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SIXTH SEMESTER (CUCBCSS—UG) DEGREE EXAMINATION

MARCH 2023

Mathematics

MAT 6B 09—REAL ANALYSIS

(2017—2018 Admissions)

Time : Three Hours Maximum : 120 Marks

Part A

Answer all questions.

Each question carries 1 mark.

1. Give an example for a continuous function which is not bounded.

2. State Preservation of Intervals Theorem.

3. Define Lipschitz itz function.

4. State Boundedness theorem.

5. Find ( )P if P = 0, 1, 1.5, 2, 3.4, 5  in a partition of [ ]0, 5 .

6. State Lebesgue integrability criterion.

7. Define uniform convergence of a sequence of functions.

8.
( )sin

lim
n

nx n

n→∞

+
=

9. Give an example for an improper integral of second kind.

10. Cauchy principal value of 
1

1

1
dx

x−
=∫

11. Fill in the blanks : ( )1Γ =  ————————.

12. Define Beta function.

(12 × 1 = 12 marks)

312534

312534

1105

1105

1105
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Part B

Answer any ten question.

Each question carries 4 marks.

13. Let I be an interval and let : If → ℝ  be continuous on I. If , Ia b∈  and if k∈ℝ  satisfies

( ) ( ),f a k f b< <  then prove that there exists Ic∈  between ( )and such that .a b f c k=

14. Let I be a closed bounded interval and let : If → ℝ  be continuous on I. Then prove that

( ) ( ){ }I : If f x x= ∈  is a closed bounded interval.

15. If : Af →ℝ  is uniformly continuous on a subset ( )A of and if nxℝ  is a cauchy sequence in A

then prove that ( )( )nf x  is a cauchy sequence in ℝ .

16. Show that ( ) [ ]2 on A = 0, , 0f x x b b= >  satisfies a Lipschitz condition.

17. Suppose that [ ] [ ], , and . Prove that , and .
b b

a a
f g a b k k f a b k f k f∈ℜ ∈ ∈ℜ =∫ ∫ℝ

18. Let ( ) ( ) ( )1 1
G for = and G 0x x n x

n n
= ∈ =ℕ  elsewhere on [ ]0, 1 .  Show that [ ]G 0, 1 .∈ℜ

19. State and prove composition theorem for Riemann Integrable functions.

20. Let ( )nf  be a sequence of bounded functions on A .⊆ ℝ  Suppose that ( )nf  converges uniformly on

A to f. Then prove that 
A

0.nf f− →

21. Discuss the uniform convergence of 1 2 2

1
.

n
x n

∞
= +

∑

22. State and prove Weierstrass M-Test for a series of functions.

23. Test the convergence of 20

1
.dx

x

∞
∫

24. Show that ( )1 !n nΓ + =  when n is a positive integer.

312534

312534

1105

1105

1105
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25. Show that ( )
( )

1

0
, .

1

m

m n

y
m n dy

y

−∞

+
β =

+
∫

26. Evaluate ( )
1 87

0
1 .x x dx−∫

(10 × 4 = 40 marks)

Part C

Answer any six question.

Each question carries 7 marks.

27. State and Prove Maximum-Minimum Theorem.

28. State and prove Continuous extension theorem.

29. Let [ ]I = ,a b  be a closed bounded interval and let : If → ℝ  be continuous on I. If 0,∈>  then prove

that there exists a step function S : I∈ → ℝ  such that ( ) ( )S for all I.f x x x∈− <∈ ∈

30. If [ ],f a b∈ℜ  then prove that the value of the integral is uniquely determined.

31. If [ ], ,f a b∈ℜ  then prove that f is bounded on [ ], .a b

32. State and prove Cauchy Criterion for Riemann Integrability.

33. State and prove Taylor’s Theorem with the Reminder.

34. Prove that ( ) ( ) ( )
( )

, , , 0.
m n

m n m n
m n

Γ Γ
β = ∀ >

Γ +

35. Show that 
( ) ( )1 1

2
0

2 2
sin cos .

2
2

p q

p q

d
p q

π
− −

   
Γ Γ   
   θ θ θ =

+ 
Γ  
 

∫

(6 × 7 = 42 marks)

312534

312534

1105

1105

1105
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Part D

Answer any two question.

Each question carries 13 marks.

36. a) State and prove Location of roots theorem.

b) Test the uniform continuity of ( ) [ ]on 0, 2 .f x x=

37. a) If f is continuous on [ ], ,a b  then Prove that the indefinite integral ( ) [ ]F for ,
z

a
z f z a b= ∈∫  is

differentiable on [ ] ( ) ( ) [ ], and F for all , .a b x f x x a b′ = ∈

b) Show that Dirichlet function is not Riemann Integrable.

38. a) Express the integral 2
0

sin cosp qx xdx

π

∫  in terms of Beta function.

b) Evaluate 7 52
0

sin cos .x xdx

π

∫

(2 × 13 = 26 marks)

312534

312534

1105

1105

1105
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Mathematics
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Time : Three Hours Maximum : 120 Marks

Part A

Answer all questions.

Each question carries 1 mark.

1. Define uniform continuity of a function.

2. State Weierstrass approximation theorem.

3. Find P  if P = {0, 2, 3, 4} in a partition of [0, 4].

4. Give an example for a function which is not Riemann integrable.

5. Define step function.

6. State Lebesgue integrability criterion.

7. Define uniform convergence of a series of functions.

8.
2

lim .
n

x nx

n→∞

+

9. Write an example for an absolutely convergent improper integral.

10. Cauchy principal value of .xdx
∞

−∞
=∫

11. Define Beta function.

12. Fill in the blanks : Γ(3) = ————.

(12 × 1 = 12 marks)

Part B

Answer any ten questions.

