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PART |
1 2 3 4 5 6 7 8
D A B B C C D A
9 10 11 12 13
B, D B,C A, B C,D A, C

14+ 15 16 17 18
A D C B C

19 20 21 22 23 24 25 26 27 28
3 2 8 3 4 3 4 1 0 5
Section | - NaNH, S CHs;—- CH,~C=CNa
BrCH, ~CH,—CH; =CH,
1. 0— . —HBL <> CHz— CHz-C=C - CH, - CH, — CHy— CHs
3 3-octyne

8. _Ring (a) is pyranose with a- glycosidic link.

OH + CH3Br
Section 11
2. kvaries exponentially with T. CHs
|
3. Standard enthalpy of formation of elements in 9. ICH;— 2(|:-—3CH3—4CH3

their standard state is taken as zero.
CHs

. - . 2, 2-dimethyl butane
4. Ligand NO, and counter ion CI™ are mutually y
exchanged 10. Ca(OH), and Na,COj3 can be used for softening
temporary hard water.

5. EDTAIs
HOOC HC~_ /CHZ COCH 11. Molar conductivity and electromotive force are
N— CH,—CH,—N intensive properties.
HOOCH,C CF, COOH 12. HNO3 and CH3COONa — HNO3 on mixing with
excess CH3COONa also results in a mixture of
6. Bond energy of C-C is 83Kcalmol™ CH3COOH and CH3;COONa.

7. CHs-CH,-C=CH
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o 23. The compounds soluble in agueous NaOH are

0
H COOH OH
13. _NaOH, @ @
oe oe
Br OH COOH
—Broy +
and
Br Br
etc. N
i /7 \
Section 111 CHy CHs

14. Cu FeS; is converted to Cu;S, FeS and SO..

. . 24. 25.2 and 25.0 has only one digit after decimal
FeS is further oxidized to FeO.

point.

15. FeO forms FeSiO3 with SiO; 235 0
25. 92U+én - l‘;Xe+ 38Sr+4;n

16. Cu(l) is reduced to Cu(0) by S? which gets
oxidized to SO, 0

17. Ecen>0and AG <0 26. 0O o
It is given that Ecen = 70 mV (ii) Zn, H,0O
For a concentration cell E%ei =0 0
. AG° =0 o
18. 70 = 0.06 log— _NaOH,
.05 heat
1

2
. 0.06 log (_o.osj =2x70=140mV Since the _dicarbonyl compound formed is
symmetrical, if can form only one intramolecular
Section IV aldol'condensation product.
. . dc
19. Itis BesAl:SigO1s 27. E:aconstant (5)
20. —NH; and o basi I
— and - roups are basic groups.
2 COO group group 28. /\\ /\
CH3 CH3

21. BrFs is square pyramidal the F=Br-F angle is
90°. 4 bond angle between Br-F bonds on the
plane and 4 with the axial Br-F bond. AzCHZ <D

22. KCN, K2CO3 and LIiCN are the salts of strong
bases with weak acids.
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PART Il

29 30 31 32 33 34 35 36

A B B C D D B A
37 38 39 40 41
ACD BorD A A B

42 43 44 45 46
D C D B A

47 48 49 50 o1 52 53 54 55 56
1 3 4 6 2 1 9 5 7 2

~

3_
XZ—H“ 23 x+1=0
+p°

@+p°xX - (> -2g)x+(q+p°)=0

Section |

29. Non-homogenous linear systems of equations,
three can be only 3 options.
(a) unique solution
(b) no solution 32
(c) infinity may solution
Hence these cannot be a stem with exactly two
distinct solutions

. AX+By+Cz=0—(1)
2A+3B+4C=0
8A-B-10C=0

2 3 4

o lim xInd+ X 8 1 10
30. Limit= x—>0 = - -
¢ +4 x3x°
im  in€ex” (0 ~30+4,  32+20, . -26
Xx—>0 —1 AR (_j 26, 52, -26
3xk"+4 \0 1, 2. 1
lim 1 1
x—0 = X+2y-z =0
3¢+x ‘x4+4_ 12 x—Zerz:O
8Loa*p=-p 33. 2" 5 SinC CosC
o’ +B7 = (o +P)° —3ap (o + B) c
_ .3 .
q=-p"+3-pap 2SinA CosC + 2 2sinA CosA
3paf=q+p SinA
_g+p° 2SinA CosC + 2 CosA SinC
b= (2Sin(A + C)
» 2G+p 2sin120=2x B3 = 3
o +p2 p 3p 2
sum of the roots = = 3
op G+p o e
3p 34. fx)= e” +e
< - x2 —x?
_ 3|03_2“+|031X 3 9(x) xz X2+e -
3p ‘Hps/ h(x) = x“e” +e
3
=P’ -2q f = oxeX —2xe™X
‘ 3
+p x2  2X
= 2xe" - —;
Product of the roots = 1 eX

