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[ Hints and Solutions ]

CHEMISTRY

Section-I
(1) Answer: (2)

Hint:

Mn has octahedral geometry in [Mn2(CO)10]

Solution:
I

TD co TD co oc C co
/ / N/ N\ /S

OC—Mn Mn—CO » OC—2Co Co—CO
4
ocC

co | oc c co
cO cO ||
O
(2) Answer: (1)
Hint:
[}
Phenyl cation, is not stable.
Solution:
Both statements are correct and reason explains assertion.
(3) Answer: (3)
Hint:
Chelation causes more stability of complexes.
Solution:
[Co(en)z(NH3)2]3+ is more stable than [Co(NH3)6]3+
[Fe(CN)6]3_ is more stable due to higher charge on Fe
(4) Answer: (2)
Hint:
X (3 X nup X
OH — 0 — OCH,
Solution:
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E. elimination 4 =
Cl |
g 50 cl, Ki
—
acetone
=3
| CrO.Cl
+
¢ H—on :

> O
CH.ClL,
(PCC)
(5) Answer: (1)
Hint:
dil. Ba(OH)2 causes aldol reaction in the ketone produced after ozonolysis.
Solutlon
CH,
D Zn-H.O dil EialfDHJ
\.
CH, H.C o
MehgBr
CuCl
EtO
[ . CH,
. HC
H.C Zn-Hg '
b e Qﬂ
H.C ki j

(Clemmeson's
(Final product) reduction)

(6) Answer: (3)
Hint:
CI™ act as WFL in presence of N

F~ act as WFL in presence of co3*
Solution:

[NiCI4]2_ =2 unpaired e~
[Ni(CN)4]2_ =0 unpaired e~
[C0F6]3_ =4 unpaired e~
[Fe(CN)6]3_ =1 unpaired e~
(7) Answer: (2)
Hint:
A will produce optically inactive compound.

Solution:
B and C are already optically inactive hence they will also produce optically inactive compounds.

(8) Answer: (2)
Hint:
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M

Solution:
A, B and D reagents used to convert cyclohexanone to cyclohexane.

(9) Answer: (1)
Hint:
Negative charge of phenoxide ion is stabilised by electron withdrawing groups.
Solution:

; J[CHa
©/OH ©/o
-H
—_—

—CHg being electron releasing group, destablises phenoxide ion an hence, resulting in decrease in acidic strength.

(10) Answer : (1)

Hint:
\Q) OOH CH,
O/ CH.CI, o (P)
(Epoxide is formed)
Solution:

Attack of Nu® in acidic medium occur at more substituted carbon while in basic medium, attack of Nu® is on less
substituted carbon.

CH,
(INH-Cl
CH Acidic Cl
3 medium OH
O
CH,
(i) NaOMe
T} OH
OMe
(11) Answer : (1)
Hint:
” NaOB
R - C — NH, —— R — NH, (Hoffman Bromamide)
Solution:
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PO, A
———>CH.-C=N

o H./Pt
I > CH.CH,NH.,
CH,-C — NH,

1
> (CH,CONH)Na + - H,

HNO,
——— > CH,COOH +N,

(12) Answer : (4)
Hint:

Ring expansion will take place.
Solution:

OH OH OH

H’ Y

:DH

Ring Expansion

Product (P

(13) A_nswer :(3)

Hint:
: . CH(OCOCH,),

is the intermediate
Solutlon

CH(OCOCH,),

@ CrO,+(CH.CO),0 @
> I
2i3-283 K

Benzylidene
diacetate
(14) Answer : (2)
Hint:
€ 3
---------------------- -------- barycentre
d-orbitals —A,
(Octahedral el °
splitting)
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(15)

(16)

(17

(18)

(19)

Solution:
Both statements are correct, but (R) does not explain (A).

Answer : (4)

Hint:

Tropylium carbocation is most stable due to Aromaticity
Solution:

Solvolysis « stability of C®

& ® @

Answer : (3)
Hint:
(Isopropyl) benzene is

H.C — CH - CH,

also known as cumene.
Solution:

H,C — CH — CH, OH

9]
dil. HCI + CH, - C-CH,

I
@]
(Phenol) (Acetone)

It is a method of preparation of phenol.