Each question carries 4 marks.

13. Let I = [a, b] be a closed boudned interval and f : I → R be continuous on I. If k ∈ R is any

number satisfying inf (I) sup (I)f k f≤ ≤  then prove that there exists a number Ic∈  such

that f (c) = k.

14. State and prove Preservation of Intervals theorem.

92479

92479

1105

1105

1105
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15. Show by an example that every uniformly continuous function need not be a Lipschitz

function.

16. If : [ , ]a bφ → R  is a step function, prove that [ , ].a bφ∈R

17. Suppose that , [ , ]. Prove that [ , ].f g a b fg a b∈ ∈R R

18. State the substitution theorem of Riemann integration. Use it to evaluate 
4

0

sin
.

t
dt

t
∫

19. Let ( )nf  be a sequence of bounded functions of A .⊆ R  Suppose that 
A

0.nf f− →  Then

prove that ( )nf  converges uniformy on A to f.

20. If fn is continuous of D  to ⊆ R R  for each  and if nn f∈ ∑N  converges to f uniformly on D,

then prove that f is continuous on D.

21. State and prove Weierstrass M-Test for a series of functions.

22. Discuss the uniform convergence of 1 2 2

1
.n

x n

∞
=∑

+

23. Test the convergence of 0 2

1
.dx

x

∞
∫

24. Show that Γ (n + 1) = n! when n is a positive integer.

25. Show that β(m, n) = β(n, m).

26. Evaluate 
1
0

1
log .

n
mx dx

x

 
∫  

 

(10 × 4 = 40 marks)

Part C

Answer any six questions.

Each question carries 7 marks.

27. Let I = [a, b] be a closed bounded interval and let f : I → R be continuous on I. Then prove

that f is bounded on I.

28. State and prove Uniform Continuity Theorem.

29. State and prove Continuous Extension Theorem.

30. If : [ , ]f a b → R  is monotone on [a, b] then prove that [ , ].f a b∈R

31. Discuss the convergence of the sequence ( )( )  where ( ) , [0, 2].
1

n

n n n

x
f x f x x

x
= ∈

+

32. State and prove Taylor’s Theorem with the Reminder.

92479

92479

1105

1105

1105
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33. Let [ , ]f a b∈R  and let f be continuous at a point [ , ].c a b∈  Prove that the indefinite integral

F( ) foe [ , ]
z

a

z f z a b= ∈∫  is differentiable at c and F ( ) ( ).c f c′ =

34. Show that P 1

P P+1
( ).

2 2 2
p

−

π   Γ Γ = Γ   
   

35. Evaluate the integral ( )
1

2

0

1 .x x dx−∫

(6 × 7 = 42 marks)

Part D

Answer any two questions.

Each question carries 13 marks.

36. (a) State and prove Maximum Minimum Theorem.

(b) Test the uniform continuity of ( )f x x=  on [0, 2].

37. (a) Let : [ , ]f a b → R  and ( , ).c a b∈  Prove that [ , ]f a b∈R  if and only if its restriction to

[a, c] and [c, b] are both Riemann integrable. In this case show that .b c b
a a cf f f= +∫ ∫ ∫

(b) If [ , ] and if [ , ] [ , ]f a b c d a b∈ ⊆R  then prove that the restriction of f to [c, d] is in R[c, d].

38. (a) Prove that 
( ) ( )

( , ) , , 0.
( )

m n
m n m n

m n

Γ Γ
β = ∀ >

Γ +

(b) Find the value of 
1

.
2

 Γ 
 

(2 × 13 = 26 marks)

92479

92479

1105

1105

1105
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Mathehatics

MAT 68 Og-REAL ANALYSIS

Time : Three Hours Maximum: 120 Marks

. Section A

Answer all questions-
Each carries I mark.

1: Define absolute maximum of a real valued function f z A -+R, A g R.

z. Give an example of a continuous function. Why unbounded eventhough its domain is a bounded

set in R.

3. State the location of Roots theorem.

ction'4. Define uniform continuity of a function.

E. tr'ind fl'^r ll if p = {0,0.2,9.5,0.9, L-l,zlis a partition of [0,2]'

6. Let F, G be differentiable on lo,bl and p'=1and G'=8 both belongs to R[o,b]'

b

Then fG=
a

7. Give an example of the improper integral of the 3rd kind'

-nD8. The radius of convergence of the power series I: is

g. State the Weierstrass M-test for the uniform convergence of a series of functions.

10. When do we say a series of functions is absolutely convergent ?

Icos(z* + z)l
II. tuu |--n-+6L n J

L2. State the relation between Beta function and Gamma function.
(12x1=12marks)

Thrn over
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Section B

Each earri,es 4 marks.

13. (a) What do you mean by Lipschitz condition ?

(b) What is its geometrical interpretation?

L4. r,rot'fn(*)= *" (r-r), r e A = [0, r]. Prove that fr(*) converges to,0, uniformly on A.

ls. Discuss the convergence of j#, where z > 0.

4. t-rsin'Jt
16. Evaluate lTdr.

1v&

17- State the borrndedness theorem oo Ri"**n integral. Justrfy the converse by an example.

18. st"t" *otinuous extension theoreln. Use it to show that f (r) = rrrr(|) ,, ,"*"*r, conrinuous

on,(0,6],6 > 0.
,:it,.

19. Show by an example that every uniformly eontinuous function need not be Lipschitz function.

o /-\
20. Deterrrine the uniforrn convergerr.. or i tt[#) for I r | < o.