Equation is
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(2xe2X2 - 2x)

ex?
2 2 2
g = xe* x2x+e* —2xe™¥
N2
, ~ 9 [".x2+1e2" —ZX}
= e €x241- X = -
=€ - X2 x2

e
2 2 2
h' = x2eX x2x+eX x2x—2xe™*
2 2 2
= 2x3eX +2xeX —2xe™*
2 o3 oy
e ‘ZX —2X - 2X
2

eX

f'—0—>x=0or e =1
2%% =

Max f(x) = e+1
e
1
Max g(x) = e+—
e

Max h(x) = e+1
e

35.

24 4
6x6x6 6x6

1
9

36. PQ=6i+j; QR =i + 3j;

RS=-6j—j;SP=i-3j

PQ || RS and QR || SP.

Also mid point of PR & QS in the same.

But |SP| # |PQ| and SP.PQ #0

.. Itis a parallelogram but neither a rthombus nor
a rectangle

39.

Section 11

37.

A
Z1

Sincez=(1-t)z1+tpfor0<t<1,zliesonthe
line segment joining z1 and z»
|z—2z1| +|z-2z2|=PA+PB
=AB =|z1 — 79|
Arg (z — z1) angle made by AP with x — axis

38.

Arg (z — z2) angle made by AP with x — axis
Arg (z2 — z1) angle made by AP with x — axis
Arg (z — z1) = Arg (22 — 21)

z-z4 z-74

2,-21 Z3-7
=z-2z1=|z-z|arg(z-z1)
Zy— 21 = |Zz— 21| arg |Zz— 21|
z-z4 z-74

_ |z-z|arg€-z~  -|z-2z| arg€-z;_ _ 0
|zo-2y| arg, -2y~ —|z,-24] arg €y -2

(tlz, 2ty)

(2%, 2t)

(x=1t%) (x=t2°) + (y = 2t2) (y - 2t) = O

y=0

(x-— tlz) x- tzz) + 431, =0

X — 2+ ) x+ 7 2 + 4tit, = 0

(t2% + %)% = 4(t°6° + 4tity)

(t12 — t22)2 = 16t1t, — (1)

2 2
tl +t2 ‘
- { +t

(t:%, 2ty)

2
2 2
7+t
r2= |:t12——1 2 2 :l +‘1+t2f

~

‘12_,[ 2 5
= TZ’+ G+t

(1 —t 27 2
—z_=r2_(l_t2/_(2)

4] — (L~ )] = 16tt,

1% = (t1 — tz)z + 4tqt) =(t + t2)2
th+to=r
2 2 -2
=Z or -2
tl + t2 r r

X
f(x) = ¢n + le+sint dt
0

X
=/nx + j sinl+cosl t
2 2

0

t t\*
=/nx+|—-2coS—+2sin—
2 2 )y

:fnx—2c055+25in1—(—2)
2 2
:fnx—2cosi+25in5+2
2 2

fi(x) = 1+sin5+cosi
X 2 2
f"(x):_—1+1cosi—lsin5
x2 2 2 2 2
"(x) exists for all X € (0, )
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41.

1 6
£+4J. X 2
35 O1+x2 3
=E+4I—Z —(@
35 3
1 6
| = J. X 2dx
01+x
%
4

= Itane 0d0 =Ty (say)

0
A
To= f tan" 0do
0

s

4 o
= J'tan”‘2 e‘ec2 0-1d6
0

Tn—2

tan" 1o %
= —_— p—
6-1_
1
Thn+Tho= m

|

gl
|
VR
[ A=
I

Iy
N——

7
) 5 ~
= 6[6ec 0-1do

—2+1_7t:l3 b1

15~ 4 15 4
Hence, on substituting in (1)
12 52 2 22

35 15 3 7

c?=a%+b?—2bc Cos C
?=(@a-b)+(2-+3)ab

@x+1P2=(x+2°+(2-3)(X¥-1)

(x2+x+l)

(@x+ 1) - (x+2)° = (2~ ¥3) (¢ - 1)
(x2+x+1)
3x+1) (x-1)=(2- V3) (¥ 1) (C+x+1)
¥ +x+1=32+ 3)
X +x-(5+343)=0

. ~1+4/21+12/3

2
12

\/6+2\/§$z
2

2+ +3)and @+ v3)
Butx=-(2 + \/§)c:2x+1is negative

S x=1+ 43 isthe only possible value

Section |11

Qns. 42, 43, 44

42.