Answer : (1)

Hint:

HCOOH is most reactive among given acids.

Solution:

The correct order of reactivity of carboxylic acids towards esterification reaction is
HCOOH > CH3COOH > CH3CH2COOH >

CH,

CH, |
' ~CH. = C — COOH

CH, — CH - COOH |
CH,

Answer : (1)

Hint:

More stable carbocation formed in 3° alkyl halide.

Solution:

+| effect of alkyl group make 2° alkyl halide more reactive than 1° towards hydrolysis.

Answer : (2)
Hint:

CI~, WFL in presence of Fe3*.

Solution:

[FeCI6]3_ = Fe3™ - ¢° - Outer orbital complex (sp3d2 and octahedral)
[Fe(CN)6]4_ = Fe?* - d® - Inner orbital complex ((3/25p3 and octahedral)
[Ni(CO)4] = Ni© — 452308 - 4593010 - sp3 - tetrahedral.

[Ni(CN)4]2_ = N2t = 3d8 = dsp2 with square planar shape.
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(20) Answer: (2)
Hint:
Phthaldehyde is =

CHO
Solution:

Acrolein = CH = CH — CHO = Prop-2-enal
Phthalaldehyde =

CHO
= Benzene-1, 2-dicarbaldehyde
Section-ll
(21) Answer : 90
Hint:
Trisubstitution takes place in case of conc. HNO3
Solution:
OH OH OH OH
MO O.N ND
conc, H.50,
+ e —
dif, HNO + gonc. HNO
MO, MO,
(B) {C) (A)
Molar mass of A = 229 g/mol
Molar mass of B = 139 g/mol
Difference = 229 — 139 = 90
(22) Answer : 29
Hint:
- To x (P1— Aq. tension)x Vi
Vi, = T, x P,
Solution:
273x (725—25)x 50
Vn, at STP = X§00x760)X
=41.9mL
_ 419 _
N2 = 05 X 28 =0.052
0.052
%N = W x 100 = 28.8
(23) Answer:5
Hint:
2N atoms and 3 — O atoms are available for coordination.
Solution:

Total 5 coordination sites are present in EDTAS-

(24) Answer : 10

Hint:
Elimination reaction will take place.
Solution:
Cl
CH,

CH,

1-(2-chloroethyl)-1-methylcyclopentane
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@

is formed in this reaction, which rearranges to give

®
k-
= — minor
&
——— — (major product)
aH =10
— — minor
(25) Answer : 4
Hint:
Zero unpaired e, zero magnetic moment.
Solution:

[Co(CN)g]3~, [Fe(NO2)g]*~, [Ni(dmg)2]2* and [Co(NH3)g]®+ have zero unpaired e™.

MATHEMATICS

Section-I

(26) Answer : (3)
Hint:
Convert in definite integration

Xk, K24n? K

n]-l—Ibgo 24 ESIH (n_2) {Putlz 7}

Solution:

. 1. 14+n? 2 . [ 4+n? 3 . [ 9+n? 2 .
— " = ")+ 2 rn =

lim [ 2sm( 2 )+n251n( — ) n2s1n( — )+...+n5m5}

n—o0

2
:/1sin(12 +1)dt
0

Now, put u = )\2 +1
du = 2\dt
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(27)

(28)

(29)

5
1
:/5sinudu:—%[cosu}‘;’
1

:%[COS5—COS 1]

1 .6 . 4
=—3 (—25111 5sin 5)
=sin3 - sin2

Answer : (4)

Hint:

f(x)>0

Solution:

f(x) = 6ax — asindx — 6x — sin6x
f(x) = 6a — 4acos4dx — 6 — 6¢c0s6x
fx)>0 Vz e R

v —-l<cosbx<1

w—-1<cosbxs<1

Ifa>0, (f(X))min=6a—-6—-4a—-6
=2a-12>0

=a>6

= a€(6, )

