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Question 1

/ sin(2026x) sin®"** x dx

[Proposed by Rahul Ganguly (BStat 3rd year)]
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\

sin(2026x) sin?*! z dx

= / sin(2025z + z) sin?"** z dx

/(sin(2025m) cosx + cos(2025z) sin z) sin®*** z dx

— / sin(2025z) sin?"**  cos x dx + / c0s(2025x) sin?% z dx
=I5+ 1

= /sin(2025x) sin?9%4 x cos x dz I = /COS(2025x) in2025 o Jr
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Evaluation of 1,

L = / sin(2025x) sin?*! 2 cos x dx

u = 8in(2025x), dv = sin?9%4

T cos T dx

:.,2025
du = 2025 cos(20252) dz,  v= o

2025

Ilzuv—/vdu
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1=

sin(2025x) sin?9%% g

- . 2025
2025 /cos(2025x) in2025 o d

sin(2025x) sin202° 5,
Il + IQ = ( )

2025 - / 0s(2025z) sin?*%® z dx:
+/COS(2025x) in2925 o

in(2025z) sin2025
/Sln(20261‘) Sln2024$dx _ Sln( x) = .

2025 +C

«O> «Fr <>



—— End of Solution 1 —
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Question 2

2026
/ )
0

sin(7x)| do

(Proposed by Archisman Mukhopadhyay (MStat 2nd year)j
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First we observe that, |sin(mz)| is periodic with period 1

2026 2025 ck+1
Also, / x| sin(wz)|dz = E /
0

On [k, k + 1], substitute

x| sin(mz)|dz

r=k+t, tel0,1]

k+1 1
/ x| sin(rz)|dz = / (k +t)sin(nt) dt
k 0
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1 1 1
/ (k + £) sin(mt) dt = k / sin(rrt) dt + / ¢ sin(rt) dt
0] 0] 0]

Introduce

1 1
Ilz/ sin(7rt) dt, [2:/ tsin(rt) dt
0 0

Evaluation of I

I — cos(mt) 1_—cos7r+cosO_g
P 0 s T

it
v
[
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Evaluation of I,

1
.[2:/ tsin(mt) dt
0

u=t,

dv = sin(rt) dt, du=dt, v= _ cos(mt)
v
! 1
1
= [_tCOS(M)] + / cos(7t) dt
T A
= I 1 [_tcos(ﬂ)}1 1 [sin(mﬁ)]
" T m W T 3
1
=L ==
v

CO> AFr AEr

it
v
[

DA



e 2 1
So, / x\sin(wx)|dg;:]g.f_|_7
k T

k+1 % + 1
= / x| sin(rz)|dx = -
k ™

2026 | 2025
i dr=—=> (2k+1
So, /0 x| sin(nz)|dz - Z( +1)

k=0

2025 2025

> (2k+1) =2 k+ 2026 = 2026”
k=0 k=0

2026 2
202
/ x| Sin(ﬂx)’ dr = 6
0

«CO> «F>r <> <«
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—— End of Solution 2 —
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Question 3

> In(1
/ n(l+ x) ”
0

73/2

[ Proposed by Soham Gondane (Bstat 2nd year)]

E 9aAe



dx
= In(l du =
u=In(l4+2z) = du .

dv=3"dy = ov=-20"1/7

R
0} 23/2 i

Boundary term:

4O> B> G= D4

fQe



Remaining integral:

/OO J 2/°° dx
— vdu = -
. ) Vel +3)

Let z = ¢? = dz = 2tdt, vz =1t

:4/ dt
1+ t2) 0

1+t
= 4 [arctant]y’ =4

/oo In(1 + z)
J0

32 dr = 27

T
. =9
5 T
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—— End of Solution 3 —
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Question 4

1
1
/ dx
0 (

1 4 2?)4

[ Proposed by Ayush Baran Sen (BStat 3rd year)]
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/1 dx
o (
Let

1+ x2)
xr = tant

= dz =sec’tdt, 1+ 2% =sec’t
When z =0, t = 0; Whenmzl,t:%
Hence,

/1 dx

o (

/”/4se(:2t
1+.’132)4 a 0

/4
dt = / cos® ¢ dt.
sec8 ¢ 0
16

1 3 1
cos® t = —+3—26082t+—0084t+—cos6t,

Using the identity

16 32

«A4O0» 4 F»r «E»



we get

w/4 w/4
/ cosﬁtdt:/ g
0 0 16 ' 32

&
+ — cos 2t + 6 cosdt + — c086t
Integrating termwise

)
)
16 64

3 1 /4
t—i—sm2t+64$1n4t+msm6t] .