43.

Letus take p=5

a b
Tp:{A:L a]:a,b,CE Ql2,3,4F

Total number of matrices A that can be formed
=5%=125
Matrices are of the form

0 by(1 b 2 b)(3 b)(4 b
c 0f\c 1) (c:2)lc 3)\lc 4
wherebc=0,1,2,3,4

|A] will be of the form

0= bc Oor (1 - bc) or (4 — bc)

Or (9 — bc)

Or (16 — bc)

Symmetric or skew symmetric matrices where |A|

is divisible by 5 (=p)
0 O0)(1 1) (1 4)(2 2)(3 3
are \ ,
0 0){11)(4 1)l2 2)(3 3
4 1)\ (4 4

1 44 4

There are 9 numbers

|A| divisible by p, (=5) but, trace of A is not

divisible by p (=5)
Form

23~
23~
23~
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44.

45,

46.

4
[ .] —4
e 4
Total number = 16

Total number of matrices = 125
Consider all A® whose determinants are divisible
by p (=5)
= 16 + number of matrices of the form
=16+9

B

Hence, the number of A in Tp such that det (A)
not divisible by p (=5) is

=125-25

=100
[For p =5, (p° - 5p) also gives 100. However,
when p = 3, the number of such matrices is
verified as 18, which is obtained by setting p = 3

2 2

Any tangent to %—yj =1 is of the form

Xsec O ytano

3 B i

(1) is a tangent to the circle (x = 4)? + y* = 16
4secO 1

=+4
sec?20 tan?0
+
9 4
€¢seco-32 36
X ~—
9 Q,se<:2+9tan2 0
(4 sech — 3)? = 4(4 sec’d + 9 tan®0)
16 sec’ — 24 sec + 9 = 16 sec’0 + 36 tan’0
= 16 sec’0 + 36 (sec’® — 1)
36 sec’0 + 24 secH - 45=0
12 sec’d + 8 secH — 15 =0
12 sec’0 + 18 sech — 10 sec =15 =0
(6 secO) (2 secH + 3) — 5(2secH +3) =0
As |secH| > 1,

16

-3 . .
seco = - is the only solution

= tand = —ﬁ
2
Equation of the common tangent is
KX:E_XX:iizl
3 2 2 2
X, @ -1
2 4

2x— J5y+4=0

Let a common point of intersection be (3seco,
2tano)

This point lies on the circle

X +y?=8x=0

9sec’0 + 4tan?0 — 24sech = 0

=135’ -24s-4=0

47.

48.

where s stands for sec6
= secH =2

= tand = \/§

Points A and B are 6 2\/§/ and (5,—2\/§/
Required circle is

(x-6)2+y*-12=0
x2+y2—12x+24=0

Section IV
z [0} o
Ci>Ci+Co+Cs= |z z+0?> 1 |=0
z 1 Z+0
1 o ®?
z[l z+0° 11]1=0
1 1 Z+®
R, - R2—-R;, R3 > Rz3—Rpwe get
1 o ©°
z |0 (z+a)2—(o) 1-02 =0
0 1-o Z+ o
ie. z l—()+—o)2"+ —002/— (—(o]—mzl_=0

P Pl20i0? €10
2P - R¢s0y3-0
ie.z°=0

-~ humber of z satisfying is 1

tan6 = tan [g - 56]

O=nn+ ~-50
2
60 = 21 + ~
2
nm T
0=, " n-0,+1+2 —(1
6 12 ! @

Again, sin26 = cos46

=sin [2—46]
2
20 = nm + (-1)" [5—49)
2
nn

Glf[g—maj
0 —+—~— 7

2 2
_ nhn nT -
=+ H’(Z 29J @)

Common values of 0 are
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n -m 57

12 412
Number of solutions = 3

{x} if [X]isodd

49. Here () = {1—{x} if[x]is even

The graph of f(x) follows

72
— J. f(x) cos mxdx _—><10>< Jf(x) cOos ntxdx

—lO

0 1
=n? I{x} cos txdx + I(l— {x} cos mxdx
-1 0
y = =X, dy = —dx
{—X} 1-{x}
I(l {x}) cos mxdx = J-(l {-y}cosnydy
0 0

