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8. E = A2e−αt 
 dE = A2.e−αt × (−α)dt + e−αt × 2A × dA 
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  D is not correct 
 
 
12.  
 
 
 
 
 
 
 
 

A: Breaking stress of P is slightly more than Q. 
Hence P has more tensile strength. 

B: P is more ductile as it can undergo more 
strain before rupture. 

C: Q is more brittle than P as it breaks at a 
lesser strain and stress. 

D: YQ > YP (slope of Q is more) 
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 A: ( )rE  independent of R2 

  Also direction independent of r  
  A → incorrect 
 

B: ( )rE  independent of R2 and also direction 

independent of r    
 B → incorrect 
 
C: E  depends on a & a  
 C → incorrect 
 
D: → correct 
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The spheres attain terminal velocities in opposite 
direction. ∴  0V.V QP <  
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16. U → Xe  +  Sr    + x   + y 
   86    129     2      2 
    MeV  MeV       MeV    MeV 

 

 A: Mass number conservation 
  236 = 140 + 94 + 1 + 1 
  = 236 
  Charge conservation 
  92 = 54 + 38 = 92 
  Energy conservation 86 + 129 + 2 + 2  

= 219 
  A → correct 
 

 B: Energy conserved 
  Charge conserved 
  Mass number not conserved 
  B → wrong 
 

 C: Energy conserved 
  Charge not conserved  
  Mass no. conserved 
  C → wrong 
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Section III 
 
17. sin i = n1 cosθ 
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18. Least sin im, values. 
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Section I 

 

21. Fe

→Br
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P
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↑

O=C
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CH3→

 

 
22. All the 6 given complexes show geometrical 

isomerism 
 
23. B2H6 on alcoholysis gives trimethyl borate and H2  
 3 moles of B2H6 ≡ 6 moles B(OEt)3 
 

24. Given, oo
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25. 
1
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 1 mole of uranium produces 8 moles of helium 
 

26. −
4MnO + 8H+ + 5e− → Mn2+ + 4H2O 

 Fe2+ → Fe3+ + e− 

 −2
42O2C  → 4CO2 + 4e− 

 ∴1 −
4MnO ≡ 1 complex 

 For 1 mole −
4MnO  8 moles of H+ is consumed 

 

27. When heated with H+, the given alcohol 
undergoes dehydration to form an additional 
double bond. Cis-hydroxylation with aqueous 
dilute KMnO4 will give a compound containing 4 
OH group 

 
28. All four reactions give benzaldehyde 
 

Section II 
 
29. Adsorption of O2 on metal surface is an example 

for chemisorption, where in O2 changes to 
−− 2

22 OandO  

 
30. CH3SiCl2 on hydrolysis gives bifunctional 

molecules. So polymerisation is linear  
 (CH3)2SiCl gives only one functional group so 

termination takes place 
 
31. Cu2+, Pb2+ 
 Hg2+ and Bi3+ 
 belongs to ΙΙ group in qualitative analysis 

32. 
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33. β-Naphthol undergoes coupling at position-1 
 
34. T is cumene and U is cumene hydroperoxide 
 

35. 
CHO

CHOR : CH3

 

 This compound on reaction with NH3 gives the 
isoquinoline derivative (A)  

 



 

 

36. The equation P(V−b) = RT is true for the 
monoatomic gas helium. There is no bond 
formation between the atoms of helium 

 

Section III 
 
37. Heat liberated in experiment 1 = 5700 J 
 Calorimeter constant = 1000 J 
 Heat of ionisation of acidic acid  

= (5700 −5600) ×10 
= 1 kJ mol−1 

 

38. 
]Acid[
]Salt[

logpKpH a +=  

  
100
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log7.4 += = 4.7 

 

39. Hydroboration-oxidation results in the formation 
of alcohol with anti-Markovnikov addition of water 
to alkene 
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Section I 