0

«40» 455 » «E»
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e in ~ i . 3m
sm§ =1, sinm=0, sin— =—1,

2
we obtain

/1 dx 5 7r+15 1 _57T+11
T+ 16161 192 o4t

/1d‘”_57r+11
o I+22)% 64 ' 48

4O> 4F> CEH L

it
v
[

fQe



—— End of Solution 4 —
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Question 5

/m[(g;—1)<x+3)(x—2><x—6>+96} da

[Proposed by Rahul Ganguly (BStat 3rd year)]




First observe that, (z — 1)(z — 2) = 2> — 3z + 2,
(z+3)(z —6) =22 — 3z — 18
(x —1)(z +3)(z — 2)(z — 6) + 96 = (22 — 3z + 2)(2? — 3z — 18) + 96

Let,a = z? — 3z

So the expression becomes,

(a+2)(a—18) + 96

= a® — 16a + 60

= (a—6)(a—10)

= (22 — 3z — 6)(z? — 3z — 10)
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Now, 22 32 —6= (az—3+\/§

3—V/33
2 Ty ’
2? — 3z —10=(z — 5)(z +2)

Inl(z — 1)(a + 3)(z — 2)(x — 6) + 96] = In(x — 23 4 In(z - 2=f5)

+1In(z — 5) + In(z + 2)

As,/ln(a:—a)dx:(m—a)ln(x—a)—(m—a)—i—C

= vaAr



(
<x

+(z —5)In(z —5) +

+

(x +2)In(z +2) —

/m [(z —1)(z+ 3)(z — 2)(z — 6) +96] d

3+r> <

3+\/§>
2

=)o(-)

dx + C

E 9aAe




—— End of Solution 5 —
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Question 6

sin(mz)  6x"  8x°
2016 + -+

/ 2 ¢ T dr

—2016 r°+1

[Proposed by Ayush Baran Sen (BStat 3rd year))

« O A« »
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Split the integral into three parts

I=hL+1L+13

11:/2016 sin(mzx)

dx
_2016 €(z® + 1)

/-2016 6%7

———d
_2016 €(z5 + 1) !

/2016 833‘2

—  _dz
_2016 T(x0 + 1)

S

I3
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Parity analysis

sin(rz) is odd, 2«7 is odd, 2 is even
25 + 1 is even

=1 =0,

b =0

Evaluate the remaining even integral
I3

:2/2016 82
1} (

d
z6 +1) *

A4O> 4F P> «E» «



3

)

Substitute t = dt = 32°dx

16 [2016° g 16
Iy = o~ ——— = —— tan™'(2016°
330 ) Eyi 3gten (20169

sin(mz) 627  8z?
2016 P = GF —— . 5
e e s -
der = —t 2016
/—2016 g0 +1 * 3 o ( )
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—— End of Solution 6 —
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Question 7

*  x

———dx
o sinhzx

[Proposed by Soham Gondane (BStat 2nd year)]
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Use series expansion for

1

sinh x

sinhz

n=0

o
=2 Z e_(Q”H)x, x>0

So the integral becomes:

|
0

sinh z

dr =2 Z/ re~@ntD)z go
=) 0

«40» «F5» 4
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(0.0
1
Use the formula / re “dr=—, a>0
0 a

:>/ ze~ @tz gy — !
0

(2n +1)2
Hence the series becomes:
0o [e%9)
[ e
0

1
sinh x T 22

2
~(2n+1)

«A4O0» 4 F»r «E»
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o0
1 2
Use the known series 7;) CEENE = %

;(2n+1)2

m_
8 4

Therefore, the integral evaluates to:

