. Define a denumerable set.
2. State trichotomy law of real numbers ?

3. State triangle inequality for real numbers.
4. Find all x satisfying | x -3 |=|x-5].

State the Archimedian property of the set of natural numbers.
Write the condition for a nested sequence of real numbers to have a unique common point.
State the ration test for the convergencé of a real sequence. |

Explicitly state monotone subsequence theorem.

© ® N & o

Write the statement of Bolzano-Weierstrass theorem for a sequence.

10. Define Cauchy sequence.

. T t
11. FmdArg(z)lfz—_z_zi-

Y
12. Express (J§ - l) in the exponential form.

) (12 x 1 = 12 marks)

Turn over




13.
14.
15.

16.

17.

18.

19.
20.
21,

22.
23.
24.
25.

26.

2 ‘ C 30207

N

Section B

Answer any ten out of fourteen questions.
Each question carries 4 marks.

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

Ifx > 1, prove that (1+x)" 21+nx forall neN.

If >0 and b>0, prove that a < b if and only if Ja </b.

Sate and prove density theorem.

Ify > 0 prove that there is an ny in N such that n, -1<y<n,.

. ’ s
Define the supremum and the infimum of a set S. Find them for the set S = {1 —( ) ,ne N}.
: n

Prove that there is no rational number whose square is two.
Prove that there is at most one limit for the sequence of real nhmbers.
For 0 < b < 1 show that lim 5" = 0.

Prove that every Cauchy sequence of real numbers is bounded.

Discuss the convergence of the sequence x, = (1 e -1-) S HmeNeE
' n

Prove the triangle inequality for the complex numbers algebraically. 2

Find all values of (_si)';‘ -

6 5 s itsl £ 2 : 3
Find the rectangular form of (\/§ - i) - and the principal value of the amplitude.

(10 x 4 = 40 marks)
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29.
30.
31.
32.
33.

34.

35.

36.

37.

38.

3 | C 30307
Section C

Answer any six out of nine questions.
Each question carries T marks.

Show that the set of real numbers is uncountable.

Prové fhat there is no rational number x whose square is 3.

Sate and prove Cantor’s theorem. |

State and prove the characterization theorém for intervals.

Define contractive sequence and show that every contractive sequence is a Cauchy sequence.
Establish that every monotone sequence is convergent if and only if it is bounded. |

‘Discuss the convergence of the following (x,) Wheré :

sinn -

] 1 2n?
i) x, =(l+'—2) » (i) %, =
n
Show that a real sequence is convergent if and only if it is Cauchy.

Find the square roots of — J3i +1 and express them in rectangular form. _

(6 x 7 = 42 marks)
Section D

Answer any two out of three questions.
Each question carries 13 marks.

(a) Show the existence of a positive real number in detail whose square is 2.
(b) Show that between any two real numbers there is an irrational number.
(a) Prove that every bounded sequence of real numbérs has a converging subsequence.

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

(a) Iflim (x,) = x and lim (y,) = n be sequences of non-zero reals that converge to x and y=0

respectively. Prove that lim [fi) =X
y", y

___1" n+l bn+1
( 2) f and (ii) y,,=a———i—n— where 0 < a < b.
n® + ‘

(b) Discuss the convergence of (i) x, = =
: a’ +b

(2 x 13 = 26 marks)
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I. Objective type questions. Answer all twelve queétions :
1 Let f(x) _— forallxeA {xeR x#1}, then range of fis

2 Using algebraic properties of R, prove that a+b=0=>b=-a.

3 Findthesupremumofvs={ ( 3 neN}

4 State nested intervals property.

5 Give an example of a convergent sequence (x,) of positive numbers with lim xl/m=1:

6 Show that {2n} cannot converge.

Define a Cauchy sequence.
8 State Trueor False :

“If {x,,} converges to [, then every subsequence of {x,,} also converges to I”.

9 Give an example of an open set in R.
10 State True or False :

' “Arbitrary union of closed sets in R is closed”.

11 Prove that Im (iz) =Rez, where z is a complex number.

12 Prove that 1 + 2’s is closer to the origin then 8 + 4 .

(12 X % = 3 weightage)

Turn over
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II. . Very short answer questions. Answer all nine questions : w

13

14

15
16
17

18

19

20

21

III. Short answer questions. Answer any five questions :

22
23

24

25
26

27

28

Suppose S and T are sets such that T c_:S then prove that If S is finite then T is finite.

Given f=x2+1 and g=+vx-1find fog and gof.

If xand y are reals with x < y, then prove that if an irrational number of such that
x<z<y. ‘ ' '

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

Find the supremum and Infimum of the set S where S = {x :3x% ~10x+8 < 0} .

Using the definition of limit, show that 1_im(3": 12) =3.
X

If X= (x,,) is a convergent sequence of reals and if x,, >0 for all n, then prove that :

x=lim(x,)20.