 
41. The required coefficient =  coefficient of x9m 

=(1 + x) (1+ x2) ……(1 + x9) 
  = 1 + coeft of x9 in (1 +x) (1+ x2) ……(1+ x8) 
  = 1 +1 +  coefficient of x9 in (1 + x) + (1+ x2) 
       ………(1 +x7) 
 = 2 + 1 + coeft of x9 in (1+ x) (1 + x2).. ..(1+ x6)  
  3 + coeft of x3 in (1+ x) (1+ x2) (1 + x3) 
      + coeft of x9 in (1 + x) (1 +x2) …. (4x5) 

= 3 + 2 + coeft of x4 in (1 +x) (1+ x2) (1+ x3)     
     (1+ x4) + coeft of x9 in (1+ x) (1 + x2)  

(1 +x3) (1+ x4) 
   = 5 + 2 + 1 = 8 
 

42. 1
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x 22
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 a2 = 9 
 b2 = 5 
 5 = 9(1 – e2) 

 ⇒ e = 
3
2

 

 Foci: (f, 0)  (f2, 0) 
  : (+2, 0)  (–2, 0) 
  Parabola with focus at (2, 0) 
      y2 = 8(x– 2)  P1 
  Parabola with focus at (–4, 0) 
      y2 = –16(x + 4)    P2 
  T1 : Tangent to P1 passing through (–4, 0) 
  T2 : Tangent to P2 passing through (2, 0) 
  y2  =8(x – 2) 
  y2 – 8x + 16 = 0 –––– (1) 
  T, be y – 0 = m1(x + 4) 
     y = m1(x + 4) 
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  Let T2 be   
    y – 0 = m2(x – 2) 
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44. 9x + 3tan–1x  = t 
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 x  = 0 ⇒ t = 0 
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45. f(–x) = –f(x) 

  f(1) = 
2
1
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  F(x) = ∫
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46. r5q3p4s ++=  

 ( ) ( ) ( )rqpzrqpyrqpx +−−++−+++−  

   = r5q3p4 ++=  
 –x + y – z= 4 
 x – y – z  = 3 
 x +  y + z = 5 
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 –1(2) – 1(2) = –4  –1(8) –1(9) + 1(–4 + 3) 
      –8 – 9 – 1 = –18 
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4(0) – 3(2) + 5(–2) 

   = –6 – 10 = –16 
 x = 4 
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2
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2
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2
9
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   = 9 
 = –1(–8) – 1(1) + 1(7) 
  8 – 1+ 7 = 14 
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 7(2a+ 6d) = 6 (2a+ 10d) 
  14a + 42d = 12d + 60d 
   2a = 18d 
    a = 9d 
 130< a + 6d < 140 
 130 < 9d + 6d < 140 
 130 < 15d < 140 
 ∴ d = 9 
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50. From the table at x = –1, 0, 2 (f –3g) = 3 
 ∴ Using Rolle’s theorem, (f’ –3g’) = 0 
 at least one point in (–1, 0) 
 and at atleast one point in (0, 2) 

Now let (f’ – 3g’) = 0 at more than one point, (i.e.) 
at 3 points in (–1, 0) ⇒ (f – 3g)” = 0 at atleast 2 
point in (–1, 0) ⇒ contradicts given fact (f – 3g)” 
≠ 0 in  
(–1, 0) 
same applies to (0, 2) 

 
51. We have,  

 sin6at = [ ]20at2cos15at4cos6at6cos
32

1 −+−−
 

 [ ]6at2cos4at4cos
8
1

atcos4 +−=  

∴ et 

[ ] [ at4cose10at6cose1
32
1

atcosatsin tt46 +−=+

     ]tt e44at2cose31 +−  

Now, ∫
π π

+
−=

4

0
2

4
t

1a

1e
dtatcose  

Also, ∫
π π

+
−=

0
2

4
t

1a

1e
dtatcose , for a = 2 and 4 

 ∴ Required integral 

   = 
1e

1e4

−
−

π

π
 for all even a 

 
52. Equation of PM is 
  xx1 – yy1 = 1 
 ∴ coordinates of M 

  are 







0,

x
1

 

 Centroid = (l, m) 

 ⇒ l3
x
1

xx
1

21 =++  and y1 = 3m 

 ⇒ 









++= 2

1
1 x

x
1

x
3
1

l –––– (1) 