27. Distinguish between pointwise and uniform convergence of.a sequence.Iyrite the relationbetween
them. Also write the necessary and sufficient conaition for sequence (fi) fail;;";;;;;;;r,
on Ae cR tof, 

..

22. ff f eB[a,b], then p.T. 
I f l. il1,,a1.

29. State the limit comparison test for the convergence of improper integrals. Test the convbrgence

@edx

" )c.
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24. Provethat l*=G.

26. : prove trrat F(ran) '="^\10^r,,3-r1cos* )'o-'&r'.
0

(10 x 4'= 4O marks)
Sectiorrci I -

. )lnswer any six qucstians.
Eachearrics 7 marks.

27- P.tr the image of a closed'and bounded interval under a continuous rnapping is a closed and
bounded interval.

28. State and prove Bolzano's intermediate value theorem.

,?9. lt f :[a,bl+R is continuous lo,bl,then P.T. /. R1o,a1.

80. State and prove uniform continuity theo'rem.

31- P.T. a sequence of bounded functions (f")on Ag R converges uniformly tof on A iff

ll f*-f llo *0.

82- Discuss the convergence of (fr(*)),where f*(*) = ttu , xe R, z e N.

38. . Prove that the uniform limit of a sequence of continuous function on A c R is continuotrs on A.

g4. provethat 0(m'n +1) 
-F(m+L'n) =$(m'n)n tn rn+n

':
I

85. Evaluate fi"t"";3 a*'
.0

(6x7=42marks)

Ihrn over
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Section D

Each cairics 13 marks

36. (a) State and prove Maximum-Minimum theoreni'

(b) Show by an example that none of the conditions of the Maximum-Minimum theilrerir can be

relaxed.

g7. (a) If (x*\isaCauchysequenceon Ag.R,thenP.T. (f(r;)) isaCauchysequencetnR,when

1

(b) Show that f (tr) = a i, not uniformly eoniinuous on (0, 1)'
x

.n/ /2-
38. (a) Evaluate JJtane ae'
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SDilH SEMESTER B.Sc. DEGR-EE E)GIVIII\IATION'
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Mathematics

MAT 68 Og_REAL ANALYSE

IVIARC

Time: Three Hours Maximum: 120 Marks

Section A

Answer all thc twelve questions'

Each question carri'es L rnark'

1. Give an example of a real valued function with set of real numbers as domain which is nowhere

continuous.

Define unifonm continuous function'

State Maximum-Minimum Theorem'

,d bounded interval in IR'Define a tagged partition of a closed an

I,et /(r) =x2 for re [O,a]. Calculate the Riemann sum corresponding to the partition

P = (0, L,2, 4)with the tags at the right end points of the subintervals'

State Fundamental Theorem of Calculus (Second form).

Define uniform norrn of a bounded function'

Give an example to show that pointwise convergence of sequence of functions need not imples

uniform convergence.

g. State Cauchy Criterion fbr the uniform convergence of a series of functions'

10. Define improper integral of the second kind'

11. Show that B (m, n) =B (n, rn)'

L2. Define Gamma function'
(12x1=12marks)

Section B

Answer any ten out of fourteen questions'

Eoch question corrics 4 rnarks'

rval and Let f zI + R be continuous of I' lf k e [R is any number

satisffinginf f(I)<&ssupf(I), thenshowthatthereexistsanumber s6[ spch'!T*);*

2.

3.

4.

5.

6.

7.

8.
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t4. Show that the equation, = cos r has a solution in the interval [0, o].

15. If f :A-rR is uniformlycontinuous on asubsetA of [R and if kr,) is a Catrchy sequence inA,

then show ttrat (f (rr)) is a Cauchy sequence in IR .

16. Iff and g are uniformly continuous on subset A of nt , show that f + g is uniformly continuous on
A.

L7. Considerthefunctionlrdefinedbyft (r) =N+ l for re [0,.f] rationaland/r(.r)=0for re[0,1J
irrational. Show that ft is not Riemann integrable.

18. State and prove the Mean Value Theorem for Integrals.

19. State Lebesgue's Integrability Criterion.Using this discuss the Riemann integrability of any step
function on [o, D].

20. L€t F and G be differentiable on [o, b] and Let f = F' and g = G' belongs to R[o, b], then show that

I:r *= [FG] Z- I!, u.

2L. Showthat lim(*/(r+z))=0 forall relR,r20. Alsoshowthattheconvergbnceisnotuniformon

the interval [0, *).

r@1
22. Discuss the convergence and uniform convergenc. of L:1j: rz.

r'@ 1
23. Show that J r Sii 

& converges.

?lsinr .
24. Showthat J6-E* converges.

. 25. Show that r(1/2) = G.
(10 x4=40 marhs)

Section C

Answer any six out of nine questinns.

Each question canies 7 marks.

26. State and prove Boundedness lheorem

27. ff f (r) = * and g (r) = sinr, show that both/andg are uniformly continuous of IR , but that their \

product /g is not uniformly continuous on IR. .

28. lf f -+lR is monotone on lo,b), then show that f e R [a, b].
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29. 'State and prove Fundamental Theorem of Calculus (First Form).

30. Int (f^) be a sequence of bounded functions on A e IR. Then show that this sequence converges

uniformly on A to a bounded function/if and only if for each e >0 there is a number H(e)in N

sueh that for all n,tu2H (e) then ll f* -f" il= ".
31. Show that the orriiorm limit of a sequence of continuous real valued functions on a subset of real

numbers is continuous. - --------<

82. Show that the improper integral I; fu diverges.

33. Let f be a non-increasing function on [1.o) such ihat f (r)>O(l<*..o). Then show that

I ; / (z) wil diverge ff Ii f @) e diverses.

