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Section I 
 
1. 

t
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

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t

,m1 
 is given constants 

 C
t
Q



  

 In the temperature range 0 – 100 K, the curve is 

non-linear. Hence 
t
Q

 does not vary linearly. 

Hence option A is not correct. 
 

2. 
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Z
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 r = 4.5a0  Z = 2,   n = 3 to n = 2 
       n = 3 to n = 1 
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9
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36
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3. dcosd + d(d)sin = 0 

 d(d) = -d cot d = 


 dcot
sin2

 

  d(d) = 


 d
sin
cos

2 2
 

 |d(d)| decreases with . 

  
d
dd = cot d 

 i.e., fractional error decreases with . 
 
 
4.  
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3

rî
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 Since E is not zero, additional W involved 
 ∴ V is not constant. 

 E =  2
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 Note that  21 rr   = 'OO = constant 

 =  21
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not constant in magnitude. 
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5.  
 
 
 
 
 
 Enclosed current not zero; Option A correct. Due 

to cylinder, tangential due to solenoid, axial B is 
wrong  
due to solenoid, field exists  
C is wrong  
due to only cylinder, D correct. 

 

6. f2 =  
uwv
uwvf1


  

 A: means w,  ∴ f2 > f1, A correct 
B: means +w,  f2 > f1, B correct [w << v] 
C: means w, same as A, C wrong 
D: same as B, D is wrong 

 
7.  
 
 
 
 
 
 
 

PE = 











L2
GMttancons2

L
GMm 2

 

(Initial) 

∴ K.E = 
L

GMm2 , (for escape) 

L
GM2v

L
GMm2mv

2
1

e
2
e  , B is correct 

D is correct (Conservative field) 
 
8.  
 
 

A is correct (reverses velocity] 

 At collision, 
3

ttcosu
2

u
110

0 
  

 After collision, 
3

ttcosu
2

u
220

0 
  

 B) required time = 2t1 = 
k
m

3
2

3
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

 B wrong 

 C) required time = 2t1 + 
k
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4
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3
2

4
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
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      = 
6
7
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m

   C wrong 
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






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



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
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k
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3
5

k
m

 D is correct 

 
Section II 

 

9. At Q: mgh  mgh sin30  150 = 2mv
2
1  

  2mv
2
1150

2
mgR

  

 200  150 = 2v
2
1  

 v = 10 
 

10. N  mg cos60 = 
R

mv2
 

  N = 
40

1001
2
1101   

 = 7.5 N 
 

11. i - 3

5

104
106

V
P




  = 1.5  102 A 

 Loss = i2R = 2.25  104  0.4  20 
 = 18  104 

 ∴ Fractional loss = 5

4

106
1018



 = 0.3 

  30% 
 
12. Step up 4000 V  40000 V 
   ( 1 : 10) 
 Step down 40000 V  200 V 
   (200 : 1) 
 Option A is correct. 
 

13. P = 
2

QW , A = R2 

 indE  = BR
dt
dB.A

dt
d 2
  

 Eind = 
2

RB
R2

Eind 


 

 
14. Eind. Q = Foce 

 Acceleration = 
m

Force  

 ∴v = a  t   (t = 1 s) 

 = 
m

EQ  

 ∴ L = mvR = EQR = QR
2

RB







  

 ∴ M = L 

R 
2R 

m 
M M 

L 
2L 

u0 
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 = 
2

QBR2  (negative) 

 (negative : Lenz law) 
 Option B 
 
 
 
15. (A) HHeLi 2

1
4
2

6
3   

        015    002   014 – Not possible 
 (B) 
  BiHPo 209

83
1
1

210
84   

    983       008   980  Not possible 
 (C) Reverse of A possible 
 (D) Not possible 
 

16. 5422
m
1

M
1

2
p2









  

 M : m 
 206 : 4 
 103 : 2 

 
105
1035422 = 5319 keV 

 
Section III 

 
17.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 32p0V0 = p0V5/3  V’ = 8V0 
 (P) G  E: W = nRT = nR.31T0 
  = 31p0V0:  P  4 
 (Q) G  H: W = nRT = nR.24T0 = 24p0V0 
  Q  3 

 (R) F  H: nCVT = 0T24.R
2
3.n = 36p0V0 

  R  2 
 (S) F  G: nR 32T0 n32 
  = p0V0 32  5  0.7 
  = 160p0V0n2 
  S  1 
 

18. List II 
 1.  QN0 0

1
15

7
15

8
  

 2.   ,HeThU 4
2

234
90

238
92   [P] 

 3.  pHPbBi 1
1

184
82

185
83     [S] 