 Slope of PM = 

1
1

1

x
1

x

y

−
 

 Slope of PN = 
21

1

xx
y
−

 

 PM ⊥PN ⇒ 1
xx

y

x
1

x

y

21

1

1
1

1 −=
−

+
−

 

   ⇒ y1
2 + ( ) 0xx

x
1

x 21
1

1 =−









−  

   ⇒ x1
2 – 1 + ( ) 0xx

x
1

x 21
1

1 =−









−  

   ⇒ x2 = 2x1 

  ∴ l = 









++ 1

1
1 x2

x
1

x
3
1

 

   = 









+

1
1 x

1
x3

3
1

 

  ∴ 1x,
x3

1
1

x

1
3

3
1

dx
d

12
1

2
11

>−=













−=l

 

 Also y1 = 3m 
   
 Also, y1 = 3m 

  ⇒ m = 1y,
3
1

 

    = 1x,
3
1 2

1 −  



 

 

  ⇒ 1x,
1x3

x
dx
dm

1
2

1

1

1
>








 −
=  

 
 
 
 
 
 
 
 
 
 

∴ 1 = 0y,
3
1

dy
dm

dy
dm

3 1
11

>=⇒  

 
53. Point of intersection of x2 + (y – 1)2 = 2 and 

 x + 3y = 3  is P(2, 1) ⇒ PQ = PR = 
3

22
 

 ⇒ 
















3
5

,
3
4

Qand
3
1

,
3
8

R  

 Tangent at Q is 1
b3

y5

a3

x4
2

1

1
2

1

=+  

 ⇒ 3
b

y5

a

x4
2

1
2

1

=+  is tangent 

 Same as a1
2 = 4,  b1

2 = 5 

  ∴ e1
2 = 

5
1

b

ab
2

1

2
1

2
1 =−

 

 Tangent at 3
b

y

a

x8
3
1

,
3
8

R
2

2
2

2

=+⇒







 

  ⇒ a2
2 = 8  and b2

2 = 1 

    ∴e2
2 = 

8
7

 

 Now, e1
2 + e2

2  = 
40
43

 is true 

  e1
2e2

2 = 
40
7

 ⇒ e1e2 = 
102

7
 is true 

  e1
2 – e2

2 = 
40
27

40
835

5
1

8
7 =−=−  

  ∴ (C) is not true 
 

54. α = 
11
6

sin3 1−  

 sinα = 






 −=×−×
121
48

1
11
18

11

6
4

11
6

3
3

3
 

      = 
12111
7318

×
×

> 0 

 cosα = cos3θ, θ =  sin–1

11
6

 

  = 4cos3θ – 3cosθ 

  = cosθ 







−






 − 3
121
36

14  

   = 






 −=






 −−
121

23
11
85

121
144

1
121
36

1  

       =  
1331

8523−
 < 0 

 sinβ = sin3φ, φ = cos–1

9
4

 

  =3sinφ – 4sin3φ 
  = sinφ (4cos2φ – 1) 

  = 0
729

6517
81
17

.
9
65

1
81
64

81
65 <−=−=







 −  

 cosβ  = cos3φ, φ = cos–1

9
4

 

  = 4cos3φ – 3cosφ 

  = 
9
4

0
729

1794
3

81
64 <×−=







 −  

 cos(α + β) =           
 

                    0
729

6517
12111
7318

729
1794

1331
8523 >

×
×+×−−

 

 

55. x1 + x2 =  
α
1

  x1, x2 = 1
a
a =  

 given |x1 – x2| < 1 ⇒ 

  5
1

14
1

22
<

α
⇒<−

α
 

  ∴ α2 > 
5
1

 

  0
5
12 >






 −α  

  0
5

1

5

1 >








−α










+α  

  
 
 
 
 

 
5

1
;

5

1 >α−<α  

 
56.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+ + 

5

1
– 

5

1−  









0,

x
1

 

y 

M 

P 

x 

(x1, y1) 

0 
N 

H = 48 

C 

m1 = 8 

A 
B 

m2 = 96 

D 

y = f(x) 

h = 4 

2
1 1 



 