84. Derive a relation between Beta and Gamma function.

(6x7=42marks)

Section D

Answer any two out of three questions.
Each questi.on carri,es LB marks.

35. Show that a continuous function on a closed and bounded interval I can be approximated arbitrarily
closely by step functiori.

36. Let f :[a,bl-+iR andlet ce(",b). Thenshowthat f eR[o,b] if anaonlyif itsrestrictionto

[o, c]and [c,6] are both Riemann integrable. In this case show that Ij f = !: f - !! f .

,37. (a) I-et fn@): = 1/ (l + r)r for x el0,ll.Find the pointwise limit f of the sequenge fo on [0, 1].
i

Does f, oonverge uniformly to/on [0, 1] ?

(b) I*t (cn) be a decreasing sequence of positive numbers. If lc, sin zr is uniformly convergent,

then show that lim (nc) = O.

: (2 x 1B = 26 marks)
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part A

Answer cJI twelve qnzstions.
Each qtnstian carrips yt weightage. -

1. State Bolzano's intcrmediate value theorem.

2' Given an example of a continuous function which need not bounded on the domain set A.

3. Define Lipsehif,z fuaction on a set A g R.

4. Given an example of a function which is Reimann integrable in [0, 1].

5. If ry: [o, bJ-+ R takes only a finite number of distinct values ; then ,is v a step function, ?

6. Is it true that A(*)=*,Vre[O{ belongs to R[0, f].

7. n f,(x)= *, *o ti*f,, ("1.

8. Does g" (r) = r" ; r e [O lJ oonverges uniformly

Let f,(|=;A.D* If,

Defrne beta function.

Find E, whery n e BI.

Define an imprcper intqral.

(L2x%=Sweightage)

Turn over

9.

10.

11.

12.

ffi -:!-lsc*n]),
.^Lr- 2- - -- !so,f.a --?',
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13. Statepres'ervati,onttreoremofintegrals. "
.i .- -i: ,r'

t4. What is riniform Continuity theoied ? ' ".

t.' .."t .: ..i
t5. lt' f,g e R{o, b}; :then show that f + g en[oa].

L n J

18. State Cauchis criterion for unifom oonverypnce of series. 
,.

:

19. Testtt""oor"rggo."oftheintegral I!: Y* 
- : 

:

20, find F + 1 -l-ra where z is a natural nnmber.

2L. Prove that t:l diverges.lotr

(9 x 1= gweightage)

' Part C

' llnswer oty frve qucstibns. t 
.

ZZ, If f:A-+B isuniformlycontinuouson AcR and,if (r") itaCauchysequenceis.tthgnprove

Zg. Check whettrer sin 1' and *sinl are uniformly continuous oo [c, bl V 6 > 0.
fX

, l-t'

::,. .-

': j

i)"i::'
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29.

30.

31.

t*t f (x)=1 for 1= *, %,%,% *a f (x)=s etsewhere on [0, r]. smw t]rat f e R [e r] and

State and prorre first formof firndamental theorem of Calculus. :

.:
Show that, if (f,) t"a (g") converge unifo:mly on the set A ti f, g respeefi"ely,'ihen fi + g,

converges tof +g on A. , : '

.G

-;'rl

(6 x2 = 10 weightage)

Answer ony two questians.

State and prove additivity theorem for Riemann integrals.

(a) State and prove seaond form of fundamental theorem of calculus.

(b) Show that f" (r) = i e-* converges uniformly on (0, -).

Show that B(m,n)=W and hence evaluate B(3,4).
, I"L+ ILlm+n

-,
(2x4=Sweightage)
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MAT 6B OTREAL AI{ALYSIS .
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Part A

*il:;t:":xxffirr#r
1. State the Location of Roots Theorem.

Z. Give an example of a continuous function on A = (0, o) ivhich is not a uniformly continuous

function on A = (0, *).

3. State the Preservation of Intervals Theorem

4. State the Weierstrass Approximation Theorem.

5. Define the Norm of a Partition of a closed and bounded interval.

6. State the Boundedness.Theorem on Riemann integration

8. State the Substitution Theorem for Riemann [rtegration'

9. For what value of r the series II=, rn sin n* uniformly convergent.i

( (12 *,r))
10. Fill in the blanks : hm I l= .....t'n)

11. Fill in the blanks | 9(A2, AZ)=.....

L2. Fill in the blanks , li .f-rr-" d.x = .....

(12x1=12marks)

"dzt

Turn over
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Part B

18. State the Boundedness Theorem. Show by an example that the boundedness theorem fails if the

Interval i's not bounded.

14. LetI= la,b),beaclosedandboundedlnterval .lt f zI+R iscontinuousonla,bl ,thenprove

that / (tll) it a closed and bounded interval'

18. Show by an example that the continuous image of an open interval need not be an open

interval.

16. State the *sequential criteria'for the uniform continuity of a function. Apply this result to test the

uniform continuity of f @) ) Ux on (0, 1).

17. Usethelocation of Roots Theoremto showthatthe equation x3 -x- 1= 0has arootin (L,2)'

th" lfrl='tu-"1'18. lt f eR [o, b] ana lf (r) I < M, vr ela,bl, then prove

-' t r, i

'L9. If {:[o,b]+RisaStepfunction,thenprovethat 0eR[o'b]' 
I

20. IfFandGare differentiable functions on [o, b] and f =F',g=G'eR["'b]-'then prove that 
'

r

I

2l.Defineuniformconvetgenceofasequenceoffunctions.Testuniformconvergenceofthesequence

(xln);reR,ze"N.
J

,dtunction. Find llf, -f ll.r if (f')(r)= (r";reA=[0'1]) and
22. Define uniform norrn of a bounde

f (r)=o for os x<L;f @)= lforr= 1'

zg. Define uniform convergence of a series of function. Show.that the Uniform limit of a series of

continuous functions is continuous .

