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General Instructions:

1. This question paper contains three sections – A, B and C. Each part is compulsory.

2. Section - A has 6 short answer type (SA1) questions of 2 marks each.

3. Section – B has 4 short answer type (SA2) questions of 3 marks each.

4. Section - C has 4 long answer-type questions (LA) of 4 marks each.

5. There is an internal choice in some of the questions.

6. Q 14 is a case-based problem having 2 sub-parts of 2 marks each.

Section A

Section B

1. Evaluate: [2]

OR

Evaluate the integral: 

∫ dxx+1
x(x+logx)

∫ dxsin x+cos x

sin 2x√

2. Find the general solution of the differential equation: [2](1 + ) + 2xy =x2 dy

dx

1
(1+ )x2

3. For any vector , prove that [2]a⃗  | × + | ×a⃗  î|2 a⃗  ĵ|2+| × = 2|a⃗  k̂|2 a⃗ |2

4. Find the direction cosines of the line , z = -1. Also, find the vector equation of the

line.

[2]=x−2
2

2y−5

−3

5. The probability that a person will get an electric contract is  and the probability that he will

not get plumbing contract is .If the probability of getting at least one contract is , what is

the probability that he will get both?

[2]2
5

4
7

2
3

6. There are three urns A, B, and C. Urn A contains 4 red balls and 3 black balls. Urn B contains 5

red balls and 4 black balls. Urn C contains 4 red and 4 black balls. One ball is drawn from each

of these urns. What is the probability that 3 balls drawn consist of 2 red balls and a black ball?

[2]

7. Evaluate [3]∫ xdxe−3x cos3

8. Solve the differential equation: (x2 + 3xy + y2) dx - x2 dy = 0 [3]

OR

Verify that y = Aeax cos bx + Beax sin bx, where A and B are arbitrary constants, is the general

solution of the differential equation  + (a2 + b2)y = 0.− 2a
yd2

dx2

dy

dx

9. If  and  then find a unit vector perpendicular

to both of the vectors and 

[3]= + 2 + , = 2 +a⃗  î ĵ k̂ b ⃗  î ĵ = 3 − 4 − 5 ,c ⃗  î ĵ k̂

( − )a⃗  b ⃗  ( − ).c ⃗  b ⃗ 

10. Find the intercepts made on the coordinate axes by the plane 2x + y - 2z = 3 and find also the

direction cosines of the normal to the plane.

[3]
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Section C

CASE-BASED/DATA-BASED

 

OR

Show that the line whose vector equation is  is parallel to the

plane whose vector equation is . Also, find the distance between them.

= 2 + 5 + 7 + λ( + 3 + 4 )r ⃗  î ĵ k̂ î ĵ k̂

⋅ ( + − ) = 7r ⃗  î ĵ k̂

11. Evaluate: [4]∫ dxx2

( +6x−3)x2

12. Using integration, find the area of the region enclosed between the two circles x2 + y2 = 1 and

(x - 1)2 + y2 = 1.

[4]

OR

Using integration find the area of the region bounded by the curve y , x2 + y2 - 4x = 0

and the x-axis.

= 4 − x2− −−−−√

13. Show that the lines  and  are coplanar. Also

find the equation of the plane containing them.

[4]= =x−a+d

α−δ

y−a

α

z−a−d

α+δ
= =x−b+c

β−γ

y−b

β

z−b−c

β+γ

14. Kamal is a good card player. He plays many magic tricks on cards as well. He has a deck of 52

cards. He shuffled the cards well and drew five cards one by one, with replacement.

Find the probability that

i. all five cards are diamonds.

ii. none is a diamond.

[4]



Section A
1. Let I =  ...(i) 

Now let (x + log x) = t then, we have 
d(x + log x) = dt 

 

 

 

Putting (x + log x) = t and  in equation (i), we get 

 

 
= log |t| + c 
= log |x + logx| + c 

 I = log |x + log x| + c
OR

Let,  

Put, sin x - cos x = t 
 (cos x + sin x)dx = dt 

Also (sin x - cos x)2 = t2 

 sin2x + cos2x - 2 sin x cos x = t2 

 1 - t2 = sin(2x) 
 

 

= sin-1(sin x - cos x) + C (  t = sin x - cos x)

2. Given  

 

This is of the form  

where  and  

This the given differential equation is linear 

Now,  
 

Therefore the solution is given by  

 

 

 y. (1 + x2) = tan-1 x + C.