-1
- J(l— {y}cos nydy

0
= J{y} cosmy dy
-1
0
=n®.2 jx cos txdx
-1

0
= 2n? j{x} cos xdx
-1

=2n?

sin X o ¢ sin X
T Tt
X. - .[1 dx
Y 1 T

e —cosmx Y _4
T T 0

50. Required equation of plane is
x-1 y-2 z-3
2 3 4 =0
3 4 5

i.e., X -2y +z=0. This plane is parallel to the

given plane Ax -2y +z=d

LA=1

: distance between the plane is
=6 =d=6

\/1+ 4+1

51.

52.

2y2

2x +y=1is atangent to X—z——:l

i.e.1=4a’-b’>—(1)

a’ b

Since 2x + y = 1 intersects the directions

X= —
e

a S
at x — axis implies

a_1 i.e.2a=e—(2)
e 2

“1=z=e’-p*=bp’=e’-1
=a’(e®-1)=("-1)
=a’=1
a=lande=2
k-1
a1
Sy — = =
Tl 1 1D
k
Wlk?-sk+1] & 1 1|
k=1| (_1!/| k=1|(_3|/ ¢-1]
Note:
K-3k+1=A(k-1)(k-2)+Bk-1)+C
k=1=C=-1
k=2=B=0

Equating coefficient of k> = A =1
. Required summation

y:Cx_ X_

2
y(1)=1

:O—1+1_l+1_i _i_i
20 13 97! 99
2
- Answer = £+1—i—i
100 98 99
_ 100° | 99x100 100
100 100 100!
2 2
=14 100°-100° _,
100
.Y-y= ﬂ«—x:
dx
X=0
dy
Y=y-—-Xx—2
y dx
dy 3
-Xx—= =X
y dx
dy 3
X—= —y=-X
dx y
dy _1,__ 2
dx X
y x2
- C—J.XZX dx =C- —
X 2
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C- l:1 56. y= 2
2 2sin?0+3.2sin0cos0+5.2cos? 0
c=3 - 2 .
2 1+cosze+3.sin26+5(+cosze/
y= & X _ 2
2 2 6+3sin20+4cos’ 0
y(=3) = _79+2—27=%=9 . Maximum of y = 6T25:2
54. GXB:XG— B:
= GxB}ﬁ—ZﬁxB:xB
- @-a-bba-2fp-a_€ba
= B—G.B:ﬁ—Z BE+25
= (’.5+5:since a-b=0
Q5+B:$><B:>< 6—26:
= Q5+53
=4a’+b’=5

55. 2" equation is
Xyz sin 30 = 2z cos36 + 2y sin 36
Substitute in the first equation
(y +z) cos360 = 2zcos36 + 2ysin30
y(cos36 — 2sin360) = zcos30 — (1)
(y + 2z) cos30 + y sin30 = (y + z) cos30
zcosO + ysin36 =0 — (2)

From (1), (2) X: cos3el _ —(?0536
z cos30-2sin30 sin30

cos30 =0 OR

€0s30 — 2sin30 = -sin30
€0s30 = sin30

tan30 =1

30=2nn+ ~

2

ez_znn_f ezn_n
3 6 3

n=0->2

n=1-3

n=2->1

n=3->1

Total number of solutions =7
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PART IlI

57 58 59 60 61 62 63 64
B C A D C A D C

65 66 67 68 69
A C A D ABC A B A C

70 71 72 73 74

75 76 77 78 79 80 81 82 83 84
6 6 4 5 9 3 4 4 8 3
Section | 62.

. 1
57. As o increases, Xc = — decreases = 7
oC

decreases = I increases.