24. Show trrat' f - "d;dr 
converges , if p <l; and diverges if p > L'

dF



,

25. Define the Cauchy Principalvalue of the integral I:-- f (*)tu.

26. Define Beta'{iirctibn .'Prove'that g(*,o)= g(n, m)rVm,n > 0'

(1Ox4=40marks).\
Part C

Answer onY six qucstions'
Each question'carries 7 marks'

27. State and prove the IntermidiateValueTtreorem'

28. State and prove the Continuous Extension fireorem'

29. State and prove the Composition Tlreoreq ofRiernanrr integration'

Bo. Define Riemann inte!ryal of a function. If f e R [o, b], then prove ttrat the value of the Rienoann

integral of f is uniquely determined.

81. prove that.a sequence of bounded functions on A converges uniformly on A if and only

llf*-fllu-o'

82. Test the uniformconvergence of the seriesll=, s(Y).
nP

33. (a) Distinguish bet-ween absolute and conditiolal convergcrnce of an,improfer rnlegral

(b) Discuss the convergence of the Imploper integral l*=* '*- ct'*'

g4. Evaluate tt. - o)*-' (a - r)'-' dt i*,n> L'

in terms of Gamma function.

' (0 ,7 ; 42 marks)

D 40041

Find it if f (r) =Ur.

if

35. Express the inteeral ft"f (t - "") 4a; p:e,n>o

Turn over



36. (a)

4

Part I)

Answer anY two qucstions.
Baah qucstion caryiis t8 marlts"

Let I = la,bl, be a closed and bounded Interval .If f :I-+R
prove that is bounded on I = Ia,bl . .

Provettrat P (p,t- p)= L, ffi*.
State and prove fuuedze Theorem of Biemam Integration.'

D 4{n41

iS continuous, on-&l'.6jt, then

(2 x 18 ! 26 marks)

(b)

37. (a)

(b) Evaruate tS#);,>0.
38. (a) State and prove thg Weierstrass+I-test for uniform convergen@ of a Series of functions.

''o)= P r*-t +ro-t *'(b) Showthat p(r . , rr=e (L+x)**n I
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EXAIVIINATION, MARCH 2OL7

(uc*4CSS)

Mathematics

MM 68 09-REAL AI.IALYSIS

Time : Three Ifours Maximum: 30 Weightage

PartA

Answ er all tw elue quastians.

Each question carrics Yt weightoge.

1. Give an sxamFle of a function such that the continuous image of an open interval need not be an

open inter{al.

2. State boundedness theorem for functions.

3. Define uniform continuity of a function on a set of A g R.__-_-.--_-__-

4. Justify the statement "An unbounded function cannot be Riemann integtable".

5. If I = [0, 4], calculate th+nornofsc ps*ition P = (0, 0.6, 2.5,8.5, 4).

6. Is it true thatf(r) = sgll x on [- 1, U belongs to B t- 1, 1] ?

-x7. Does fo =; converges uniformly on R.
n

8. If (fr)and (Sr) besequencesconvergeuniformlytofandgonAresPectively,findlimitof (f"g")

on A.

/r\
9. Let 8o(r) = ttlp). Does Efo converges rmiformly on R.

10. Define Gamma function.

1-1. State the relation between Beta add Gamma functions.

12. Define beta fimction using trignometric fimctions

i (L2 x% = 3 weightage)

.-_ PartB

Atuwer a,ll questions.

Each question carrics L weightage. P

13. State Bolzano-intermediate value theorem.

L4. Iff : A + R is a Lipschit's firnction, then prore thatfis uniformly continuous

15. Show that every consttb functions on [4, bl is in R [4,61.

I\rm over
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)2
16. State Cauchy's criterion for a function on [ar bl belongs to B to, b].

L7 . Show that lim [* rt t,o + rl] = 0, v * e R.

18. Give an example of a sequence of a continuous functions that converges non-unifomly to a
continuous limit. 

1 r
19. Test the convergence ot lft A*-

2L. What is the relation between B (m,n) and B (n,m)?
(9x 1=gweightage)

Part C

Each gucstian carics 2 weightoge.

22. Let I be a closed and bounded interval and letf : I -+ B be continuous on I. Prove thatf (I) is a
closed bounded interyal.

23. Prove that a function/is uniformly continuous on [o, 6] if and only if it can be defined at the end
points o and b such that the extended function is continuous on [o, b].

24. If/ e R Ia, bl, ttren prove that f is bounded.

25. Considerthefunctionh definedbyhk)=r+ lforalJr e [0, 1] rationalsand h(x)=0, forall
r e [0, U irationals. Then prove that i is not BieTaln integrable.

26. Check the sequence G (*) = * (L- r), V, e [0, il converges uniformly on [0, 11.

27. Prove ttrat Jfi, = G.
6!o

28. Define Cauchy principal value of I fk) & and hence evaluate I sitt dt.
.-@ (5 x2 = 10 weightage)

Part D

Answer ony ttto questions:

Each question corries 4 weightoge

29. State and prove location ofroot theorem;

30. (a) If f : [a, b] + R is monotone on [o, bl, the prove thatf e R [4, b].

(b) Check'the series E# converges nniformly for all rEal value of 0 andp > L

ilication fomula for gamma function.31. (a) Derive du1 : ganuna function.