 4. XLaPu 99
37

140
57

239
94  Fission   [R] 

 ∴ P  2, Q  1,  R  4,  S  3 
 
19. P:  e  f: 2 > 1 3 < 2  (2) 
 Q:  e  g: 1 = 2    (3) 
 R:  e  h:  1 > 2,    2 > 3  (4) 
  Also 
  C > 45 

  sinC > 
2
1  

  1 sinC = 2  sinC = 
2
1

1

2 

  

 1 < 2 2 
  ∴ Option (4) 

 S: e  i: C < 45  1 > 22  
  (Similar derivation as above) 
  ∴ Option (1) 
 P  2 Q  3,   R  4,  S  1 
 Option D 
 

20. P: K = 

mole
sN

etemperaturmole
Energy

N
nT
pV

N
R

0AA

  

  = 
eTemperatur

Energy  

  = ML2T2K1   :  (4)  
 Q: : ML1T1   : (2) 
 R: h = Js : E  Time = ML2T1  (1) 

 S: K:  W m1 K1 = 11KL.
T
E  = ML1T3K1   (3) 

 P  4,  Q  2,  R  1,  S  3 
 ∴ Option (C) 

F 

E 
p0, V0, T0 p0, 8V0, 8T0 p0, 32V0, 32T0 

H G 

32p0, V0, 32T0 
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Section I 
 
21. Al from Al2O3 and Mg from dolomite are obtained 

by electrolysis. 
 
22. Enthalpies of compounds vary with temperature 
 K does not depend on the initial amount of the 

reactant 
 At a given temperature, K is independent of 

pressure of CO2. 
 H is the same for a reaction at constant 

temperature in the presence or absence of 
catalyst 

 

23. 
O

OO
O

OO  
 

       

O

OO  
 O3 is diamagnetic since no unpaired electrons  
 O3 has bent structure. 
 
24. nBeBe 1

0
8
4

9
4   

 DBeHBe 2
1

8
4

1
1

9
4   

 
25. Bromine replaces SO3H group which is ortho or 

para to a hydroxyl or amino group. So the final 
product is 2,4,6-tribromophenol 

 
26. Reaction I  
 In aqueous NaOH, rate of bromination of acetonr 

is independent of the concentration of bromine. 

 CH3 C CH3

O

   2Br CH3 C Br3

O

 

 NaOH  CH3COONa + CHBr3 
Excess acetone will remain in the reaction 
mixture 
 
 

Reaction II 

CH3 C CH3

O

 
COOHCH

Br

3

2  CH3 C CH2Br

O

 + HBr 

 
27. Ksp(Ag2CrO4) = [Ag+]2 ]CrO[ 2

4
  

 1.1  1012 = (0.1)2  ]CrO[ 2
4
  

 = ]CrO[ 2
4
  = 1.1  1010 

 

28. 

OH

CH3

CHCl3

OH

 
 

   

OH

H3C CHCl2

OH

CH3

+
CHO

 
 

Section II 
 
29. Pb2+ + HCl  PbCl2 + 2H+ 
 PbCl2 is a ppt soluble in hot water 
 
30. Na2CrO4 (yellow solution) is the only possibility 
 
31. P is maleic acid. Reaction of P with dilute 

alkaline KMnO4 gives S (meso form). R is 
fumaric acid which reacts with dilute alkaline 
KMnO4 to give racemic mixture containing 
equivalent amount of T & U 

 
 
 



 

 

32. Q is fumaric acid  

   Ni/H2Q O

O

O
Succnic anhydride

 

 
+ V

AlCl3

 
 

 

C CH2 CH2 COOH

O

 

          

(1) Zn-Hg / HCl
(2) H3PO4

 
 

      
O

(W)  
 
33. K to L and M to N  P constant 
  V  T 
 L to M and N to K  V constant  
  P  T 
 
34. Isochoric process  volume remains as constant 
 
35. OHNaOClNaClClNaOH2 22

dilcold
  

 OH3NaClONaCl5Cl3NaOH6 23
conchot

2   

 
36. SO2 + Cl2  

]R[
22ClSO  

 
]S[
5

SOCl PClP 2   

 PCl5 
)T(

43
OH POH2   

 

Section III 
 
37. P  Addition of (C2H5)3N to CH3COOH produces 




COOCHandHN)H(C 3352  and hence 
conductivity increases. (C2H5)3N exists in the 
molecular form and hence conductivity remains 
as constant (P3) 

 Q  Addition of KI to AgNO3 replaces Ag+ with 
K+, conductivity remains as a constant. Finally KI 
increases the conductivity (Q4) 

 R  Initially OH is replaced with CH3COO and 
hence conductivity decreases. 