A4O» A4 F > « >




—— End of Solution 7 —
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Question 8

> 2
/ex :zjsmed:UJr/ex T COS T2

[Proposed by Ayush Baran Sen (BStat 3rd year)j
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2 2
/e”" a:sm:UQd:U—l-/ex 7z cos z2 dx
2 .,
:/em x(51naz2+7rcosx2) dz
Let
1'2 =1

= dt =2xdx

=N

dt
rdr = —
= 2/ (51nt+7rcost) dt
1
= - (1 +7ly)
2
I :/etsintdt
Integrating by parts

«40» 455 » «E»
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I = €'(sint —cost) — I
=

2L = et(sint _ cost)

= 5et(Sint )
Al el

v /etCOStdt

I = §et(cost +sint)

<O «F» «=>»

<
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v
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I =

N |

1
[et(sint —cost)+ - §et(cost + sin t)]

- 1et((l +7)sint + (7 — 1)Cost>

I=-¢" [(1+7r)sin:v2+ (m— l)cosxﬂ +C

«A4O0» 4 F»r «E»



—— End of Solution 8 —
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Question 1

% ¢int x p
—dx
0

X

[Proposed by Ayush Baran Sen(Bstat 3rd year)]
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00 14
Sin-” x
/ d
(0]

[ sin*
m= |=
i

L7100 * 4sin? z cosx
_|_ -
ax 0 0

T

dw)
D
4
sin® x 70
=, =0
xz Jo
® sint  4sin3 x cosx
= > dx = _——
0 €z 1}

X
x

(Integration by parts: u = sintz, dv =

«40» «F5» 4

dx



. 3 3sinx — sin 3z
sin® x =

4

= 4sin® zcosz

/°° sint
0

d — *° (3sinz —sin3x) cosx
1'2 0

(3sinz — sin 3z) cos

dx
T
 sinx cosx
= 3 _—
0

° sin 3z cos x
dr — —_—
T 1}

i
a
As, 2sin x cosx = sin 2z

and, 2sin 3z cos z = sin4x + sin 2z

«40» «F5» 4



3/°° sin 2x 1/°° sin4x + sin 2z
= = —  dx
0} 0

5 dr — —

7 2 3

“sin(az) , 7
/0 dr = 2 (a>0)




—— End of Solution 1 —
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Question 2

r

o _.10,09.5
10 <ZU7 e 332)—6 T 20 dI
00

[Proposed by Atmadeep Sengupta (BStat 3rd year)j
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_ 10 5 _ (D5 _1)2
— 7 +22° _ oo (z°-1)
Also, 7 — 22 = z%(z® — 1)
= (' —=x

So,/ 10 (27

—00

o
—10@/

a2 — 1)267(1‘571)2031'

2)2 _ 1,4(.%,5 _ 1)2

_ .10 5
T —132)26 42z dx

A4O» A4 F > « >

First observe that, — 2' + 22° = —(:c5 — 1)2 +1



Substitute, u = 2° — 1

o0
/ 10 (1;7 . x2)2 6_1'10+2m5 . eﬁ

<O <> <>

<

Q>



—— End of Solution 2 —

A4O0> 4F > «Z» « > = Q>



Question 3
Let f(z) =3tan ‘o
. —1( 3z—23
g(x)=tan (1_3%2> .

2+/3
/ ) = gl

2—/3

[Proposed by Archishman Mukhopadhyay (MStat 2nd year)j
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= g(x)

g(r) = tan™* ( tan(3 tan ! x))

(USing tan 30 —

3t_t3)
3tan~lz — 7, 3tan~lz € (%,%ﬂ

3tan_1$+ﬂ', Btan—lx - (_

«O> «F > <=

<



1
3tan_1x::tz = % =dE——
2 3

1

0, |z|]<—

Sl —g@l=y e
T, || > —F—=

V3

(Branch cut of tan™! tany)

«A4O0» 4 F»r «E»
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—— End of Solution 3 ——
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Question 4

/ | M@x{f} .