Establish the proper divergence of (\/; ) :

1+
Find the least positive integer (non-zero) in such that (1—_—3) =1,

(9 x 1 =9 weightage)

Prove that there does not exist a rational number r such that r2 = 2.

If a,beR, prove that :
llal-| 51| <la-b]-
LetSbea non-empty bounded set in R and a > 0 aﬁd aS= {as; s eS8}, prove that, : .

sup (aS) =a-supS.

Prove that a sequence of real numbers is cbnvergent iff it is a Cauchy sequence.

Prove that the intersection of arbitrary collection of closed sets is closed.

‘Prove that | z) +25 |<| 2 |+] 25 |.

Locate the points in the complex plane for which | z-1 |2 +|z+1 |2 =4.

bx2=10 weighfage)



et 3 : : D 11547

L;. Essay questions. Answer any two questions :

29. (a) Show that the set of all real numbers between 0 and 1 is uncountable.

(b) I x, =vn+1-n, show that [x,] converges.
30. Show that a monotonic sequence of real numbers is convergent iff it is bounded.
31. (a) Prove that arg (z25)= argz; +argzy.

(b) Find the value of ,f2i.

(2 X 4 = 8 weightage)
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10.
11.

12.

13.
14,

15.

Section A

Answer all the twelve questions.
Each question carries 1 mark.

Define a countable set.
What do you mean by trichotomy law of real numbers ?

State Bernoulli’s inequality.
Find all x satisfying |x-1]<|x|. i
State the completeness property of the set of real numbers.

What are the conditions for a subset of real numbers to be an interval ?

1
Ifa > 0 find lim (1+na)'

State Squeeze theorem for limit of sequences.

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

Find Arg(2) if z=-1-i.

Define contractive sequence.

Find the exponential form of (\/5 - i)s.
) (12 x 1 = 12 marks)
Section B

Answer any ten out of fourteen questions.
Each question carries 4 marks. -

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

If 220 and 5> 0, prove that a < 6 if and 6nly if a® <b?.

State and prove arithmetic-geometric mean inequality.

Turn over
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16.

17.

18.

19.

20.

21.

22.
23.
24,

25.

26.

- 97.
28.

29.

30. If

31.
32.

2 D i1163

Define infimum of a set. If S = {% ‘ne N}, prove that inf (S) = 0.
If t > 0 prove that there is an n, in N such that 0< -1- <t.

nt
State and prove the betweenness property of irrational numbers.

Determine the set A of all x satisfying | 2x +3 | <7.

sinn

Test the convergence of the sequence (x,) if x, =

x, = X,

“n+l | T

Define Cauchy sequence. Find a sequence (=,

Prove that every convergent sequence of real numbers is a Cauchy sequence.
Show that subsequence of a converging real sequence always converge to the same limit.

State and prove Bolzano-Weierstrass theorem.

Find all values of (_27 ;)% .

‘Prove that | 2, -2, | 2] 2, | = | 2, | forall 2,,2, eC.

7 (10 x4= 40 marks)
Section C

.Answer any six out of nine questions.
Each question carries 7 marks.

Show that the unit interval [0, 1] is uncountable.
Prove that there is a real x whose square is 2

If A is any set, prove that there is no surjection of A on to the set ?(A) of all subsets of A Deduce

that power set of natural numbers is uncountable.

I, =[a,,b,],ne N is a nested sequence of closed and bounded intervals, prove that there is a
real number which lies in I, for all n. ' ‘
Sate and prove monotone convergence théorem for a sequence.

Show that every contractive sequence is convergent.



33.

34.

35.

36.

317.

38.

3 » 1 " n
Discuss the convergence of the following (x,) where (i) %, = (1 + 5';) s () x, =) o)

State Cauchy’s convergence cntenon Use it to test the convergence of x, =

Find the square roots of /3 +i and express them in rectangular form.

(6 x 7 = 42 marks)
& v Seetion D

Answer any two out of three questions.
Each question carries 13 marks.

(a) State a.nd prove the charactenzatlon theorem for mtervals
(b) Show that between any two real numbers there is a rational number.
(a) State and prove the ratio test for the convergence of real sequences.

(b) Ifa> 0construct a sequence of real numbers which will converge to the square root of a.

(a) Let X=(x, ) and Y= (y,,) be real sequences that converge to x and y respectively. Prove the
following : :
@) lim(x, +,)=x+5.

(i) Lm(x, -y,)=x-y.
(iii) lim(x,y,)=xy.

(iv) lim(ex,)=cx,ceR.

(b) . Discuss the convergence of ——.