3. Let  ...(i) 
Then, 

 

 

∫ dx
x+1

x(x+log x)

⇒ (1 + )dx = dt1
x

⇒ ( )dx = dt
x+1
x

⇒ dx = dtx

x+1

dx = x
x+1

I = ∫ × dtx+1
x×t

x

x+1

= ∫ dt
t

⇒

I = ∫ ( )dxsinx+cosx

sin 2x√

⇒

⇒

⇒
∴ I = ∫ dt

1−t2√

= t + C     . . .[∫ = + C]sin−1 dt

−a2 x2√
sin−1 x

a

∵

(1 + ) + 2xy =x2 dy

dx

1
1+x2

⇒ + ⋅ y =
dy

dx
2x

1+x2

1

(1+ )x2 2

+ Py = Q
dy

dx

P = 2x
1+x2 Q = 1

(1+ )x2 2

IF = ⇒ I ⋅F =e∫ Pdx e
∫ 2xdx

1+x2

= = 1 +elog(1+ )x2
x2

y ⋅ (1.F) = ∫ (1.F)Q + C

⇒ y(1 + ) = ∫ (1 + ) dx+ Cx2 x2 1

(1+ )x2 2

⇒ y(1 + ) = ∫ + Cx2 dx

1+x2

⇒

= + +a⃗  a1 î a2 ĵ a3k̂

× = ( + + )×a⃗  î a1 î a2 ĵ a3k̂ î= ( × ) + ( × ) + ( × )a1 î î a2 ĵ î a3 k̂ î = − +a2k̂ a3 ĵ

⇒ | × = +a⃗  î|2 a2
2 a2

3
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and  

 

 

 ....using (i)
4. The Cartesian equations of the given line are  

, z = -1 

These above equations can be re-written as 

 or,   

This shows that the given line passes through the point ( 2, , - 1) and has direction ratios proportional to 2, - 

,0. So, its direction cosines are 

, ,  or,   

or,   

The given line passes through the point having a position vector  and is parallel to the

vector . 
Therefore, it's vector equation is  

5. Consider the following events:  
A = Person gets an electric contract, B = Person gets plumbing contract . 
Therefore,we have,  

P(A) = , P (  ) =  and P (A  B) =  

By addition theorm of probability, we have,
P (A  ) = P (A) + P ( B ) - P ( A  B ) 

  =  +  - P ( A  B ) 

 P (A  B ) =  +  -  = 
6. We are given that, 

Urn A ( 4R + 3B) 
Urn B ( 5R+ 4B) 
Urn C ( 4R + 4B) 
Required probability is given by, 
P(two red and one black) = P(Red from urn A)  (Black from urn B)  P(Red from urn C) + P(Red from urn A) 

 (Red from urn B)  P(Black from urn C) + P(Black from urn A)  (Red from urn B)  P(Red from urn C) 
=  

=  

=  

= 

Section B
7. Given integral is:   

Using trigonometric identity cos 3x = 4 cos3 x - 3 cos x 
 =   

 =  ...(i) 
Using a general formula i.e. 

 =  (a cos bx + b sin bx) 

× = ( + + )×a⃗  ĵ a1 î a2 ĵ a3k̂ ĵ= ( × ) + ( × ) + ( × ) = −a1 î ĵ a2 ĵ ĵ a3 k̂ ĵ a1k̂ a3 î

⇒ | × = +a⃗  ĵ|2 a2
1 a2

3

× = ( + + )×a⃗  k̂ a1 î a2 ĵ a3k̂ k̂= ( × ) + ( × ) + ( × ) = − +a1 î k̂ a2 ĵ k̂ a3 k̂ k̂ a1 ĵ a2 î

⇒ | × = +a⃗  k̂|2 a2
1 a2

2

∴ | × + | × + | ×a⃗  î|2 a⃗  ĵ|2 a⃗  k̂|2= + + + + +a2
2 a2

3 a2
1 a2

3 a2
1 a2

2

⇒ | × + | × + | ×a⃗  î|2 a⃗  ĵ|2 a⃗  k̂|2= 2( + + ) = 2|a2
1 a2

2 a2
3 a⃗ |2

=x−2
2

2y−5

−3

= =x−2
2

2y−5

−3
z+1

0
= =x−2

2

y−5/2

−3/2

z+1
0

5
2

3
2

2

+ +22 (− )3

2

2
02√

−3/2

+ +22 (− )3

2

2
02√

0

+ +22 (− )3

2

2
02√

, ,02
5/2

−3/2

5/2

,− ,04
5

3
5

= 2 + −a⃗  î 5
2
ĵ k̂

= 2 − + 0b ⃗  î 3
2
ĵ k̂

= (2 + − )+ λ(2 − + 0 )r ⃗  î 5
2
ĵ k̂ î 3

2
ĵ k̂

2
5

B
¯ ¯¯̄ 4

7
∪ 2

3

∪ B ∩
⇒ 2

3
2
5

(1 − )4
7

∩

⇒ ∩ 2
5

3
7

2
3

17
105

× ×
× × × ×

× × + × × + × ×3
7

5
9

4
8

4
7

4
9

4
8

4
7

5
9

4
8

× ×5
42

16
126

20
126

15+16+20
126

=51
126

17
42

∫ xdxe−3x cos3

⇒ ∫ xdxe−3x cos3 ∫ (cos3x+ 3cosx)dx1
4

e−3x

⇒ ∫ (cos3x+ 3cosx)dx1
4

e−3x ∫ cos3xdx+ ∫ cosxdx1
4

e−3x 3
4

e−3x

⇒ ∫ cosbxdxeax eax

+a2 b2



 =  ((-3) cos 3x + 3 sin 3x) 