Ifa<o0

f(x) = 4a(1 — cos4dx) + 2a — 6(1 + cos6x)
f(x) <0

Answer : (1)
Hint:
0 s z <0
m =
f( ) { 222 s x>0
Solution:

When t = 0, then
x:2t—t:tandy:t2+t2:2t2
Thusy=2x2

When t < 0, then
x=2t+t=3tandy=t2 -2 =0
Thus,y=0,x<0

; f(m):{o , z<0

22° , z>0
Now, f(07) =0
fl(0+) — lim f(w)fg(o)
z—0t T

. 2220
3}11{?* z=0
- 22 _
z—0t T
-~ f(x) is differentiable at x = 0
Hence it is also continuous at x =0

Answer : (2)
Hint:

Take x2025

Solution:
dz

2025 (14 —L
xT
( + 22024 )

Letl+—— =t¢

22024

common from D'

—2024 x~2025 gy = gt

L [t
I:M/T

s [1+ = [ +e

22024

2241
22024

=1

2024

1 22024
2024 In <1+$2024 +c

+c

10
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=a=b=c=2024
(30) Answer : (1)

Hint:
Putel/kz)\
Solution:
1\ 2 1\3 1\ Kk
s ) ()
ek
P=lm |4+ =5t —5—+...+ 5
1
Let ex =\

= P=lim % [A+2X2 43X +.. .+ k- \F]
k—o0 K

Let Pr=A+2X\+3\% ... + kA

S AP =N+ 203 + 4Kt

A(xe-1)
= PL(1-A) = (A X 2 R = s A

ALY e

=P =——" 22—
! (A1) +(Afl)
= 1+
P = lim 76k(671)2 + el
k—o00 2(1 ) (— )
ek —1 klek—1
1 1
=—(e—1)lim —< +elim —<*
k—o0 1 k—o0 1
K|ek -1 k(@’**l)

=—e+1+e=1

(31) Answer : (4)
Hint:

=2a2+a+1>3a2—4a+1
Solution:

f(2a% + a + 1) < f(3a% — 4a + 1)

:>2a2+a+1>3a2—4a+1
= a€(0, 5)

Also,2a2+a+1>0and3a2—4a+1>0
= a<% ora>1

So, ae (0, %) U(L, 5)

(32) Answer : (2)
Hint:

1+eX=¢2
Solution:

1+e=12
2
:2/1n(t2—1)dt:2tln(t2—1)—4/t2t —dt

=2tln (¢ - 1) 74(1+ﬁ)dt

=2t [ln( 1) - 2] 2 (53) +c

t+1

VIFeT+1
= yT¥e (2 —4)+2In (m_effl) +e
A=2,C=2

SJA+H4+4C=2+4+2=8

11
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(33)

(34)

(35)

(36)

Answer : (2)
Hint:
Ymin = fib) =b3 - 3b2 + 3
Solution:
y=(x—1)2+b3-3b2+3
“ Ymin = f(b) = b3 — 3b% + 3
Now, f(b) = 3b% — 6b
=3b(b-2)
For maximum or minimum, f(b) =0
¥ = .

L) L
0 2
Also, f(0) =3
f(2) =-1
f(4) =19
f(b)max = 19

Answer : (4)

Hint:
. fla+h)-f(z)
= lim ———
f(@) = Jim

Solution:

f(z) =1lim

h—0
i SOV 2R )5 - (f@)+10)-1)

h—0 h

— lim f(h);f(ﬂ) 49222 = £(0) 4+ 9222
h—0

fz+h)— f(=)

g L O3 ) f0)
h—0 0 2 h—0 2h

F0) =5
L f@) =t
f@) =2+3

L fr) =2 4Ll oor f2)=2

@)= (2] =8

223 . _ 1
s+ or f(0)=A=3

Answer : (1)
Hint:

Use substitute
Solution:

/4
Rewrite I = / zsec’rdz
0
Integration by parts
Let u=x = du = dx, dvzseczxdx:> v = tanx

/wsec%d:c =ztanz —/tanwdw =ztanz —In|secz|
Apply limitOto £

At z=Z :xtanx -In(secx) = T —SIn2

-Atx=0:0
_ oz 1
I=Z—1n2

Answer : (1)
Hint:

If f(x) changes from positive to negative about x = a then, x = a is a point of maxima

Solution:

h(x) = P2(x) + (F(x))?

h(x) = 2f)F(x) + 2F(X) - F'(x)
= 2P (O[f(x) + F'(X)]

12
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= —2xg()(F(x))*
h'(x) changes from positive to negative about x = 0 so x = 0 is a point of maxima.