 

 m ≤ ∫ ∑
1

2

1

Mdx)x(f  

 m = ABCofAreabh
2
1 ∆=  = 14

2
1

2
1 =××  

 M  = ABDofAreabh
2
1 ∆=  = 1248

2
1

2
1 =××  

 ∴ 1 ≤ A ≤ 12 
 

Section III 
57.  f(x) = x F(x), x ∈R 
 ∴ f(1) = 0; f(3) = –12  ⇒ f(2) < 0 
       Option (B) is correct 
 f’(x) = x F’(x) + F(x) 
 f’(x) = F’(1) + F(1) = F’(1) < 0 
    Option (A) is correct 
 f’(x) =  X F’(x) + F(x) 
 in (1, 3) F(x) < 0 and F’(x) < 0 
 ∴ f’(x) < 0 in (1, 3) 
 ∴ Option (C) is correct 
 

58. 12dx)x('Fx
3

1

3 −=∫  

 40dx)x("Fx
3

1

3 =∫    f(x) = xF(x) 

       F’(x) = 
x

)x(f
 

      F’(x)  = 
2x

)x(f)x('xf −
 

 12dx)x('Fx
3

1

2 −=∫  

 ⇒ [ ] 12dx)x(f)x('xf
3

1

−=−∫  

 ⇒  ∫∫ −=−
3

1

3

1

12dx)x(fdx)x('xf  

 ⇒ ( ) ∫∫ −=−
3

1

3

1

12dx)x(f)x(fdx  

  [ ] ∫ −=−
3

1

3
1 12dx)x(f2)x(xf  

  3f(3) –1f(1) – ∫
3

1

dx)x(f2  

     = –12 

  3x – 12 – 0 –2 ∫
3

1

dx)x(f  

      = –12 

   ∫ −=
3

1

12dx)x(f  

  Option (D) is correct 
 We have f(x) = xF(x) 

      f’(x) = xF’(x) + F(x) 
   f’(1) = F’(1) + F(1) = F’(1) 
   f’(3) = 3F’(3) + 3F(3) – 4 

  ∫ =
3

1

3 40dx)x("Fx  

  ( )∫ =
3

1

3 40)x('Fdx  

  [ ] ∫ =−
3

1

23
1

3 40dx)x('Fx3)x('Fx  

  27F’(3) –F’(1) + 3 × 12 = 40 

  
( ) )

4)1('f
3

43('f72 =−+
 

  9f’(3) + 36  – f’(1)  = 4 
  9f’(3) – f’(1) + 32 = 0 ⇒ Option (C) is correct 
 

59.  Ι ⇒ Red – n1    Black – n2 
 ΙΙ ⇒ Red – n3   Black – n4 
 Let E be the even of drawing a red ball 

 P(E)  = 
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43
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43

3
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  = ( )given
3
1

 

 Checking the options: 

 Option (A) : 
3
1

4
1

2
1

4
1

20
5

6
3

20
5

=
+

=
+

 

 Option (B) 
3
1

6
1

3
1

6
1

60
10

9
3

60
10

=
+

=
+

 

 Option (C) 
3
1

5
1

7
4

5
1

25
5

14
8

25
5

≠
+

=
+

 

 Option (D) 
3
1

5
1

3
1

5
1

25
5

18
6

25
5

≠
+

=
+

  

 

60. Ball transferred from Box Ι to Box ΙΙ 
 ∴ No of balls in Ι is n1 + n2 – 1 
 After transfer P(Red) =  

( )
( ) 1nn

n
nn

n
1nn

1n
nn

n

21

1

21

2

2121

1

−+
×

+
+

−+
−×

+
 

  
( )

( )( )1nnnn
1nnn

2121

211

−++
−+

 

 ⇒ 
3
1

nn
n

21

1 =
+

 

 ∴ 3n1 = n1 +n2 ⇒ 2n1 = n2 



 

 

*This key had been prepared by our academic team. However, in questions where multiple 
interpretations are possible, there may be divergence from the official answer key published / 
to be published by the examination authorities and no claim shall lie against T.I.M.E. Pvt. Ltd. 
in the event of any such mismatch between official key and T.I.M.E.s key.
 


