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then the value of the lower Riemann integralf d is 
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=0,,..., =1 be the partition, n'n 

1 

1 

2. For any two partitions P1, P of the domain of a bounded function f 

(d) None of the above 

1x10=10 

(b) LÊP1,f) <UP, ) 

(d) UP2, f) s LP, f) 

| Contd. 



3. Iffand g be two positive functions such that f(x) sg (x) Vxe (a, b], then 

(a)g dx converges iff dx converges 

(b) dx converges if g dx converges 

(c) dx diverges if [g dx diverges 
(d) None of the above 

4. The value of the improper integral 

(a) 

(c) 

/543 

is 

Jo 

is log 

(a) 

5. The value of the improper integral e* cos x dx is equal to 

2 

4 

6. The value of the improper integral 

-e0X 

2T 

b 

(a? -b2 

(c)a2-b2j 

dx 

() is log 
(d) does not exist 

2 

(b)e 

dx 

Jon+bcos x 
(b) 

2 

(d) 

4 

if a is positive and |b|<a 

2T 

(a2 -b23/2 

(a?-b32 

Contd. 



7. The value of the double integral 

(a) 0 

8. The 

x= at, y = 2at, Osts2, is 

(a) 

(c) 

1 

6 

value of the integral 

-

/543 

6 

(a) Mn ’0 as n ’0 

(b) Mn ’ oo as n ’0 

(c) M,n ’0 as n ’ oo 

(d) None of thc above 

(b) 

(d) 

dx 

9. By Mn-test, the sequence U) converges uniformly to f on (a, b] if and 
only if 

(d) uniformly convergent in 0, ) 

dxdy is 

10. The sequence of function given by fn(x) = 

3 

wherc 

(b) log 4 

(d) log 2 

X+n 

C 

is 

(a) uniformly convergent in (0, k<, whatever k may be 

(b) only pointwise convergent in (0, k], whatever k may be 

(c) non-convergent at all in [0, k], whatever k may be 

the Curve 

| Contd. 



(SECTION 
: 
B 

SHORT 

ANSWERS 
) 

( Marks: 15) 

3x5=15 

Answer 

the 

following 

questions 

UNIT-I 

1. 
If 
a 

functionf 
is 

monotonic 
on 
la, 

bl, 

then 

prove 

that 
it 
is 

R-intcgrable 
over 

[a, b]. 

OR 

2. 

Letf 
be 
a 

real-valued 

function 

defined 
by 

1, 

when 

xis 

rational 

number 

f()=1 

when x is 

irrational 

number 

Prove 

that 

is 

R-integrable 

on 

any 

interval 

a, 

b) 

whilc 
f 

is 

not 

R-integrable. 

UNIT-II 

3. 

Using 

Dirichlet's 

test, 

prove 

that 

is 

OR 

4. 

Prove 

that 

the 

improper 

integral 

d 

converges 
at 
a 
if 

and 

only 
if 
to 

every 

[>0, 

there 

corresponds 

8>0 

such 

|a+1 

UNIT-III 

5. 

Establish 

the 

uniform 

convergence 
o1 

the 

improper 

integral 

Jo 

, 
(0 

<csy 
sd) 

| Contd 
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convergent at co, 

that 



OR 

2.2 d 

=e 
m. 

Prove 

coS mx 

xl + 

Jo 
6. Given that 

UNIT -IV 

7. Show that 

2 JaJoydydx = 
OR 

taken 

along 

thc 

circle 

8. 

Show 

that 

l(x-y)° 
dx + 

(x-ydyl] = 

3na, 

x+ 
y 

=a 

in 

the 

counter-clockwise 

sense. 

UNIT V 

9. 

Prove 

that 

the 

sequence 

fax) 
= 
x* 
is 

pointwise 

convergent 

on 
0, 
1] 

and 

evaluate 

the 

pointwise 

limit. 

OR 

is 

uniformly 

convergent 
in 

any 

interval 
[0, 

b], 

where 

n 
X+ 

10. 