 CH3COOH does not change conductivity (R2) 
 S  Initially H+ is replaced with Na+ and hence 

conductivity decreases. Addition of NaOH 
increases the conductivity (S1) 

 
38. P = 3 
         E      nE 
 Fe3+ + 1e  Fe2+    0.77     0.77V 
 Fe2+ + 2e  Fe      0.44     0.88 V 
 Fe3+ + 3e  Fe       0.037   0.11 V 
 Q = 4 
 2H2O  O2 + 4H+ + 4e E = 1.23 V 
 2H2O + O2 + 4e  4OH E = 0.40 V 
 4H2O  4H+ + 4OH  E =  0.83 V 
 R = 1 
 Cu / Cu2+ // Cu+ / Cu 
 2Cu+  Cu2+

  + Cu 
cellE = 0.52  0.34 

          = 0.18 V 
 S = 2 
         E      nE 
 Cr3+ + 3e  Cr   0.74      2.22 V 
 Cr2+ + 2e  Cr    0.91      1.82 V 
 Cr3+ + 1e  Cr2+   0.4         0.4 V 
 
39. P  Warm 
 Q  Cl2 
 R  I2 
 S  NO 
 
40. (P) is dehydrohalogenation reaction. (Q) is 

Williamson’s synthesis. (R) involves addition of 
water according to Markovnikov’s rule for which 
oxymercuration-reduction is used. (S) involves 
addition of water against Markovnikov’s rule for 
which hydroboration-oxidation is used 
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Section I 

 
41. 1, , 2 

 P = 








































n21nn

2n43

1n32

 

 P2 = 0

n42n2n2

4n286

2n264



































 

 P2 0 
  4 + 6 + ------+2n+2  0 
  4 (1+2+4 + -------2n–2) 0 
  2n –2  4 
  n  3 
  55, 56, 58 are not multiple of  
  B, C, D 
 
42. Let is analyze | |x+2| –2|x|| = |g(x)| 
 x < –2  g(x) = –(x+2) –(–2x) = x –2 < 0 
   |g(x)| = 2–x 
 –2  x < 0 
   g(x) = x +2+ 2x = 3x +2 

   3x +2 = 0  x = 
3
2  

 –2 x < 
3
2   |g(x)| = –3x –2 

 
3
2 < x < 0  |g(x) = 3x+2 

 x  0 
  g(x) =  x+2 –2x = 2 – x 
   2 – x = 0  x = 2 
 0  x < 2  |g(x)| = 2 – x 
 x   2  |g(x)| = x –2 
 
 

 
 
 
 R1 : f(x) = –2x –x –2 – (2 – x) = –2x –4 
 R2 : f(x) = –2x + x +2 +3x +2 = 2x  + 4 
 R3 : f(x) = 2x + x + 2 –3x –2 = –4x 
 R4: f(x) = 2x + x + 1 – (2–x) = 4x 
 R5: f(x) = 2x + x + 2 – (x – 2) = 2x + 4 

 f(x) continuous at x = –2, 
3
2 , 0, 2 

 f’(x) changes sign at –2, 
3
2 , 0 only  

 Option : A and B 
 

43.  = 
2
i

2
3
   

 = cos
6

sini
6




  

  = 6
in

e


 

 P = 















,3,2,1n,e 6
in

 

 Cos n 

 0  <
3
  

 H1 : z = e1, 0   
3
  

 H2: z = ei, 
 0

3
2  

 PH1 = z1 = 6
i

e


 

 PH2 = z2 = 


i6
5.i

e,e  

 Arg 
6

5or
3
2

z
z

2

1 








  

   C and D 
 
44. 3x = 4x –1 
 taking log 
 xlog3 = (x –1) log4 

R1 R2 R3 R4 R5 

-2 
3
2  0 2 



 

 

 x (log4 –log3) = log4 

   = 
3log2log2

2log2
3log4log

4log





 

 A, B, C are correct 
 

45. L1 : 
2

3
3

y
0

5x



  

 L2: 








2
ze

1
y

0
x coplanar 

0
210

230
005







 

 ( –5) ((3–) (2–) –2) = 0 
 ( –5) (4 –5 + 2) = 0 
  = 5, 2 –5 + 4 = 0 
  = 5,  = 4, 1 
A and D are correct 
 

46. cosp = 
qr2

prq
3
1 222 
  

  p = 4n +2 
     q = 4n 
     r = 4n –2 
  
 
 
 
 

