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(1)

()

3)

4

Answer : (D)
Hint:

Visin 6 = V; cos 0
Solution:

Visin@ = V; cos 0
_ Vs sin 6
" Vicosf

Answer : (B)

Hint:

Use of rod constraint
Solution:

Constraint on rod A.

w = 200+/2 rad/s

Answer : (B)

Hint:

Work energy theorem
Solution:

1
mgsin Hlf/mgcose.,uomdw =0-0
0

_ 2 __2
1= uotanG— T

Answer : (B)
Hint:

Shear stress = %
Solution:

[ Hints and Solutions ]

Section-I
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pai (i)

oo |

_ -3
F—amg

3mg

Shear stress =
64A

Section-ll

(5) Answer: (AB,C)
Hint:
A=0R
Solution:
e

a.

_..a1

M ——sF

ap is acceleration of cylinder with respect to plank
For plank:

F—-f=may

For cylinder:

maj —f=map

fR=I«a

fR=(3mR?) (%)
f= %maz

_ _3F  _ 2
o = 5 =6m/s

_ _2F  _ 2
a2 = 5iom =4m/s

=40

_ 4
& =01

(6) Answer: (AC)
Hint:

P+ %pl‘/l2 =P+ %P2V2
Solution:

®

:
J[IN
e
P+ 3pV2=Py+1pV?
Py+p +209 (£ —h) =Py + 1 (20)V?

g
V=,/2(3H—4h)
R=/h (3H — 4h)

dR

@ =0

h=2H=15m

But if the liquid ejects from interface then R =4 cm and hg =2 m.
(7) Answer: (B,C)

Hint:

Work energy theorem
Solution:
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P
i
vf_ihi
Vb:,/gﬂ'gR
0-%
o=t

_ L __ 5w
6’w727rR—§ = TR
h=2rR [Rsina+ ZRG|
7 V3
hfgﬂ'R—T
3
VZ=V2_2gh = gng—zg(gnR—“T )

V =,/v3g9R

mv2
T

T:%+%.\/EQRX3

33
mg (4+32)

T—mgcos o —

Section-lll

(8) Answer: 12
Hint:
@b _ "

it 1
Solution:

X = R cosecB
de _ i)
= —Rcos ecl cotOdt
do (V1+V2) tan f.sin 6
at R
44343
W= T05x2
=12 rad/s
(9) Answer:6
Hint
W =AU
Solution:
_ —3GM*> GM?
Bi=%"% —"m
_ —3GM? GM?
Er=55% "
W=Ef-E;
_ GM?
W= 6R

(10) Answer:3

Hint:

tanf = =
g9

Solution:
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(11) Answer:7
Hint:

I:/dmr2

Solution:

i
o

(12) Answer : 50
Hint:
T = mg(2 — 3cosBb)
Solution:

%mv2 =mg(1—1cos )

m?
1

T =mg(2—3cosh)

t

T+mgcosf =

N = Mg— mgcos (2— 3 cos®9)

(13) Answer: 2
Hint:

d 1
E(ITL.’E) =7
Solution:

7 —esinz

InZ = sinx
% = (cosz)dz
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dz 1

"’—szwo:z%

Section-IV

(14) Answer : 20.00
Hint:

_ 9B’

—h=Rtanf — 2u2cos26

Solution:

For maximum range on ground

% =0 = tanf = ——
\/u2+2gh

max — %\/ u2 +29h

(15) Answer : 26.50
Hint:

gR®
—h =Rtan — ey
Solution:

For maximum range on ground

% =0 = tanf = ——
\/u2+2gh

Rpox = %\/u2 +2gh

(16) Answer : 12.00
Hint:
Wedge constraint
Solution:

ajp = ap tan@
N sin® = May
let Ng is normal by support on rod.
N sin@ = Ng
Mg — cosB = maj
mg 50 50x9 —

a; = =
! m+Mcot?9 54+10x % 205

u>|<o
= =}

Nn = Mmg _5x10x10
0 mtan 0+Mcot 5x 2410.4
4 "3

1200
T4

(17) Answer : 41.00
Hint:
Wedge constraint
Solution:

/
Z

ajp = ap tané
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N sin® = Map

let Ng is normal by support on rod.