Show 

that 
fn 
(x) 
= 

b>0. 

( SECTION : 
( 

Marks 
: 
50 
) 

10x5-50 

Answer 

the 

following 

questions 

UNIT-I 

5 

1, 
(a) 

Prove 

that 
a 

nccessary 

and 

suliicient 

condition 

for 
the 

integrability 
of 

bounded 

function 
f 
is 

that 

to 

every 
e 
> 
0, 

there 

cxists 
a 

corresponding 

8>0 

such 

that 

UP,f)-L(P,f) 
<e 
for 

every 

partition 
P 
of 
la, 
b] 

with 

norm HP)< 6. 

| 

/543 

that 

dx 

=a 

-e-m). 

2a 

C-DESCRIPTIVE ) 

Contd. 



(b) 

Making 

use 
of 

the 

Riemann 

sun 

S(P, 
f), 

show 

that 

5 

wheref(x) 

=3x + 
1. 

OR 

g 
dx 

both 

exist 

and 

g(x) 

keeps 

the 

same 

sign 

over 

|a, 
b], 

then 

prove 

that 

there 

exists 
a 

number 
u 

lying 

between 

the 

bounds 
of 
f 

such 

that 

b 

dx and 

r 

2. (a) If 

5 5 

(b) 

Compute 
the 

value 

of,f 
dx, 

where 

f(x) 
x 
by 

dividing 

the 

interval 

-L1] 

into 
2n 

equal 

sub-intervals. 
UNIT -II 

2%+2h=5 

3. 

(a) 

Examine 

thne 

convergence 
of 

the 

following 

functions: 

dx 

1+ x/3 
(i)tanl 

(b) Show that 

dx 

sin x 

5 

converges 

absolutely 
for 

p>1 
but 

only 

conditionally 
for 

0<p<l. 

OR 

4. 

(a) 

Prove 

that 

he 

integral 
e*dx 

5 

is 

convergent 
if 

and 

only 
if 
n 

>0. 

Contd. 

1543 



b) 
If 
x) 
is 

bounded 

and 

monotonic 
in 
(a, 
oo) 

and 

f(x)dx 
is 

convergent 
at 

5 

oo, 

then 

prove 

that 

f 

(x)x)dx 
is 

convergent 
at 
o, 

UNIT-III 

5 

5. 
(a) 

Prove 

that 

uniformly 

convergent 

improper 

integral 
of 
a 

continuous 

function 
is 

itself 

continuous. 

(b) Show 

5 

logla 

cos² 
e+ 
b2 
sin 

8)d9 
-; 

OR 

5 

in 
(a, 
b; 
G, 
d]. 

Prove 

that 
is 

derivable 

and 

'(y) 

=S(x, 

o(y) = 

f(x, 
y) 
dx 

b 

5 

1s 

continuous 
in 
C, 

d]. 

UNITIV 

7. 
(a) 

Evaluate 

the 

integral 

x+ ldxdy 

8 

5 

by 

reversing 

the 

order 
of 

integration 

with 
a 

rough 

figure. 

(b) 

Show 

that 

ifO<h<1 

=0 

h 

where 
f(x, y) 

=y-x2 

5 

(y²+x22* 

But 

| Contd. 
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that 

y)dx 

ye 
[c 
d]. 

6. 
(a) 

Let 

oly) 

=f, 

y)dx, 
is 

continuous 

and 
f, 

also 

exists 

and 

continuous 

(b) 

Prove 

that 

the 

function 

2 



OR 

8. 
(a) 

Change 
the 

order 
of 

integration 
in 

the 

integral 

edy 

((+eyl-x-y 

5 

and 

hence 

evaluate it 

with 
a 

rough 

figure. 

(b) Prove that 

5 

but 
the 

value 

changes 
its 

sign 
as 
the 

order 
of 

integration 

interchange. 

UNIT -V 

5 

[0, 
o. 