(37) Answer : (4)
Hint:
Use AM = GM
Solution:
Continuous atx =1

00326(0(2 +4)=1- 4[32

= a2c0s2@ + 4|32 +4c0s20 =1 ..(0)
continuous at x = 3

. 3-4p%=ap - B> -3 +2
=ap=1

Use AM = GM

a?cos?0+4p%
2

1 - 4cos20 > 4|cos0|

> 2ap3 |cos 6

2—1

= Maximum value of cosf = ¢2

c=2,d=4
c+d=6

(38) Answer : (2)
Hint:
put B2 ¢ (I*wfz)dm = dt
Solution:

22 (1- ].uz) _ 1-Ing
< m )d:cff z2<(¥)4—1> dx

Put bz — ¢ (%)dx:dt

B dt
_/ (2 4+1)(t2 —1)

-
/‘ﬁ+1 (t*—1)

2+1)(82-1)
(/75 75)-
£2—1 2+1)
Inz—a — In z

=i (252) - dtan " (22)
(39) Answer : (2)

Hint:

Putf(x)=0

Solution:

f(x) =x3-3x-1

F(X) = 3x2 -3
=3x+1(x-1)
Putf(x)=0

Sx=-1,1

f'(x) = 6x

f'(=1) = -6 (local maximum)
(1) = 6 (local minimum)

f(-1) = (-1)3 - 3(-1)-1=1

f(1) = (1)3 - 3(1) -1 = -3
Positive difference = |f(—1) — f(1)|

ml»—A

o |

I=

o |
=R
N
I

o =
o~
+
[ay

(

= tanflt)

+

c

=11-(=3)
=4
(40) Answer : (3)
Hint:
1 1
Let ¢z = Y= F7any
Solution:
. . (K—1)K(K+1)(K+2)
Tx=cos™ | g + K(K+1)

13
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(K21 \/K(K+2)
\/ K+1) (K+1)* K+1

Ty = cos™ (T) cos !- , substituting n = 2, 3, 4
s 1 1 ™ 1r s
5= limcos™? () —eos™ (3) = § -5 = %
_r _ 120m
Sn = 6 K
K =720
(41) Answer : (1)
Hint:
0 In 2 In 3
I:/ xdm—l—/ e’ —1) dac+/(e“—2)d:c
0 In'2
Solution:

0 In2
I= /e’”dm—l—/
—00 0

On solving, I =3 +In2 — 2In3

In 3
e’ —1) d:v—l—/(e“—Z)dw
In2

(42) Answer : (3)
Hint:
f(0)<0
Solution:
For local maxima at xER™ & minima at certain xER™ the roots of f(x) = 0 are of opposite sign
=f0)<0
=bH<0

(43) Answer : (1)
Hint:
Use substitution
Solution:

Substitution u = arctanx = du = -

Tra?
Transform limits :

Whenx=0,u=0

Whenx=1, u= f

Integral becomes :

I=

O\»Ia
&
S
Il
[V

(44) Answer : (3)
Hint:

Consider f(z) = f (2%)

Solution:

f2x) =)= f(2) =f(%) = ...:f( 3 ):f(Z%) consider f(m):f(z%)
lim f(z) = im 7 ()

= f(z)=f(0)VzeR

(Since f(x) is given to be a continuous function)

= f(z)= f(2010) =z

COS —— CcOoS —
= lim——— \/ =0

z—0 sin’z

(45) Answer: (2)
Hint:
Let g(z) =sin"! (z) +—=

1-a2

Solution:

14
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(46)

(47)

(48)

f'(z) = —=2 (sinfler ”’2)

1-z2 1-z

Now, let g (z) =sin™! () + ==&

1—22
1 (1-2%)—(z)(—2z)
1-22 (1—22)?