N sin® = Ng

Mg — cosB = maj

a1 = mg _ 50 _ 50x9 _ 90
m+Mcot?0 5+10% % 205 41

NO = mtanjewrlgfcotG - 5??%1?:;;%

1200
41

CHEMISTRY

Section-l

(18) Answer : (A)
Hint:
6Fe203 — 4Fe304 + O2
Solution:
Mass of O2 produced
=39g-292¢g
=0.08¢
0.08

Moles of Op formed = =5~ mol

1 mol of O formed by 6 mol of Fex03

= % mol of O2 will formed by % mol of FeoO3

Mole of FeoO3 present = 0.015 mol

Mass of FepO3 formed = 0.015 x 160
=249¢g

% Mass of SiO2 in mixture

=28 %100
=20%

(19) Answer : (A)
Hint:

Element having atomic number 81 is thalium, which have 1e™ in 6p-subshell
Solution:
n=1
For 15t order reaction
tijp = 2 _ 0693
k k
(20) Answer : (D)
Hint:
Due to Schottky defect density of unit cell decreases.
Solution:
In FCC lattice octahedral voids are present at edge centre and body centre.

a=2r

PE- 5™ 100
B=——X
6x ?(2r)2><2r
=60.8%
When Ge is doped with P or As, n-type semiconductor is formed.

(21) Answer : (A)
Hint:
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Compound having p # 0 are polar.
Solution:

NH3, H2O, CIF3, NF3, PCl3, SF4, BrFg, BrFg, Ig are polar
H20, CIF3, XeFy, BrFz, I; , CO2, BF3 are planar

Section-l

(22) Answer: (A,B,C,D)

Hint:
For phase transition, AS = %
Solution:

For phase transition step, the change in Gibbs free energy is zero.

(23) Answer : (A,B,C)
Hint:
Complexing agent decreases the concentration of Fe

Solution:
According to Nernst equation

_ o _ RT [F&']
ECEH - Ece]l - F]'n [Fe‘”]

3+ ion

Hence potential will depends on <

Fet]
=)

(24) Answer : (B,D)
Hint:
The strength of bonds being broken in P and Q affects the activation energy of reaction not frequency factor (A).
Solution:
The overall enthalpy change reflects the energy difference between reactants and products and does not directly
influence the frequency of effective collision.
More complex molecule often have more stringent steric requirements for effective collisions. They might need to collide
in a very specific way for the reactive sites to align properly. The increased complexity leads to a lower probability of
effective collision and thus a lower frequency factor.

Section-lll
(25) Answer : 98
Hint:
MnO, (aq.) + 8H" (aq.) + 5e~ — Mn?" (aq.) +4H2O(1)
Solution:
Using Nernst equation
o 0.06 [Mn*2]
EMno;,H+ /Mnt = EMno4 /Mo 5 W

= 1.51 - 0.012 log (1074 - 1048)

= 1.51 - 0.012 log (1044
=1.51-0.012 x 44
=0.982V

=08.2x 1072V
X = 98.2
~ 98

(26) Answer : 27

Hint:
ATs=ixkfxm
Solution:
For AoB

3.5 1000
2.5 =25 % 2arb X W
=2a+b=700 ...()
And,

1.5 1000
= X =2 x =2
1=25 ok 0

a+2b=750 ...(ii)
eq. (i) x 2 — eq.(i)
2a +4b = 1500
2a+b =700
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3b =800
b = 266.67 g/mol

(27) Answer:9

Hint:

pOH = pK, = log 3o

Solution:

2NH, OH + H, S0, — (NHy), SO,
100 m mol 25 m mol —
50 m mol — 25 m mol

NH,OH + HCI — NHCl

50 m mol 12.5m mol 50 m mol
37.5m mol - 62.5 m mol

NH; |

[
pOH = pr +10g m

—4.74 4 log (g)

=474 +0.22
=4.96
~5
pH=14-5=9
(28) Answer : 7
Hint:
Compound having p # 0 are polar.
Solution:

O3, PCl3, NO;, BrFg, SF4, CIF3 and HCIO3 contain one or more lone pair on central atom, and also have permanent
dipole moment and hence polar.