Also 

show 

that 

the 

convergence 
is 

uniform 
in 
[k, 
oo, 

where 
k 
is 

9. 
(a) 

Show 

that 

fa() 
=e 

is 

pointwise 
but 

not 

uniformly 

convergent 
in 

any positive number. 

that 

such 

to 

converge 

uniormly 
to 
f 
on 
(a, 
b] 
if 

and 

only 
if 
to 

each 

[>0 

and 

(b) 

Show 

that 
a 

sequence 
of 

function 

{Sn(x)} 

defined 
on 
[a, 
b] 
is 

said 

exists 

there 

integer 

5 

an OR 

10. 

(a) 

Show 

that 

the 

series 

1 

+nt? 

(b) 

Examine 

the 

term-by-term 

integration 
of 

the 

series 

whose 

sum 
to 

first 

n terms is 

is 

24G-220 

8 

/543 

ISn+pl)-Sn)|<EVn2 m, p21. 

Vxe a, b], 
uniformly 

convergent 
tor 
all 

values 
of 
x 

and 

that 

the 

derivative 
of 
the 

Sum 

with 

respect 
to 
x 
1s 

given 
by 

term-by-term 

differentiation. 
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MATH/VI/CC/10 

2024 (CBCS ) 
6th Semester ) MATHEMATICs 

TENTH PAPER 

(Advanced Calculus ) 
Full Marks: 75 Time: 3 hours 

The 

figures 
in 
the 

margin 

indicate 
full 

marks 
for 
the 

questions 

SECTION : 

A--oBJECTIVE ) 

(Marks: 10) 

1x10=10 

Put 
a 

Tick 

mark 

against 

the 

correct 

answer 
in 

the 

boxes 

provided : 

-Bo-1be the partition, 

1. 
If 

f(x) 

=x 

over 
[0, 
1] 

and 
P: 

then 
the 

value 
of 
the 

lower 

Riemann 

integral 

S 
dx 
is 

(b) 

3 

(a) 

None 
of 

the 

above 

(c) 
2. 

For 

any 

two 

partitions 

P1, 

PT 
of 

the 

domain 
of 
a 

bounded 

function 
f 

L(Pi, 
f) 

<UP2, 
) 

(b) 

(a) LIP;, f)sUP2,f) 

(d) 

UP. 
f) s 

LIP, 
f) 

(c) LIP2,f) 

| 

1 

/543 

sUP,, ) 

Contd. 



3. 

Iffand 
g 
be 

two 

positive 

functions 

such 

that 
j 
(X) 

Sg 
) 

Vxe 
[a, 

b], 

then 

(a) 

gdx 

converges 
if 

dx 

converges 

dx 

converges 

ifg 
dx 

converges 

(c) 

dx 

diverges 
if 

g 
dx 

diverges 

(d) 

None 

of 

the 

above 

4. 

The 

value 
of 

the 

improper 

integral 

eoo e ebx 
dx 

(b) is 

(a) is log 

does not exist 

(d) 

cos 
LX 
d 

is 

equal 

to 

5. 

The 

value 
of 

the 

improper 

integral 

e 

2 

2 

(a) 

4 

2 

(a) 

4 

e 

if 
a 
is 

positive 

and 

|b|<a 

6. 

The 

value 
of 

the 

improper 

intega 

Joa + 

bcos 
x 

1S 

2T 

(a? -b3/2 

(b) 

(a?-b2j/2 

(a) 

(a?-b'32 

(d) 

(a2 -b2'/2 

(c) 

[ Contd. 

2 

/543 



The 

value 
of 

the 

double 

integraldxdy 
is 

x+y (b) -

(a) 0 

2 

(d) 

( 

CurvC 

the 

is 

where 

dx 

integral 

the 

of 

value 

8. Thc 
x= 

at, 
y 

=2at,0sts2, 
is 

(b) log4 

(a) 

log 2 

1 

(c)6 

9. 
By 

Mn-test, 
the 

sequence 

{n} 

converges 

uniformly 
to 
f 

on 
(a, 
b] 
if 

and 

only if 

(a) 

Mn 

’0 
as 
n 

’0 

(b) 

M, 
’ 
oo 

as 
n 

’0 

(c) 

M, 

’0 
as 
n 
’ 
o 

(d) 

None 
of 

the 

above 

1S 
x+n 

10. 