[Proposed by Rahul Ganguly (BStat 3rd year))




I,
[‘/1 2]

{z}=2-1 (1<z<?2)

3
Discontinuities at x = \f, > V3

1,2 =[1,v2)U[v2,H) U3, V3) U [V3,2)

E 9aAe



For x € [1’\@):

[:U2-‘:27 £2$J:2
\/7 —
Il_/1 2($—1)d$:(\/§2 1)2_2_\/§

(:L’jl = 3, LQCUJ .

944/3 — 33
xz*

16

«O> «F > <=

<

3



3 V3
[xﬂ =4, L2$J _
(a:_l)dx:%g/g_Q

«O> «F > <=

<



I:Il+[2+I3+I4

<_‘/§>+24\/§—33

2 [l‘z—‘ {l’} ) _E ﬂ
/1 de_ N

«O> «F > <=

16 +<185_\/§>+<

<

Q>



—— End of Solution 4 ——

A4O0> 4F > «Z» « > = Q>



ROUnd Of 4

January 2026

«O» «Fr «E>»

<

Q>



Question 1

/2
/ - sin(4x) tan~
0o 93

1+ tanx

dx
— tanx

[ Proposed by Siddhartha Bhattacharya (BStat 3rd year) ]
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W

. i Ttz 0<z<
tan™" (tan(§ +z)) =

1 /4 w/2
I = 3 / z(% + z)sin(4z) dz + / z(x — 3T) sin(4x) dx
0 /4

/2 7T /4 /2
/ x?sin(4z) dx + 1 / xsin(4x) dx — 3/ z sin(4x) dz
0 0 us

/4

AO0» 4 F»r «E» «
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1
/xsin(4az) dx = —% cos(4z) + i sin(4x)

/4 w/2
/ xsin(4z) dz 116’ / xsin(4z) dx = on
0 us

/4 16

2

1
/x2 sin(4x) dx = —% cos(4x) + %sin(llm) + 3 cos(4x)

/2 2
2 . 7
dr)der = ——
/0 x*sin(4x) dx T

AO0» 4 F»r «E» «
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71'/2
/ L sin(4z) tan~! <
0 3

1+tanx 7T2
I cnnhed dw:i
1_ta1’1x 32

«O> «F > <=

<



—— End of Solution 1 —
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Question 2

/ 5} sin®
o sin®

—dx
T + Ccos°x

[Proposed by Jishnu Ray (Bstat 1st year))
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I= /”/2 o
(0]

in® 5 dx
sin® o + cos® x
/2 COS2 )
) L 5 dx
0 sin® x + cos®

(By King's Rule)

1 7r/2 :
:>]:/
2 (0]

dx
sin® z 4 cos3 z
1 7r/2
/0 (Sln x _|_ P

dx

)(1 —sinzcosz)

<O «F» «=>»

<

>

Qe



(FEg T Sp—

dp = (sinz + cosx) dx
p2 =1-2sinzcosz

=

SIN T COS T —

2
. .
1 —sinxcosz =
2
T
z=0=p=—1, e=Fop
1 /1 .
N
]




1
I=2/ dp
o (

1+ 2sinzcosz)(1 +p2)

— ! dp
2

_/1 dp +2/1 "
- 3Jo p?P-2 3J

p?+1

/7T/2 Sin2 xT \@
B e L rad o dl’ =
: 3

Sing T = C()S3 €T

COr Fr <Er 4

it
v
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—— End of Solution 2—
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Question 1

/ In {'(:6 + 3z + 2% — 622 + 272 — 26 — (2* + = — 2)3} dx

[ Proposed by Rahul Ganguly (BStat 3rd year) j
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28 + 324 + 23 — 622 + 271 — 26
:($6+3$4+3x2+1)+($3—91‘2+27x—27)

= (x2+1)3+(x_3)3

(x2+1)3+(x_3)3_($2+x_2)3
=@+ 1%+ (@-3>%+2—z—2?)3
Let

a:$2+17 b:I—Sy

C:Q_x_x2
a+b+C:0:>a3+b3+C3:3abc

«O> «Fr <>
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(22 + 12+ (x —3)3 — (2% +z —2)3
=3=2%+1)(z—3)(2—z —z?)