    
 2n4n8

2n42n4n16
3
1 222




  

  
n2n4
n4n2

n16n32
n32n16

3
1

2

2

2

2









  

 
1n2

2n
3
1




  

 2n –1 = 3n –6 
  n = 5 
  sides 22, 20, 18 
  Choice (B), (D) 
 

47. 



























































a

1a

aaa
a

n
11n

n
n

n
2

n
1n

 

 = 









































































n
11

2
1a

n
11

n
n

n
2

n
1

n
1

1a

aaa

 

  

   1a
1

1a2
2

2
1a

dxx
lim

1

0
a

n 



















 

    60
1

1a21a
2




 

 (a +1) (2a +1) = 120 

 a = 7, a = 
2
17  

But when a = 
2
17 , the integral 

1

0
adxx  

does not exist. 
and hence a = 7. 
 

48.  
 
 
 
 
 
 
 
 
 
 
 

Choice (A) 
 (x–3)2 + (y–4)2 = –9 + 25 

       = 16 
    x = 0 
  (y +4)2 = 16 –9 = 7 
   y = 4 =  7  
   y = –4 7  
   74,0      74,0   

   Distance = 72  
 Choice B  

(x –3)2 + 
4
4999

2
7y

2









  

  x = 0              = 
4

49  

  9
4
49

2
7y

2









  

      = 
4

13  

 Choice (C)  
(y –4)2 = 7  

   y = 74   
 Choice (D)  
     (x–3)2 + (y–4)2 = –9 + 25 
       = 16 
    x = 0 
  (y +4)2 = 16 –9 = 7 

0 3 x 

A 

y 

B 

C (3) 72  

P 

Q R 2n 

2n +2 

2n –2 2n –2 

N M  

L 2n +2 



 

 

   y = 4 =  7  
   y = –4 7  
   74,0      74,0   

   Distance = 72  
 (A) and (c) true 

(y –4)2 = 7  
   y = 74   
 

 Section II 
 
49. e–x (f’’(x) – 2f’(x) + f(x) > 1 
 Let g(x) = e–x f(x)  g’(x) = e–x [f’(x) – f(x)] 
 g’’(x) = e–x[f’’(x) – 2f’(x) + f(x)] 
  g’’ (x) > 1 
 Integrating twice we get  

 g(x)  









 bax

2
x2

 

  f(x)  x
2

ebax
2
x











  

 given f(0) = f(1) = 0  b = 0 a = 
2
1  

  f(x)  x
2

e
2

xx









  ____ (2) 

 Let h(x) = (x2 – x) ex 
        h’(x) = (x2 – x + 2x – 1) ex 
   = (x2 + x – 1) ex 
  h’’(x) = (x2 + x – 1 + 2x + 1) ex 
      = (x2 + 3x) ex 
  h’(x) = 0  x2 + x – 1 = 0 

  x =  1,0
2

15


 ; 
2

15 
 (0, 1) 

 at x = ,
2

15  h’’(x) > 0 so it is minimum of h(x) 

 at x = 
2

xx,
2

15 2  ex is negative  

 and f(0) = f(1) = 0 
  f(x) < 0 x(0, 1) 
 

50. e–x f(x) has its minimum at 
4
1  in [0, 1] 

  xe,
4
1,0 






  [f’(x) –f(x)] < 0 

  & in xe,
4
3,

4
1 







 [f’(x) –f(x)] > 0 

 Since e–x > 0 

 f(x) – f(x) < 0   in 







4
1,0    (C) 

 
   

51. Since tangents at the extremities of focal 
chord intersect at the direction of 82 = 4ax, 
the x  – coordinate of point of intersection is 
a, this point lies on y = 2x + a 
 y = –a 
 Equation of PQ is y (–a) = 2a (x – a) 
 2x + y = 2a    ______ (1) 
 
 
 
 
 
 
 
 
 

Area f PQR =  
a2
ax4y 2

3

1
2
1   

                     = 
2

a55 2
 

Perpendicular distance (–a, a) to 2x + y = 2a 
is a5  

 
2
1  PQ  a5  = 

2
a55 2

  PQ = 5a  

 
52. The line PQ is 2x + y = 2a 
  equation of the pair of lines joining vertex  

to P & Q is  
2ay2 = 4ax (2x + y) 
i.e., 4x2 + 2xy – y2 = 0 

If  is the angle, tan = 
14
412


  

      

= 
3

52
  

But  is obtuse  

 tan = 
3

52
   

 
53.  