The 

sequence 
of 

function 

given 
by 

,(x) = 

(a) 

uniformly 

convergent 
n 

(0, 
k, 

whatever 
k 

may 
be 

(b) 

only 

pointwisc 

Convergent 
n 

|O, 

k, 

whatever 
k 

may 
be 

non-convergent 
at 

all 
in 

(0, 
k], 

whatever 
k 

may 

be 

(c) 
(d) 

uniformly 

convergent 
in 

(0, 
co) 

| 

3 

/543 

Contd. 



( 

(Marks: 15 ) 

3x5-15 

Answer 

the 

following 

questions : 

UNIT-I 

1. 
If 
a 

function 
f 
is 

monotonic 
on 
[a, 

b], 

then 

prove 

that 
it 
is 

R-integrable 

over 

[a, b]. 

OR 

2. 

Letf 

be 
a 

real-valued 

function 

defined 
by 

1, 

when 
x 
is 

rational 

number 

J(x]=_1 

when 
x 
is 

irrational 

number 

Prove 

that 

|l 
is 

R-integrable 

on 

any 

interval 

[a, 

b) 

while 
f 

is 

not 

R-integrable. 

UNIT-II 

3. 

Using 

Dirichlet's 

test, 

prove 

that 

is 

convergent 
at 
oo, OR 

4. 

Prove 

that 

the 

improper 

integral 

d 

converges 
at 
a 
if 

and 

only 
if 
to 

every e > 
0, 

there 

corresponds 

8>0 

such 

thatf 

d<e, 0 

<A, 
g 
<8. 

Ja+À2 |at] 

UNIT-III 

5. 

Establish 

the 

uniform 

convergence 
of 

the 

impropcer 

integral 

Jo 

2 
d, 

(0<csys) 

| 

/543 

SECTION : 

BSHORT 

ANSWERS ) 

Contd. 



OR 

poo Sin mx 

Iema, 

Prove 
that 
, 

2a 

dx = 

COS mX 

, Gien 

UNIT--IV 

1. Show that 

OR 

l(x-ydx + 

(x-yi 
dy] = 

3na, 

taken 

along 
the 

circle 

8, Show that 

&+y 
=a 
in 
the 

counter-clockwise 

sense. 
UNIT -V 

9. 

Prove 

that 
the 

sequence 

fn()= x 
is 

pointwise 

convergent 
on 
(0, 
1] 

and 

evaluate 
the 

pointwise 
limit. 

OR 

is 

uniformly 

convergent in 

any 

interval 
(0, 
b], 

where 

x+n 
1 

10. 

Show 

that 

fn)= 

b>0. 

| 

SECTION : 

C-DESCRIPTIVE ) 

(Marks: 50 

10x5-50 

Answer 

the 

following 

questions : 

UNIT-I 

bounded 

function 
f 
is 

that 
to 

every e 
>0, 

there 

eXists 
a 

corresponding 

1. 
(a) 

Prove 

that 
a 

necessary 
and 

suiicient 

condition 
for 
the 

integrability 
of 

5 

5 
>0 

such 

that 

U(P, 
f) -

L(P,j) 
<e 
for 

cvery 

partition 
P 
of 
la, 
b] 

with 

norm aP) <0. 

| Contd. 

5 

/543 

that Jo 2+2 



(b) 

Making 

usc 
of 

the 

Riemann 

sum 

SP, 
f), 

show 

that 

11 
2 

where f(x) =3x+1. 