(29) Answer:5

Hint:

AHpeyt for SA and SB = -57 kJ/mol
Solution:

2HCN + Ba(OH), — Ba(CN),+ 2H20
500 m mol 200 m mol — -3
100 m mol

200 m mol

AHjgn for 400 m mol of HCN = 45 x 0.4

=18kJ
AHneut = (04 X 57) -18
=4.8kJ
~5kJ

(30) Answer : 4
Hint:
o

—m /My
r2 ~ ng M;
Solution:

TCHy - M502 - 64
(nf)soz _ (ni)302 % (ISOZ )n
(nf)cn, (ni)ony tcry

n
= (3)

TS0, Mcy, /16

[ [

Section-IV

(31) Answer : 02.00
Hint:
KHC204 behaves as acid in KOH solution.
Solution:
Meq 0f KMNO4 = mgq of KHC204 +
10x0.06 x5=x%x2+yx2
2x+2y=3

10
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Meq Of KOH = mgq of KHC204
10x0.05=xx1

x=0.5

2x05+2y=3

2y=2

y=1

Molar ratio £ = L

0.5
2

1
10 ml of mixture require 3 milliequivalent of Cr,02~
So 20 ml of mixture require
6 meq of Cry05
a=6

(32) Answer : 06.00
Hint:
KHC204 behaves as acid in KOH solution.
Solution:
Meq 0f KMNO4 = mgq of KHC204 +
10x0.06x5=x%x2+yx2
2x+2y=3
meq of KOH = meq of KHC204
10x0.05=xx1
x=05
2x05+2y=3
2y=2
y=1
Molar ratio £ =
2

1
10 ml of mixture require 3 milliequivalent of Cr, O?’
So 20 ml of mixture require
6 mgq of Cr; O
a=6

L
05

(33) Answer : 88.78
Hint:
Apply Nernst equation

B = By — Hlog

Solution:
According to figure given
Ag is cathode and Cu is anode

Anode : Cu — Cu2+ +2e”

Cathode : 2Ag+ +2e” — 2Ag
E.,, =(0.80-0.34) V
=0.46
AG® =-nF E°,,
AG® =—2 x 96500 x 0.46
=-88.78 kJ

0.06
ECe]l =0.46 — TIOg [Ag’P

—0.46 — 0.03 log (10{4 )
= 0.46 — 0.03 log10%

= 0.46 - 0.12

=0.34

(34) Answer : 00.34
Hint:
Apply Nernst equation

P
oo = Eg, — 43 log B

R)
Solution:

According to figure given

Ag is cathode and Cu is anode

11
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(35)

(36)

(37

Anode : Cu — Cu2+ +2e”

Cathode : 2Ag* +2e~ — 2Ag
Eo = (0.80 - 0.34) V
=0.46
AG® = —nF E2,,
AG° = -2 x 96500 x 0.46
=-88.78 kJ
[Cu*]
Ag;'}2

—0.46 — 0.03 log (101 - )

Ecer = 0.46 — % 1og

= 0.46 — 0.03 log10%
= 0.46 - 0.12
=0.34

MATHEMATICS

Section-l

Answer : (B)

Hint:

f(z) >00r f(z) <0,Vz

Solution:

Since, f(x) = ax? + bx + ¢ = 0 has non-real roots.
Thus, either

f(z)>00rf(z) <0,Vz

ate<b=f(-1)<0

As

Y
X' { ==X
C}
L~ \‘
f'lr I"l
Fd \
/
v

iie,.a—-b+c<Qora+c<b

S f(x) <0,V x

Thus, for all x € R; ax2+bx+c<0.
Now, forx=-2;4a—-2b+c<0
=4a+c<2b

Answer : (B)