58.
dv= - GGZ'Trrdr
r
_  Go2n4Rtan6.4R sec’0do
4Rsec©
F = IBd/ = IBRd6O sno do
Component of T, radial, will add upto =-Go.2n.4 R Zo
cos
2T sind—zezT.de 45° inodo
v= [Go2nar=
(cosdb components cancel) = cos? 0
-— — — L o
..lBRde—TdezT-lBR—len GM 45 snodo
= - —= 214R j g
7nR 470 COS 0
59. P; + mgucost = mgsind = P1 and f are in same
direction. .. P and f are in opposite direction. (In Let cosb =t
case P, f acts upward; In case of Py, f acts —Sind do = dt
downward). Substituting
1
60. Ideal gas assumes no intermolecular interaction 2 -
i.e., at low pressures and high temperatures of V= —%.8 J' ¢ dt_
real gas. R t2
61. Formula: 51
R= Pl _ _8GM[1]72
A 7R |14
HereZ:L,A:Lt.'.R:%:% oM > .
- _8CGM( 5 5
7R 4
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63. Since R « L , R100 < Reo < Rao
Power

L > 1 > 1 . This inequality holds at

Rioo Reo Rao
any temperature 6 (assuming same material)
because
1 1 1

> > .
RlOO ‘.+ a@/ RGO (+ (x@/ R40 (+ (x@/

=

64. Ammeter is a galvanometer with a low shunt
resistance. Voltmeter is a galvanometer with a
high resistance in series. Only option C meets
the requirement.

Section |1
65. Apply formulae for v, and v, for elastic collision.
(vp= =M, 2l u, and similarly for vz)
my +m, my +m,

=vi=-2ms" gives
ur=+3mstandusingthisu;=1ms*
.. Bis incorrect.

lkgx3ms™ 1.
Vem = kg— =Zms*

6 kg 2

Vem iS unchanged.
2
. KE= 1><6>< 1 =§J
2 2 4
= Cis incorrect.
Total K.E = %xlx 32=451

= D is incorrect.

66. Direction of lines of force show Qi1 +ve and Q:
—ve density of lines around Q; > that'around Q;

2 |Qal > Qe
.. Null point can only be on the right side of Q..

67.

68.

69.

70.

71.

72.

73.

74.

i1=60° n=+3=r=30°

r, — rp = A = 15° (formula for incident ray as
shown)

=1 = 45°

= internally reflected at 45°

(SincesinC = 1 = C <45°)

V3

From geometry incident angle on AD is 30°

= emergent angle = 60°

.. Angle between incident and emergent rays is
the same as the angle between the two faces =
90°.

AB: Isothermal, BC: isobaric, CA: isochoric.

.. A) correct, Wag = nRTo/n ‘1\/& = PoVo /n4,
0

B) correct: Note : C) and D) are correct only if
BC passes through the origin

Leastcountls = ﬂ = 1—5 =0.025
T 40s

40 s
= ———=2s>
20 cycles

AT =0.025 x T=0.05s
2 ¢ Ag _2AT

> =0.05=5%
T

g= 4n

Section |11

E < Vj so that motion is periodic
Clearly E>0 (= Atx=0,V =0and K.E >0)

[Use dimensional analysis]
B'is-the only correct option.

For |X| > o, V = Vg = constant

>F=-—=0>
d

no acceleration.

Superconducting transition temperature falls
when magnetic field is increased.

Field Tc
0 100 K
75T 75K

. As field varies from zero to 7.5 T, T¢ variation
is from 100 K to 75 K, which clearly shows for a
field of 5 T, Tc must be in between 75 K and
100 K.
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Section 1V

75. Let angular velocity be . Let distances from CM

be dg and da. Then the required ratio is
madao +mgd3o

deéu)
But mada = mgds (- CM definition)

. Ratio = dat+ds _da ,_Ms 4 _ 6
e B ™ 82.
76. Using —£+1:}
u v f
- 1 1 1
i) ———+-—=—=v=100=>mys=-4
0 €25 v 20 2
(i) —otw i L 200 2
¢50_ v\ 20 3 =TT
. Mas _ ¢
Msg
77. o= \/Ewherek: ﬂ
m l
—7 9
— o= ﬂ2>140:\/4.9><10 xnx10
‘m 1x0.1
=n=4
78. y2 =3 sin [2x—6t—g)
= -3 cos (2x - 6t)
Y =yi +y, = amplitude A = {3% +42 =5
79. From Wien’s law: I S 3
T, 500 83,
Energy radiated from surface = 4ar’. oT*
; 2 & 4
.. Ratio of energy emitted = [_1] [_1J
) \T
84.
2
= [lj .34 - 9
3
R
0. 9= §feor e[ )
e pe Re
Rp v6 3
=P =
Re 112
p R
Vesc = 42 gR = Vgsc = 9 p
VESC geRe
[ s
1112

81.

=2 3
121 11

= VB, =3kms™

(1+ ﬁj_@—ﬁj is given as 0.012
c c

=V,-Vv;=0.012x 330=z4
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