OR 

f 
dx 

and 

g 
dx 

both 

exist 

and 

g(x) 

keeps 

the 

samc 

sign 

over 

|a, 

b], 

then 

prove 

that 

there 

cxists 
a 

number 

lying 

between 

the 

bounds 
of 
f 

such 

that 

2. (a) Ir 

5 

(b) 

Compute 

thc 

value 

offdx, 

wherc 

f(x) 

|x 
by 

dividing 

the 

interval 

[-1, 
1] 

into 

2n 

equal 

UNIT-II 

2h+2/-5 

3. 

(a) 

Examine 

the x -1 
(0 2x d x tan x 

(b) Show that 

x 

x 

5 

converges 

absolutcly 
for 

p>1 

but 

only 

conditionally 

for 
0 

<p<l. 

OR 

4. 

(a) 

Prove 

that 

the 

integral Se*dx 

is 

convergent 
if 

and 

only 
if 

n>0. 

Contd. 

6 
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sub-intervals. 

convergence 
of 

the 

following 

functions : 



at convergent 
5 

then 

prove 

that 

f(x)x)dx 
is 

convergent 
at 
. 

UNIT -II 

5 

6. 
(a) 

Prove 

that 

uniformly 

convergent 

improper 

integral 
of 
a 

continuous 

function 
is 

itself 

continuous. 

(b) Show that 

5 

log(a? 
cos? 
8+ 
b² 
sin² 
9jde � 
rlog 

OR 

5 

in 
(a, 
b, 
, 
d]. 

Prove 

that 
is 

derivable 
and 
'y) 
= 

fx, 

y)dx 
Vy e 
[c, 
d]. 

6. 
(a) 

Let 
oly) 
= 

fx, 

y)dx, 
is 

continuous 
and 
f, 

also 

exists 

and 

continuous 

(b) 

Prove 

that 

the 

function 

b 

5 

is 

continuous in 
c, 

d]. 

UNIT-IV 

7. 
(a) 

Evaluate 
the 

integral 

iNat+1dxdy 

8 

5 

by 

=0 

h 

y-x 
(y +x2 

where 

f(x, 
y) 
= 

But 

| Contd. 

7 
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is 

o) 
(a, 

and 

bounded 

mnonotonic 
in 

and 

f(x}dx 

b) 
If 

x) 
is 

2 

reversing 

the 

order 
of 

integration 

with 
a 

rough 

figure. 

(b) 

Show 

that 
if 
0 

<h<l 

[h 



1 

OR 

8. 

(a) 

Change 

the 

order 
of 

integration 
in 

the 

integral 

edy 

1+ei--y 

5 

and 

hence 

evaluate 
it 

with 
a 

rough 

figure. 

(b) Prove that 

o lo (x+y) 

5 

but 

the 

value 

changes 
its 

sign 
as 

the 

order 
of 

integration 

interchange. 

UNITV 

5 

[0, 

o. 

Also 

show 

that 

the 

convergence 
is 

uniform 
in 
k, 
, 

where 
k 
is 

9. 
(a) 

Show 

that 

f,(x) 
= 
e 
x 
is 

pointwise 

but 

not 

uniformnly 

convergent 
in 

any positive number. 

to 

converge 

unitormy 
to 
j 

on 
|a, 
b| 
i1 

and 

only 
if 

to cach [ 

that 

such 

integer 

an 

5 

OR m, p 21. 

Ifntp (x)-Sn(x)|<eVn 

10. (a) Show 

5 

is 

uniformly 

convergent 
for 
all 

values 
of 
x 

and 

that 

the 

derivative 
of 

the 

(b) 

Examine 

the 

term-by-term 

integration 
of 

the 

series 

whose 

sum 
to 

first 

Sum 

with 

respect 
tO 
X 
1s 

given 

by 

term-by-term 

differentiation. 

n terms 1s 

5 24G-220 

8 

/543 

> 0 and 

(b) Show that 

a sequence of 

function (fax)} 

defined 

on 
[a, 
b] 
is 

said 

exists 

there 

Vea, 
b], 

that the series 
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