Hint:

Principal argument

Solution:

Principal argument z = arg (i)/? + arg(—1+14) —arg(2 + 2+/3i) —arg(—1)

1 s s s

Answer : (A)

Hint:

=1 [Vatrz —\/a+(r—1)z |
Solution:
Let

t, = L

Jatrz+ \/G‘F(T*l)[lt

12
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B \/mf,/aJr(rfl)z

at+rz—a—(r—1)z
=1 [Vatrz —\/a+(r—1)z |
ittt Aty =2{yaFz —a}t+a+2z
—VaFz}+...+{Vatnz —\/a+(n—1)z }]
1 Va+nz - yal

atnze

o(vVatnz+/a)

n
= \a+Jatnz

Hence, (A) is the correct answer.

(38) Answer : (D)
Hint:
32008 _ 3(32007) - 3(33><669)
Solution:
32008 _ 3(32007) - 3(33><669)

=3 x 27969 = 3 x (28 - 1)669 = 31281 — 1)
=7p-3=7-1)+4
. Remainder = 4

Section-II
(39) Answer : (C,D)
Hint:
Number of students who appeared in the examination = ZOCr
Solution:

Number of students who appeared in the examination = ZOCr

ZOCr will be maximum when
r=2-10.

20!

. Maximum number of students = ¢,y = 2

(40) Answer : (B,C,D)

Hint:
AB? = BA = B? = A-1BA squaring both the sides
Solution:

AB? = BA = B? = A-1BA squaring both the sides

B*=(A"'BA) (A'BA) = A"'B2A= A" (A'BA)A B*=(A1)’BA

Again squaring

B = ((471)’BA?) ((A7)'BA?) = B*= (A7)’ B> 4> = (A")’ (A"'BA) 4> = (A"')*BA® Similarly

B% = (A1)°BAS = BB = T

SO m=63=k =7

(41) Answer : (A,C)
Hint:

(sinzzz:-‘r 12 )+(cos2y+ 12 )
sin T cos Yy

Solution:

<sin2a:+ L >+<c032y+ 12>:4 =
sin cos y

Only possible if sinz =1 and cosy =1
=z=2and y=0

4

s

(z-y) =7

Section-lll

(42) Answer: 12
Hint:
R2 — R2 — (Rl +R3)
Solution:

13
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r24+1r r+1 r—2
We have, A, =|2r2+3r—1 3r 3r—3
r24+2r+3 2r—1 2r—1

Applying Ry — R, — (R; + R3) , then

rP+r r+1 r—2
A, = —4 0 0
rP+2r+3  2r—1 2r—1
Expanding along R , we get
o+l r=2
o 2r—1 27“—1‘
=4[(r+1)(2r—1)—(r—2) (2r—1)]
=24r—12
Now, 377 14, =24370 ;7—12377 1

=242 190 —12n(n+1-1)

=12n2 =an’+bn+c
[given]

For n=1 , we have
a+b+c=12

(43) Answer: 3
Hint:
a2 +br+c=0
Solution:
Given that, az’>+bz+¢c=0
and bz? +cz +a =0 have a common root. Hence
(bc — a2) 2 (ab - c2) (ac - b2)
= b2 +a* — 2a’be = a®be — ab® — ac® + b2 c?
= at+ab’ +ac® = 3a?be
a3+b3+c3 o
abe -
(44) Answer:0
Hint:
_ Azt
1=
Solution:
Azy+23
A1
which shows z; divides z,, 23 in the ratio of 1 : A. Thus, the points are collinear.
.. Distance of A from line BC is zero.