 ((-3) cos 3x + 3 sin 3x) =  (sin 3x - cos 3x) .....(ii) 

 =  ((-3) cos 3x + 3 sin 3x) =  (sin x - 3 cos x) 

 (sin x - 3 cos x) .....(iii) 

On putting (ii) and (iii) in (i) 

 +  =  +  (sin x - cos x) 

 = 

8. The given differential equation is,

(x2 + 3xy + y2) dx - x2 dy = 0 

 

This is a homogeneous differential equation 

Putting y = vx and , we get 

 

 = 1 + 3v + v2 - v 

 = 1 + v2 + 2v 

 

Integrating both sides, we get 
 

 

 = log |x| + C 

 log |x| +  = -C 

Putting v = , we get 
 log |x| +  = C1 

where, C1 = -C 

Hence, log |x| +  = C1 is the required solution.

OR

We have, y = Aeax cos bx + Beax sin bx ...(i) 
Differentiating (i) on both sides w.r.t. x, we have, 

 = A  [eax {-b sin bx) + aeax cos bx} + B  (eax (b cos bx) + aeax sin bx} 

 = a (Aeax cos bx + Beax sin bx} + b {-Aeax sin bx + Beax cos bx} 

 = ay + beax {B cos bx - A sin bx} ...(ii) [using (i)] 
Differentiating (ii) on both sides w.r.t. x, we have, 

 + b [eax (-b B sin bx - b A cos bx) + (B cos bx - A sin bx) aeax] 

 - b2 {Aeax cos bx + Beax sin bx} + a {beax (B cos bx - A sin bx)} 

 [using (i) and (ii)] 

 + (a2 + b2) y = 0, which is the required differential equation.

Hence,the given functional relation is a solution of the given differential equation.
9. According to the question,

 

 and

⇒ ∫ cos3xdxe−3x e−3x

(−3 +)2 32

⇒ e−3x

(−3 +)2 32

e−3x

6

⇒ ∫ cosxdxe−3x e−3x

(−3 +)2 12

e−3x

10

= e−3x

10

⇒ ∫ cos3xdx1
4

e−3x ∫ cosxdx3
4

e−3x (sin 3x− cos3x)e−3x

4×6
3e−3x

4×10

⇒ ∫ xdxe−3x cos3 { + }+ Ce−3x (sin 3x−cos 3x)

24

3(sin x−3 cos x)

40

⇒ =
dy

dx

+3xy+x2 y2

x2

= v + x
dy

dx

dv

dx

v + x =dv

dx

+3v +x2 x2 v2x2

x2

⇒ x dv
dx

⇒ x dv

dx

⇒ dv = dx1
1+ +2vv2

1
x

∫ dv = ∫ dx1
1+ +2vv2

1
x

⇒ ∫ dv = ∫ dx1

(1+v)2

1
x

⇒ − 1

(1+v)

⇒ 1
(1+v)

y

x

∴
x

(x+y)

x

(x+y)

dy

dx
⋅ ⋅

⇒
dy

dx

⇒
dy

dx

= a
yd2

dx2

dy

dx

⇒ = a
yd2

dx2

dy

dx

⇒ = a − y + a( − ay)
yd2

dx2

dy

dx
b2 dy

dx

⇒ − 2a
yd2

dx2

dy

dx

= + 2 + ,a⃗  î ĵ k̂

= 2 +b ⃗  î ĵ



 

Now,  

Now,  

Now, a vector perpendicular to and  is given by 

 

 

 

Unit vector along is given by 

 

10. According to question the given equation of the plane is 2x + y - 2z = 3 
Dividing both sides by 3, we obtain 

 

......(1) 

We know that the equation of the plane whose intercepts on the coordinate axes are 
 .......(2) 

Comparing ( 1) and (2), we get 
 

Finding the direction cosines of the normal 
The given equation of the plane is 
2x + y - 2z = 3 

 

 which is the vector equation of the plane. 
Also,  

So, the unit vector perpendicular to   

So, the direction cosines of the normal to the plane are, 

OR

We know that line  and plane  is parallel if 

  
Given, the equation of the line 

 and the equation of the plane is; 