' 1 1422
g (z) i + et >0
forallx € (-1, 1)
= g(x) is increasing for all x € (-1, 1)
Put g(0) =0, g(x) > 0 for x € (0, 1)
So, f(x) >0 forx € (0, 1)

Answer : 6

Hint:

Differentiate w.r.t. x
Solution:

f3(x) =/t~f2(t)dt ()
0
Differentiate w.r.t. x
3f%(z) - f'(z) =z f*(z) = f'(z) = %
= flz) =% +c ..(i)

From (i) £3(0) = 0 = f(0) = 0
S from (ii)c=0

L f@) =%

7(6) =% =6

Answer : 4

Hint:

g(fx) =y

Solution:

) =x+1..(3)

g o) =x3 +x+1..(3i)
h(x) = g(f(x)) ...(iii)
g(fx) =y

) =g

X — y (from (ii))

gy =y +y+1

) =y3+y+1=x+1
x=y3+y

h(x)=y

x=ht) =3 +y

y - X

h_l(x) =x3+x
hY(z)-h1(1)

lim T

z—1
glEiLnI % (%form)
Apply L'Hospital Rule
lim 32241

z—1 1

=3(1)%+1=4

Answer : 4

Hint:

I= 4/(cos 20 - cos a)dz
0

Solution:
Consider the numerator cos4x — cos4a

Section-ll

15
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(49)

(50)

(51)

(52)

= (2c0322x -1)- (2003220( -1)

= 2(c0322x - 00322a)

= 2(cos2x + cos2a)(cos2x — cos2a)

= 4(cos2x + c0s20)(cosx — cosa)(cosx+ cosq)

™

I:4/(cos 2z + cos 2a) (cos z + cos a)dz
0

™

= 4/(cos 2a - cos a)dx
0

= 411C0S0C0S20
LK=4

Answer : 32

Hint:

Let f'(x) = 6a(x—1),a>0

Solution:

Let f(x) = 6a(x — 1), (a > 0)

then f(x) = 6 (7 —:v) +b=3a(x2—-2x)+b
Now, f(-1)=0=9a+b=0=b=-9a

“ F(X)=3a(? —2x-3) =0

=>x=-1&3

So, y = f(-1) & y = f(3) are two horizontal tangents
.. Distance = [f(3) — f(-1)| = |-22 — 10| = 32

Answer : 10

Hint:
f(x)=x3—5x2+2x+6
Solution:

") = X5 + X2 F(1) + xF(2) +(3)
S P = 3%2 + 2xF(1) + F(2)
f(1) =3+ 2f(1) +f'(2)

Q) +f'(2) =-3 ...(i)

f'(x) = 6x + 2f(1)

f(2) = 12 + 2f(1) ...(ii)
From (i) & (ii)
f(1)=-5,f"(2)=2
f(x):x3—5x2+2x+6
f1)=1-5+2+6=4
f(0)=6
LfL)+f0)=4+6=10

Answer : (2)

Hint:

d=i+e-A

Solution:

a=i+e—-A

=90 +sint (%sin 15°) 60 = 51.5°
B=45+45-60=30°

Answer : (3)
Hint:

_ 4
Aq= =
Solution:
Ad =

Z

<
2 s Jae

Section-I

16
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(53)

(54)

(55)

(56)

(57)

(58)

oM a?
2

= A¢p= -
[a2+z2]3/2
320 M

125a
32, M
125aR

= A¢=

= q=

Answer : (2)
Hint:
Snell’s law
Solution:
p=260

sin @ = psin

,u:2cos%

8
2

Answer : (2)
Hint:
Ax = n) for maxima
Solution:
2ut =N
2ut
A=
A =9000A, 45004, 3000A

Answer : (3)

Hint:

Current maximize of minimize in series & parallel LCR circuit respectively.
Solution:

Theoretical

Answer : (1)