=3(z2+1)(z-3)(z+2)(1 —x)

=1In(---)=In3+In(z>+ 1)+ In(z — 3) +In(z + 2) +In(1 — 2)

Iz:ﬂln3+/ln(m2+1)dx+/ln(:v3)d:c

—i—/ln(m—l—Q)dx—i—/ln(l—x)dac

« O A« »
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/ln(m2 +1)dzr=zln(z®>+1) — 2z + 2tan" ' z

/ln(x—a)da::(x—a)ln(w—a)—(m—a)

I=zln3+zln(z?+1) — 2z +2tan"' 2

+ (z—3)In(z — 3) + (x + 2) In(z + 2)
—1-z)lnl-2)-3z+C

«A4O0» 4 F»r «E»



—— End of Solution 1—
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Question 2

. .

. SInx
]:/ e
Jo

X

dx

[ Proposed by Ayush Baran Sen (BStat 3rd year) j
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Define, for a > 0 :

to)= [ ermtnz
0

T
I
Differentiate w.r.t. a : d —

dal /°°8<6_m,sinx
da J, Oa

o
)dw = — e “sinzdr
T 1}

—ax

dx

Use standard formula: /e“” sinz dz =

2+1(asinx+cosx)

a

:>dI_
da

1
a? +1

Integrate w.r.t. a:

I(a) = —tan"Y(a) + C

«A4O0» 4 F»r «E»
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s
—dz=5 = CO=
= 1(0) = 5 —tan”'(0)
I=12)="T —tan~' (2

«O> <Fr <>
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—— End of Solution 2 —

A4O0> 4F > «Z» « > = Q>



Question 3

2
f(x) = -2

o 5 T
1+ a2

1/

2

2r
55
1+22"

g(r) =sinx

fl@) - (V20 -26) |
1 — (v/20 + 26i) f () 9(@)| dz

[ Proposed by Rahul Ganguly (B Stat 3rd year) ]
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2] f(z) = (V20 — 264)
" /—Z 1 — (v/20 4 260) f (z) lg(z)| da
Let
a = /20 — 26
_[E| fl@)—a .
_/—g 1—af(z) l9(x)| d
observe that,
_ (1-— x2)2 + (233)2 - (1 +x2)2 i
|f(2)|* = (14 22)2 = 017 =
= |f(z)| =1

«O» «F»r <

= 9Hae



Let

fx) =e”,

o = |ale
() —a | e — |ale’®
1—af(z)|

1 — |a|e~i¢ei?

_ |ei9| 1- ’O“ei((b_e)
1 — |aleid=9)

_ ‘ (1 — || cos(¢ — 6)) + il sin(6 — ¢) ‘
(1 — || cos(¢p — ) — i|asin(f — ¢)

«A4O0» 4 F»r «E»
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B

| sinz| dz

<O < 4



—— End of Solution 3 —
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Question 4

2

2 Tsinx T [Tsinx
/ / — dx | dy + —dx | dy
Jo L X JI Jy 4

[ Proposed by Ayush Baran Sen (BStat 3rd year) ]

AO0» 4 F»r «E» «
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Step 1: The first term’s inner integral does not depend on y

/0’; [/: sinffdx] = (/0 dy> (/: sinz

Z

(VB

«O» «F»r «=»

<
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v
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Step 2: Consider the second integral

.

The region of integration is

y<x<m

™

x sin x
[, o
g T

Reverse the order of integration /

A40r 4F» «E)>» 4

. dx:[:r(x—Q)




Step 3: Add both contributions

T o ™ o m 9
s Sin xr T SINT Sin xr
- de+ | (x—2) de = | =

Step 4: Simplify

™

sinx dr = [— cosz|%
= 2

B

dx

s
2

/ /sm:cdx dy+/ [/ sin &
0 5 L 57 Ly

d:L’] dy =1
x

«A4O0» 4 F»r «E»
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—— End of Solution 4 —
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Question 1

/1 1 —z'? dx
0

l+z+z2Ingx

[ Proposed by Sidhartha Bhattacharya (B Stat 3rd year) ]
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1-2"%=(1-2")1+2° +2° +2°)