As z =

(45) Answer: 14

Hint:
a, an—1 .
a; =2, T T o, T 01,082,083, ... ,a, arein G.P.
Solution:
a1:2,ﬁ:2"—’; = a1,ds,a3,. ... ,a, are in G.P.
Let ay =z ,thenfor =3,
& _ 8 _ 2
a a2

2
:>a22:a1a3:>a3:z—

2
» %5+ - with common ratio,
. 4
r:% given %§162¢m§6

Also z and IT; are integer's, so if x is even then only % will be an integer. So only possible value of x is 4 and 6.

(46) Answer: 3
Hint:

14
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Given, 3, az’ = (1+z+a?+a2%) "

Solution:

Given, 3, az’ = (1+z+2°+2%) "

Itis clear that a is the coefficient of X in the expansion of (1+z +2* +2°) "
On replacing z by % in the given equation, we get

Raon(£) = L
Here, a, represents the coefficient of 3% in (1+z+2%+2%) "
Thus,
ar =agyp (1)

Let I= Ziio rxa, = 2310(371 —7)asn_r
[replacing r by 3n—r]
=33, (3n—r)a, [from Eq. (i)]

=3n Ziio a’" — Ziio ra’

= 2l =3nk=1=2% =3

(47) Answer: 31

Hint:
7x31 =217
Solution:

Here, we have two sections A and B (say), the section A has 3 questions and section B has 5 questions and one
guestion from each section is compulsory, according to the given direction.

.. Number of ways selecting one or more than one question from section A is 2° —1 =7 and number of ways selecting
one or more than one question from section Bis 25 —1 =31

Hence, by the principle of multiplication, the required number of ways in which a candidate can select the questions.
=7x31=217

Section-IV

(48) Answer : 04.00
Hint:
A>0= meR, f(2) f(3) <0
Solution:
A>0= meR, f(2) f(3) <0
Sme (F;/ﬁ’ 1172\/ﬁ) U (7+;/§7 11+2\/ﬁ)

>m=1,728,9

(49) Answer : 09.00
Hint:
= f(2)<0
Solution:
(i) Exactly one root is less than 2

=f(2)<0= me (77533, ”;/3_3) —0
No negative integral m

(i) Both roots less than 2

= f(2)>0and 2 > 42

4
P;/ﬁ)

=>m € (—oo7
.. Negative integral m = -9 to -1

(50) Answer : 08.00

Hint:
a 1 0 0 0 0
1 a 1 0 0 0
D, — 0 1 a 1 0 0
0 0 1 a .. 0
0 0 0 1 a 0
0 0 0 0 1 a
Solution:

15
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(51)

a 1 0 0 0

1 a 1 0 0

D, — 0 1 a 1 0
0 0 1 a

0 0 0 1 a

0 0 0 0 1
expanding it from 1% Row

1 1 0

0 a 1

D,=aD,_1—| 0 1 a

0

Applying ¢, = G, —C

1 0 0

0 a 1

0 1 a
D,=aD, ;-

0 0 1

0 0 0

D,=aD, 1 —D,_»

a=2 = D,=2Dy 1—Dyp >
D,+D, o=2D, 1

i.e., D, _»,D, 1,D, arein A.P.
21
1 2
D3y =4....Dyy; =2018

Dy =2D, = =3

Answer : 13.00
Hint:
Dpn=Dn-1-Dpn-2
Solution:

a=1
Dn=Dp_1-Dp 2
11
11
D3=Dp-D1=-1
Dg=-1

D5 =0

Dg=1

D7=1

Dg=0

Dg=-1

D1p=-1

D11=0

D1po=1

D13=1

D1:1D2:‘ ‘:0

ie, D1=Dg=D7=D12=D13=1

Dy =Dg5=Dg=D11=0
D3=Dg=Dg=D1p0=-1

6A, 6A + 1 type number gives 1
6A + 2, 6N +5gives 0

Q O O O o O

o o o

o o o o

001a

D,=aD,, 1D,

16
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6\ + 3, 6\ + 4 gives -1
2017
Hence Y1 |Dy| = %(2016) +1

=2(672) + 1=1344 + 1 = 1345

17