 
 
 
 
 
 
 
 
 
 

  
3i1

3yi1x
i31

i31z







  

 =    
31

3i13yi1x


  

 =  
4

33x3yi1   

 

4 

y 

z 

Q 

P 

R 



 

 

 y + x 3  > 0 

Required area = 8 – 
6

16
2
1 

  

           = 8 
3

20
6

40
6
11 











   

 
54.  
 
 
 
 
 
 
 
 

 Min |1–3i–3| = AB = 
2

33
2

33 


  

 
55. Required probability  

 = 
12.9.6

5.4.24.3.33.2.1   

  = 
648
82  

 
56.  

 
 
 
 

Required probability  

  = 





































2

11

2

11

2

11

2

11

c12
c4.c3

3
1

c9
c3.c2

3
1

c6
c3.c1

3
1

pc
c3.c2

3
1

 

= 
181
55

11
2

6
1

5
1

6
1




 

 
Section III 

 
57.   P: [abc] = 2 
 [a  b    b  c    c  a] = [abc]2 
  [2(a  b) 3 (b  c) (c  a)] 
 = 6[abc]2 
 = 6  4 = 24 
  choice (3) 
      Q: [a + b  b + c   c + a] = 2 [abc] 
  [3(a + b)  b + c (c + a)] = 12[abc] 
 But [abc] = 5 
  12  5 = 60 
 choice (4) 
 

     R: 
2
1 (a  b) = 20 

  
2
1 ((2a + 3b)  (a – b)) = 

2
1 (5 (a  b)) 

    = 5  20 
    = 100 
 choice (1) 
     S: a  b = 30 
  Area = (a + b)  a = a  b = 30 
  choice (2) 
  code (c) 
 
58. Gen point L1 : (2 +1, –, –3) 
      h2: (  +4,  –3, 2 –3) 
 for sime  and  
  2 +1 =  +4 and – =  –3    –3 = 2 –3 

  
3
32




 

             3         = 6   = 2 
       = 1 
  Point of intersection (5, –2, –1) 
  

0c6b5a3
0c2ba7




 

335
c

426
b

106
a








 

32
c

48
b

16
a




 

2
c

3
b

1
a




 

 <a, b, c> = <1, –3, –2> 
 a = 1, b = –3, c = –2 
 d = 13 

 
59.  P:
 

2
1

4

2

2
1

2
1

2

2
1

2
1

2 y

y1

ytantan
y

y1
cotcot

y1

ysinsiny
y1

1coscos

y
1
























































































 


























 = 

2
1

4

2

2

2

2

2

2 y

y1

y
y

y1

y1

y1

y
1






























































 

 = 
2
1

2

2

22

22

2 y
yy1

y1y.y1
y
1





































 

 =    2
1

442
2 yy1y

y
1











  

3R 
1W 

2B 

B1 

3R 
2W 

4B 

B2 

4R 
3W 

5B 

B3 

B 

A(1, –3) 0y3x   



 

 

 =   2
1

2
1

44 1yy1   = 1 
 Choice (4) 
 

       S: 




















1x6

6xsinsin
x1

xcotcot
2

1
2

1  

 
1x6

x6

x1

x
22 




 

 
1x6

x6
x1

x
2

2

2

2





 

  12x4 = 5x2  

  x2 = 
12
5   x = 

32
5  

    Q: cosx + cosy = – cosz    ____ (1) 
 Sinx + siny = – sinz      ____ (2) 

Squaring and adding (1) and (2) 
We get 1 + 2 cos (x – y) = 0 

 4cos2 






 
2

yx  = 1 

 cos 
2
1

2
yx








   

    R: 






 
 x
4

cos . cos2x + 2sin2x 

 = sin2x + cos2x cos x
4
  

 cos2x 








2
1.xsin2  = 2 sin2x + sin2x 

 2  sinx . cos2x = sin2x + 2sin2x 
  

 2  cos2x = 2cosx + 2 sinx 

        cos2x = cos 






 


4
x  

 x = 
4
    secx = 2  

 
60. E is (0, 3) 
 F is (x0, y0), 
 G is (0, y1) 
 where y0

2  = 16x0 , y0 = mx0 +3 
 and (0, y1) satisfies yy0 = 8(x +x0) 
 so that y0y1 = 8x0 
 Area, A = area of  with vertices 
  (0, 0), (x0, y0 –3), (0, y –3) 

 =   2yx
2
1

10   

 = 



























 3

x4
x8x

2
1

0

0
0  

 = 













 0

2
3

0 x3x2
2
1  

 0
2
3x

2
30

dx
dA

0
0

   x0  = 1 

      y0 = 4 (y0 >0) 
      m = 1 
      y = 2 

 and them area  = 
2
1  

 So  Ans (A) 
 
 
 
 