1-2°=(1-2)(1+2+2°)
1—z!2
=

1+ z+ 22

= (1) +(c* a9+ (°

" = a8

7)_,'_(9

«O> «F > «E»

<

= (1~ 2)(1+2%+2° +2°)

z° — xlo)



Define

Differentiate under the integral sign:

1
F'(a):/0 x*dx

Integrating with respect to a:

F(a) =In(a+1)+C

«A4O0» 4 F»r «E»
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Since

1 pa—
F(o):/ -1 _
0 Inx

=~ C=0

]/.(L_ 1
/ : dx:ln(a+1)
0] Inz

> 8 11
I:1n2+1n1+1n7+1n7

7 10
_pf2:5-8-11
=In ST
Iln<22>
7

«O> <Fr <>
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—— End of Solution 1 —
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Question 2

1, 9 } 2026
T 20 — 1
= / TJF—I dx
JO 1 + o

[ Proposed by Rahul Ganguly (B Stat 3rd year) ]
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1—=z
B —
1+ 1+
Define ]
-z
flz) = 1+ 2
Hence

1
2026
I :/0 (z— f(z)" " d
Compute the involution:

FF@) = T =
Thus

[(f(@) ==
Also,

E 9aAe



Let

Then

From f(f(z)) = z,

Hence

Using substitution in (1):



Adding (1) and (2):
1
= T — f(r 2026 ., » )
2= | o= 1) 0 - @)e
Let

When 2 =0, y = —1
Whenlevyz1

«O> «F > <=

<

Q>



—— End of Solution 2 —

A4O0> 4F > «Z» « > = Q>



Question 3

[ Proposed by Ankit Bhar (B Stat 3rd year) ]

DA



Split the integral into unit intervals [n,n + 1]:

/°°L

G

Factor the denominator:

.LJ.L2 0 n+1
= |
n=2

26 —

2 —1=(®-1)(3+1)
Using partial fractions,

x2 _1 x2 x?
6—1 2\x3-1 23+1

Hence,
100

n+1 I2
s [ (
=y n

x
: — — d
x3 —1 333—1—1) *

A4O» A4 F > « >

T

<

>

2
1dl’



Observe that

IE=
341

1
dx = 5 log(x3 £ 1)
Therefore,

1 o] .173 1 n+1

= — U 1 T @ 4
2[5,
This is a telescoping sum.

To handle boundary terms carefully, write it as a limit:

N

nd+1

n

1 . 77,3—1 n+1
ZGJ&;H;%ZL:Z”PO%< )
Expanding,
1

3¥—1
—(3—2log >—— _ ...
1~ 8-z

«A4O0» 4 F»r «E»

<

>

DA



Continuing,

lim (- 21 i o Nl
— 1m
Nosoo 3 r1 %31 EN3 11
( 1% -1
N1 )
e N e 1
Since
)3
log

The last term satisfies

(N+1)° -1 -3 —2
Nlog i~~~ UN.2N-3=2N"2 — 0
BNF1P+1



The remaining terms form a telescoping product:

2log 2t 105> = log -~ 1
—2lo e — - —log ———
¥+l B3Pt ENT+1
Combine the logarithms:

(9 24+1 3341
= log

7 2-1 33-1 N3-1
Factor each cubic:

N3 +1

)

nEtl=m+D)n>Fn+1)

«A4O0» 4 F»r «E»



Thus,

9 (2+1)(22-2+1)
log<7' 2—1)(2+2+1)

(B+1)(32-3+1)
(3 -

)32 +3+1)
This telescopes to

(N+1)(N?2—-N+1)

(N—-1)(N2+ N +1 ))
:log<9'N(N+1)

2¢—2+1
7 2 N2+ N+1
Now take the limit N — oo
/oo L’EJJ«“Q
2 1'6—1

dm:l lim log <9 WY P 1)
6 N—oo

2¢—-2+1
7 p N2+ N+1

«40» 455 » «E»

<



0 LxeZ ) =
e Ly 2T
/2 ®—17 76 %1

«O> «F > <=

<

Q>



—— End of Solution 3 —

A4O0> 4F > «Z» « > = Q>