Hint:

Refraction at curved surface
Solution:

B3 p3e

vy o R

2u B 2pp

Answer : (3)
Hint:

di idN
owR =4 =4
Solution:

Q7 )

g2n Rdx
271.r
owRdx = d;
owR = % = % =ni
B = pgowR
B = po(0)(w)(2R) + po(20)(2w)R

= 6ugowR

=ni

Answer : (1)
Hint:

- —
fﬂdl:uoi

Solution:
/BOTZdT‘:/LO/J(T)2TFTdT‘
0 0

Byr? o 2
3 =J2mpy = 3

17
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(59)

(60)

(61)

(62)

(63)

(64)

(65)

Byr?2mr = pg /J27rrdr

diff.
3 x 2w Byr? = po2nJ (z)r

3Bor
J= Ho

Answer : (3)
Hint:
1_1_

1
v u f
Solution:

|
8=

1
f

Q= = =

v=15cm
Ray must be parallel to principal axis between middle and right lens
=d=15-10=5cm

Answer : (3)
Hint:

Lenz's law
Solution:

—d( E.di{)
e=—>——2=0
dt
Answer : (3)

Hint:

Solution:

B = pgni

¢ = BAcos6

¢ = poniA sin wt cos wt

= ;/LoiOTLA sin(2wt)

Answer : (1)

Hint:

Motional EMF is produced because of flow of charge
Solution:

Theoretical

Answer : (3)
Hint:
Flux through inductor doesn’t change instantaneously
Solution: .
. o ——
Bt e/3R
—~ T —> >
5A 2A

U=1x10"% x5+ 1 x2x1073 x 22

=1073{12.5 + 4}
=16.5mJ

Answer : (3)
Hint:
0=180-2i
omi = psinr
d=i-r
Solution:
Theoretical

Answer : (3)

Hint:
Loss=WpBp—-K
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(66)

(67)

(68)

(69)

(70)

(71)

Solution:

F=ilB

I=mu=qlB

=4

Loss =Wg—-K

o muV 1 9
B 2

Answer : (3)
Hint:

fo A
Solution:
fo A

Answer : (2)
Hint:
i=%(1-et")
Solution:
Vi Ltr]”
Aa= 7 [H_ ¢ ] 0
|4 L L
=% [T+ R E]
_ VL

eR?

Answer : (3)
Hint:

1 1 1

vy Ty
Solution:

From spherical side
14 3 1

2x8 ~ 2x16
-3
V= cm

From flat side

— 1616 _32 _ 64
Az =16 3 = =3 tm

Answer : (4)
Hint:

Resolving power does not depend on the eyepiece focal length.

Solution:

122
0= —
Answer : (2)
Hint:
cosidi = cosrudr
Solution:
cosidi = cosrudr

Answer : 9
Hint:

_ Y
I= zZ
Solution:

_ >
[R2+z2}1/2

1 2R
|dI| - }ZE (R2+CD2)3/2

dl _ _RAR

I (R2+z2)

. AR —
7 x100=1

AR=E

100

2
4L 100 = £
I R4z?

Section-ll
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(72)

(73)

(74)

(75)

9
= %

Answer : 58
Hint:

-~ (2%)

Solution:

¢ = Blb

= B6v{a+4vt) + B4v(a + 6vt)
At t=4

B6v x 5a + B4v7a

€ = (30 +28) Bav

=58 aBv

Answer : 14
Hint:
F=ilB
Solution:

;2

0%
=0 _dx

2

2
F=%"In2

=2 x 107" x 102(0.7)
=1.4x10™°

=14 x 1078

Answer : 13

Hint:

AP _ I

AV T o2

Solution:

A4 _ _FAt __ P I

AV~ ACAT c T o2
w03
10 % x9x 1016

= % x 10713
Answer : 14
Hint:
V3Vo =4/ (VL —Vo)® + V2
Solution:
(VL -2+ V2 =32
(VL - W2 =2v2
Vi -V =12V
Vi =+/2V+V
V| = 2.4 Volt
Vi c = 1.4 Volt
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