(b) Prove *ntl@ - xym-r *n't** = o^*o-t1(m, n).
o 

(2 x 4= 8 weightage)

c 215d,/

-q\:F
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I
1
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SD(TH SEMESTER B.Sc. DEGREE EXAIVIINATION,

(CUCBCSS_UG)

Mathematics

MIfT 68 OTREAL ANALYSE

fime: Three Hours Maximum: L20 Marks

Section A
,Answ er all quest.ians.

Each question carrieis L rnark.

1. State boundedness theorem

2. Define absolute Minimum of a function.

3. State the preservation of intenzal theorem.

4. Give an example of a continuous function on (0, o ) which has neither absolute maximum nor
absolute minimum.

5. Give an example of a continuous function sn A c R, which is not uniformly continuous on A.

6. Find fld ifp = {0, 0.E, 0.6, 1, L.5,Zl is a partition of the set [0, 2J.

Give an example of the znd kind impmper integral.
t

Ttre Radius of convergence of the power series U #*
Defing uniform 

"o.rr"rgrr"" 
of a series of functions.

(sin (nc + n)'\tint rri3 | _;;\ n )---.
What do you rllean by uniform norm of a bounded function for A g R.

7.

8.

9.

10.

11.

12. Find

(12 x 1= 12 marks)

Section B

Answer ony ten questions.
Each questian carrics 4 marks.

13. LetI= Ia,bl,Ictf :I -+ Rbecontinuous.IfK e Risanynumbersatisffing

inf fttl < K<sup f(I), ,

then prove that there exist a number CeI such that f (c) = k. Thm over



L7.

18.

14. (a) Define Lipschitz function.

(b) Iff is a Lipschitz fungtion on AcR, then prove thatfis uniformly continuous on A-

[t. if r is rational I
f (") = 

to, *n", * is irrationrrj "ttioo"t

has no Riemann Integral over [0,1].

'@-

16. Evaluate 
lxue-'dx

19.

20.

2t.

. 4_:_li
State the substitution theorem of Riemann Integration. Use it to evaluate I 

t*J' 
ar.--- ----:- i .,lt

State continuous extension theorem. Use it to show ltrat f (x) = sin fl is not uniformly continuous
w)

on (0, bl, b > O.

'@i Ft\' -
Determine the uniform convergenoe of 

^L_$G t

If F and G are differelttiable on [o, b] and letf = F'andg: G'belongs to R ta, bI then P.T.

-A 
b-

State Lebesgue's Integrability Criterion for Riemann Integrability. Use it to show that every step

function on [o, bl is Riemann Integrable.

Test the convergenc" or j fr a".23.

c 21070

(10x4=40marks)

22.

a,'

24.

25.

? k+g\d*
Evaluate 

J e _u(,,n

Prove that fia J = nG .

'@

Prove that fi= !"-n 
r'*^Ot .26.



\-' B c z..o,o

Saarlina tllSection C

Answer any six questians.

Each questipn camies 7 marks.

27. State and prove Intermediate value theorem.

28. lf f eR [o, b], then prove that f is bounded on la, bl.

29. lf f :la,bl-+ B is monotone on [o, b], P. T. f e R la,bl.

30. If /: A +.R is uniformly continuous on AgR and if (rr) is a Cauchy sequence in A, then prove

that /(r") is a Cauchy sequence in R.

'wn
31. Discuss the convergence of the sequence (f"<"1), where f,@) = ; -, 

xel}, 2i.

32. State the neeessary and sufficient condition for sequeoce (f,) to fail to converge uniformly on

1C

A,CR to f, Use it to test the uniform convergence of"(f,(r)), where f,@) = = , tr, =R.

33. If (4) r"d (g,) *""uniformlyconvergentsequencesonAcR,isitrimplyth"t(f,)(g")iruniforurly

convergent on A ? Justifr by an example.

34. State and prove the product theorem on Riemann Integration

BE. Provethat p (m,n)=FE**r, yrn,n>0.

.. (6x7=42marks)

Section I)

Answer ony two questians.

Each question carrics 13 marks.

86. (a) State and prove the Cauchy criterion for uniform convergence of a sequence of functions.

(b) Discuss the convergence of f,k) = tr1 , *e[0, 1].

37. (a) Stat€ and prove uniform continuity theorem. '

' 
(b) Test the uniform continuity of f(*) =.fi , x ell,2l.

Turglr over



38. (a) ,T* t,he integral (' "^o* cosq x d* imterins of Beta.function ; Henee fid the value of

( r*6rcosdrdr.

,..} 4:'
\

c ardd

,1
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SDffH SEMESTER B.Sc. DEGB,EE EXAMINATION,

(UG-CCSS)

Core Course-Mathematics

MM 68 Og-REAL ANALYSIS

Time: Three Hours

part A

Answer all questions.

1. When we say that f is uniform continuous ?

2. State maximum minimum theorem.

Define B (m, n) ?

State a relationship between Beta and Gamma functions.

6.

b

lr3.

4.

b-

7.

8.

11.

L2.

Maximum : 30 Weightage

b

If f (x)< g(r)V, efa,blthen what is the relation connecting f anO
a

Find the norm of the partition P = {0, 0.5,2t,8.5, 4} of [0,4].

Give an example of a function f which is not Riemann integrable.

b.
By the first form of fundamental theorem of calculus, show that !d: =i@' -"') .

o'

Define uniform convergent sequence.

State Weierstrass M test for uqifor4 eonvergence o{a sequence.

Find cPv " _!-*

Define absolute convergeRoe 
", 

jft') d'x,f eRla,sl.

9.

10.