- (2 x 13 = 26 marks)



&l

e

- ,
D 90907 (Pages : 3) Na,me‘““;
' ' | RegNo ;
FIFTH SEMESTER B.Sc. DEGREE EXAMINATION, NOVEMBER 2015; 5
(U.G.—CCSS)

Core Course—Mathematics _
" MM 5B 07—BASIC MATHEMATICAL ANALYSIS
Time : Three Hours _ Maximum : 30 Weightage

I. Objective type questions : Answer all twelve questions :

3x
X+

1 Let f(x)= T for xeA#{xeR;x¢41}. Then range of fis —— —

2 Using algebraic properties of R, prove a-b=6 =a=1.

3 State completeness property of R.

4 Write the supremum of S = {l ine N}.

’

n

Xn +1

5 Give an example of a convergent sequence (x,,) of positive numbers with lim: =1.

%Xy

6 Give an example of a Cauchy sequence.
7 State True or False. “Every bounded sequence is convergent”.

8 If (x,) and (y,) are two sequences, such that X, <y, and limx, = x; limy, = y. What is the
‘relation between x and y ?

9 Give an example of a monotonic sequence.

10 State True or False. “Every open interval in an open set”.
11 Prove that 2z = |z|2 .

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

(12 x Y4 = 3 weightage)

Turn over
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II. Very short answer questions. Answer all nine questions :
13 Let f:A—>B;g:B—>C be functions. Show that if gof is injective then fis injective.
14 Use mathematical induction to prove thet n3 + 5n is divisible by 6.

15 Define é-neighbourhood of aeR.

; ( P2 R
e e . [y
Fmd the supremum and infimum of the set S=41- ;neN¢t.

-
-

@, If Sc T c R, where S # ¢, then show that if T is bounded above then SupS<SupT.

18 “A sequence m Rcan have atmost one limi ”__Prove.
19 Using definition of 1imi£, prove that lim»(—l—) =0

n
20 Prove that a Cauchy sequence in bounded.

91 Find arg of z where z =+

(9 x 1 = 9 weightage)
II1. Short answer questions. Answer any five questions :

#2 State and prove Berfioulli’s inequality.

33 If a,beR, prove that o +8| <|a| + .

24 Let A and B be bounded non-empty subsets of R and A + B (a +b;aecA,;beB). Prove that
Sup(A + B) = Sup A + Sup B.

Jf5 State and prove Squeeze theorem.

26 If a sequence X = (x,) of real numbers converges to a real npmber x, then prove that any

subsequence X' =(x,;) also converges to x.
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L?‘O
27 Show that z is elther real or purely imaginary 1ff (z) =2

28 Locate the points in the camplex plane for which |z -1 =|z+1.

B5x2= 10 weightage)
i IV. Essay questxons Answer any two questlons

29 (a) Prove that the set Q of all ratlonal numbers is denumerable
(b) Suppose Sand T are sets such that_: TcS. Prove that z+Tis infinite, then S is infinite.

30 (a). Prove that the union of arbitrary collection of open subsets is R is open.

(b)- Give an example to show that the arbitrary mtersectlon of open set is not open

31 (a) If z, and z, are two non-zero complex numbers such that |z4] = |22| and
arg (z;) + arg (z;) = , then prove that z1 =—2,.

a

S ’A"u?vi-‘ﬂ‘n'ﬂ\ﬂ ¥

(b) Evaluate 1—\\[57'. e

Ay

(2 x 4 = 8 weightage)
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Part A

Answer all questions.
Define bijection. |
Give an example of a denumerable set';.
Give an example of a bounded below set which is not bounded above.
State nested interval property.
Is the sequence (n) cohvergeﬁt ?
Give an example of an’ unbcunded*smuence*ﬂra:ﬂras*a*converg’ent subsequence
If (x,) is an unbounded i 1ncreas1ng sequence ﬁnd lim x,

Given an example of an open set which is not an 1 interval.

Define Cantor set.

State Cauchy convergence criterion. _

. Ifzis real show that z = E.-

State de Moivres formula.
i | (12x%=3 Weightage)
Part B

Answer all questions.
By Mathematical Induction, prove that 1+ 2+ 3 + ...+ n=——2

Determine the set A = {x eR/|2x+3| <'7}.

Show that lim (1/n)=0. Turn over



16.
17.
18.

19.

20.

21.

22,

23.

24.
25.

26.
21.

28.

29.
30.

31.

2 ' o C 30801
Prove that a convergent sequence of real numbers is beunded
Give an example of a bounded sequence that is not a Cauchy sequence

Show that the set of Natural numbers isa closed set.
Show that iz =‘— iz.

Find (Arg 2,2,).

If 2, = 2, 2, = % ) fin»d‘ 2 +2,

(9 x 1 = 9 weightage)
" Part C
Answer any ﬁve questiohs. ‘

Determine the set of all real numbers x such that 2x + 3<6.
Find the infimum and supremum of {—1- & R, me N}.
: : n m ,

Find lim %

Is a Cauchy sequence of real numbers bounded ?

Show that a convergent sequence of real numbers is Cauchy.

Sketch the set of points determined by | z+i|<3.

Prove that cos 30 = cos® 0 — 3 cos0 sin” 6.
. (5 x 2 =10 weightage)
Part D

Answer any two questions.

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

State and prove Bolzano Weierstrass Theorem.

1+\/—z

Find the exponential form of the complex number —1 i,

(2 x 4 = § weightage)