(!2x r/e = 3 weightage)

Turn over
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c 1742

18.

L4.

15.

16.

17.

2 t''

Part B (Ahswer all Questions)

State Boundedness theorem.

If f is a uniformly continuous function defined on A and if (%) is a Cauchy sequence in A then
'prove that f (*o) is a Cauchy tpquence in R.

Give an example of a step fulctio:r.

lf h (x) = :tr, x € [0,1] then prove that I e [0,1]

lf f e R [o, bl,k c Rprove thatkf e B [o,b].

18. Find fi^i.'*-,reR.
n

le. shor' uh"t 
ir+ 

d'x =L

20. Define.conditional convergence.

-%
2L. Find d*

.(g x 1,= I'weightage)

Paft C

Answer ony frve Qwstions.

/2. lf f z la,bl+ B is a continuous fuactioh and if f(o) < & <'f (6) then provb thhtfiEho- ** cin (o,b)

such that f k) = k.

Show that / (r) = (t-1) (x-Z)(r-3) @-4)(t-6).,h* five noots in tlre intenal [0,,,.

Show that every uniformly continuous function need not be Lipmhitz function.

If f is a monotone function then prove thatf e R [o,DI.

26. If f is a positive non ihcreasing functibn on [1, o] then prwe that

@

Jrt") dr converges
1

I
n=1

f(r)drrainturges if

2('-r)
0

28.

24.

25.



a
I

-

27.

28.

c t742

(5x2=,10weightage)

(2x4:=Sweightage)

29;

80.

81.

@r
SI

Show y* *r7 converges.

@

hove urtt i'-* xo-rd*=# 
.

0

Part D

Answe:r ony ttto Qu.estibtts,
..

Explain bisection method to find the root of a function.

State and prove Cauch/s criterion for a function f e R la,bJ.

Pnove that (a) B (m,n) = B (2r nz) (b) ,%=J; .

I*-, ,-)

l
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fime : Three llours

STXrII SEMESTER B.Sc. DEGREE EXAMINATION,

(u.G.-ccss)
-:ir'

Core Course-IV[athematics

MM 68 Og_REAL AI{ALYSIS

Part A

Atwwer dI! questiorc.

Maximum : 30 Weightage

converges tueo J$- f (r) = o'

(l2xYt=Sweightage)

Turn over

1. State Maximum Minimumtheorem.

2. Give an example of a unifom continuous fundtion.

3. Define norm of a partition.
.=

4. lllhen is a function f :[ebl -+R is Rierirann integrable ?

5. Defi!€ primitive off.

6. ff r=r=[c, d,lclool and ei (,)={r,,:;ilr- rr*a ! 
ei r

x7. Showthat -=0,VreR',n

8. Evaluate lim m 
=.

r + 1ro1z'

Find the radius of convergence of Z t '

Define improper integrd.

6.

State True or false. *Iff is continuous on [1, 6) ,od it I f @)e
I

9.

10.

11.

L2. Ttlhat is B (nz, z) ?



13.

L4,

15.

'2
Part B

Define Lipschitz function.

State an prove Bolzano's intermediate value theorem.

Show that every constant futietioa on,[o,{isa{ii, a].

b

Using First fom of tundamentat theorem pnove that j r'd,x =f,1f' - r').
'r .. -.' o

\-c"
j.-::

c80026

.;J

lf f" {r) = $n , x e [0, t], check whether fi (r), coaye.rgps to zero unif.oryly.

If (fr) is a sequence of continuous. functions converging uniformly tb f, prove that /is continuous.-

16.

L7.

18.

19. showthat J f.a- diverges.

.

20; Define Gamma function.

2L. Show that B (1uo7=11o.

(9x1=gweigbtage)

Part C

Answer ony ftve que*ions.

22. fff and g are unifom continuous on a subset A of R, then prove tt-t 1* gis uniformly continuous
onA. 

.

28. Show that f (r) = nei - 2 has a root in t0,11.

24. lt f eR [o, b]then prove that f is bounded on [o,6].

2;8. If j f (r)la, converses absolutely then prove rh* j f @le converses.
a@



\,

til-
27. Showthat J;& diverses.d'
28. Prove the reflrrrence formula for garnrna function

c 80025

(5x2 = l0weightage)

:2x4=Sweigbtage)

Part D,

Answer ony two euestians.

29. StateandproveSqueezetheorem.Alsopmvethatastepfirnction g:[o,D]-+R isin R lorbl.
80. sqs' and prove cauch/s^cr{terion for uniform convergenee

Bt. Show that j #dr and ! *& u"conversent.
o ,lL' x" o
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Name.

Reg.

SDTTH
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SEMESTER B.Sc.. DEGREE D(AIIIINATION, MABgilil
(U.G._CCSS)

Mathematics

I![M 68 Og--REAL ANALYSIS

Time: Three Hours Maximum : 80 Weightage

Part A

Answer all twelve questions.

1. Give an example to a function such that every point of R is both an absolute maximum and an
absolute minimum for this function.

2. Define Uniform continuity of a function in an interval I.

3. State the location of Roots theorem.

4. Find the norm of the partition :

p : =(0, 1, 1.8, 2,g.4, 4) .

5. State True orFalse :

'If f t Rfa,b),then f is bounded on fa, bl".

6. Give an example to a function which is not Riemann integrable on any interval.

7 . rt f,(x) =los(x / n), show rhat lim (/n (r)) = 0.

8. State a necessary and sufficient condition for uniform convergence of 
{ f, } , a sequence of bonded

functionson AcR.
9. State Cauchy criterion for the uniform convergenc e of lfJ(x) on D c R,

10. Give an example of an improper integral.

11. Define Gamma function.
:

L2. State True orFalse :

p(m,n)=W
lmn

(L2x Ya = 3 weightage)

Turn over
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13.

2

Part B

Answer all nirre questions.

Define Absolute maximum and Absolute minimum of :

f:A-+R;AcR.
State intermediate value theorem.

Show that f (r) = & is Riemann integrable on [o bJ.

If f and g are in R [o, 6], show that f + g eR[o,b] .

L4.

15.

16.

L7. Use fundamental theorem of calctrlus to evaluate !
b- I-_;- dx

x" +l

18.

19.

20.

21.

Let g!n@) =+ for z ) 0,2 e N. Examine the relation between tim(s,) r"a fi-(sl).

- cos0
show that IT is uniformly convergent for all real values of 0,p > 1.np

@6b

If If .ou Iu oorn converges, show that l(t * s) converges.
ao

(9x l=gweightage)
part C

Answer any frve from seuen questions.

L€t I be a closed bounded interval and let f :l -+H be continuous on I. Prove that/(I) is a closed
bounded intemal.

Define a Lipschitz function. Also prove that a Lipschitz function f : A -+ R is uniformly continuous
on A.

^, \ [* + 1; when r is rational
consider the tunctio" f (') = 

t- ;; *h;;;;r;;;;;i is not Riemann integrable in [0, r].

It f :la,bl-+ R is monotone on [o, b] prove that f e R[o,b].

22.

23.

24.

25.
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Fi-:; :

t-ty" *"\. \ .,,
.1^ .6140. UIIOW fifat - n l - 9. \ nnnrrarlm al'o^I,.+^t-. ^-l --:.::. ., 

:= --,-r ne:(La;{ convergF,absolutely anrl uhiforrylr.for arl reais ifp > 1.

+:@

z?. D,efine cauchy principal varue or, ii:(rlJ. 
^ro 

evaluate it for 

.fsinrdr

-6

28. Proverr* [ =G.

8o' (a) If f e R[o,b] and ] is real mmber prove that &f is in R[a,b].

(b)

8!.''(E).

(b)

t..

' ,,, ,, $xz=:loweightage)
"' .,. '.' ' ,:

$i*wer,aiy i'from three'q*stiar*.
(a) tet'Itre'a* rvalandlet /:I-+R beeontinuousonr.provethat'F{Disaninterval.

&) Prove that sin * is uniform$ continuous on [O,oJ

-6

to

1
l

l
I

I
I
J

I

j
'i
l

4
J

l
l
l

I
I,1

I'l
;
l

4
._l

l

3
:
-1.;

l

l
t.'.\
l
l
I

rr1.P l-=+.:$3o.+-tplo11s,on{g, bJ,theaprov,e,t@t f eR[o"6]:., ., ,, ,-
State and prove Weirstrass M,test. b

: @ t ;ll-l

P"* trrat J(a-r) xo-rdx=a
0

n).

(?x 4:='8 weightage)

.l j
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Maximum : 30 Weightage

I
8 Show that fn@)= x+n

Part A

in uniformly convergent in [0, bJ ; b > 0.
J

./\ ' {rE \
2 Does 4 sin* =* has apositive solution in | ;,?t l.\z )

3 Give an example to a uniformly continuous function on,J0,,bl ; 6 > 0.

4 Find the no.rm of the partitionp : = (0, ?,3,4). I

5 Give an example to function which is Riemann integrable in [o, b].

6StateTrueorFalse"Everycontinuousfunctionisintegrable"..,.;.
7 Define point-wise convergence of a sequence of function {f.f{l.

I

0

1

1

1

Define uniform norrR of a bounded function $ on Ag R and $:A-+R"

Define an improper integral.

11 Define Beta function.

L2 If z is a positiVe integer value of fr + t is

(l2xr/E=Sweightage)

' j ',

SDruH SEMESTER U.G. DEGREE HGIVIINATION, IVIE&CTT 2013
(CCSS)

Mathematics '

MM 6B Og-REAL ANALYSIS

Time : Three Hours

Answer all twelue questions :

1

1 State True or False " f @) =:

on the set (0, oo) ".

has neither an absolute maximum nor an absolute minimum

Turn over



(9x1=9weightage)

,:ri...:-'
Answer any five quest{bns from T. ! ,. , ,-

22 State and,prove Intermediate value theorem. ' ' :

23 Define a Lips.chitz function. Also prwe that a Lipscliitz function y': A + R is uniformly
continuous on A.
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I

t

I

I

i

I

t'

a.

o-u

24 Shov that f (n) = x2 is Riemann integrable on [0, ft].

25 If f :[a,DJ + R is monotonic on [a b] then prove that f e R [a, b].

c 40394

(5x2=l0weightage)

{2x4=Sweightage)

27 If I l/(r)l6ly converges, show that
'a

28 Using Beta functiolls prove thal :

'!t ,-r e
a'

convergesi

l'tr

| *' drr'f-L= LJ'lr4J6{l-n" 6tlt+na 4J2'

29

Part D
Anpwer any Wo from, four,questi.ons.

k)-.1f,re}l';.='h' al.he'aelosed rounded.,interval and Let f :,I-+n m.ontinuois oo r

(b) Define a;step function'and give an example. ,, ,, ,.',

Prove that iff is Riemann integrable on [o, b] then it is bounded on [a, bl.

€ sinrrv
3'1, (a),1 test fo:r uniform convergen." 

? 6 forp > 1.

: ,-J
O:

.a
Prove ** 

{r-* 
x'-1 dx=#;where@)0, n>0.

sb

(b)

[*-