, 

So,  and  

Now,  

 
= 1 + 3 – 4 = 0 

= 3 − 4 − 5c ⃗  î ĵ k̂

− = (i + 2 + ) − (2 + )a⃗  b ⃗  ĵ k̂ î ĵ = − + +î ĵ k̂

− = (3 − 4 − 5 ) − (2 + )c ⃗  b ⃗  î ĵ k̂ î ĵ = − 5 − 5î ĵ k̂

( − )a⃗  b ⃗  ( − )c ⃗  b ⃗ 

− ) × ( − ) =(a
→

b ⃗  c ⃗  b ⃗ 
∣

∣

∣
∣
∣

î

−1

1

ĵ

1

−5

k̂

1

−5

∣

∣

∣
∣
∣

= (−5 + 5) − (5 − 1) + (5 − 1)î ĵ k̂

= (0) − (4) + (4)î ĵ k̂

= −4 + 4ĵ k̂

( − ) × ( − )a⃗  b ⃗  c ⃗  b ⃗ 

−4 +4ĵ k̂

|−4 +4 |ĵ k̂

=
−4 +4ĵ k̂

(−4 +)2 42√

=
−4 +4ĵ k̂

32√

=
−4 +4ĵ k̂

4 2√

= − +
ĵ

2√

k̂

2√

+ + =2x
3

y

3

−2z

3
3
3

⇒ + + = 1x

( )3

2

y

3
z

( )−3

2

+ + = 1x
a

y

b
z
c

a = ;b = 3;c =3
2

−3
2

⇒ (x + y + z ) ⋅ (2 + − 2 ) = 3î ĵ k̂ î ĵ k̂

⇒ ⋅ (2 + − 2 ) = 3r ⃗  î ĵ k̂

| | = = 3n⃗  4 + 1 + 4
− −−−−−−

√

= =n⃗  n⃗ 

| |n⃗ 

2 + −2î ĵ k̂

3
= + −2

3
î 1

3
ĵ 2

3
k̂

, ,2
3

1
3

−2
3

= + kr
→

a
→

b
→

⋅ = dr
→

n
→

⋅ = 0b
→

n
→

= (2 + 5 + 7 ) + k( + 3 + 4 )r
→

î ĵ k̂ î ĵ k̂

⋅ ( + − ) = 7r
→

ı̂ ȷ̂ k̂

= + 3 + 4b
→

1̂ ȷ̂ k̂ = + −n
→

î ĵ k̂

⋅b
→

n
→

= ( + 3 + 4 )( + − )ı̂ ȷ̂ k̂ ı̂ ȷ̂ k̂



So, the line and the plane are parallel 

We know that the distance (D) of a plane  from a point  is given by 

 

 

 

 

 

Since the distance is always positive, 
So, 

Section C

11. To find:  

We will use following Formula ;

i. 

ii. 

Given equation can be rewritten as following: 

 

 

 

Let  ...(ii) 

Using partial fractions, 

 

6x - 3 = A (2x + 6) + B 
Equating the coefficients of x, 
6 = 2A 
A = 3 
Also, -3 = 6A + B 

 B = -21 
Substituting in (I), 

 

 

 

 

Therefore, 

12. We have 

x2 + y2 = 1 ..... (i) 

and (x - 1)2 + y2 = 1 ...... (ii) 
From (i) and (ii) we get point of Intersection as 

 

As shown in fig. 

⋅ = dr
→

n
→

a
→

D = ⋅ −da
→

n
→

n

= (2 + 5 + 7 )a⃗  ı̂ ȷ̂ k̂

D =
(2 +5 +7 )⋅( + − )−7ı̂ ȷ̂ k̂ ı̂ ȷ̂ k̂

+ +(−112 12 )2√

D = 2+5−7−7

1+1+1√

D = − 7

3√

D = 7

3√

∫ dxx2

( +6x−3)x2

∫ = log + Cdx

−x2 a2

1
2a

∣∣
x−a

x+a
∣∣

∫ dx = log |f(x)| + C
(x)f ′

f(x)

⇒ ∫ dx
+(6x−3)−(6x−3)x2

( +6x−3)x2

⇒ ∫ dx
( +6x−3)−(6x−3)x2

( +6x−3)x2

⇒ x− ∫ dx6x−3

+6x−3x2

I = ∫ dx
6x−3

+6x−3x2

(6x− 3) = A( ( + 6x− 3))+ Bd

dx
x2

⇒

⇒ ∫ dx
3(2x+6)−21

( +6x−3)x2

⇒ 3 × log + 6x− 3∣∣x2 ∣∣+ − 21∫ dxC1
1

(x+3 −()2 12√ )2

⇒ 3 × log + 6x− 3∣∣x2 ∣∣+ − 21 × × log +C1
1

2 12√

∣
∣
x+3− 12√

x+3+ 12√

∣
∣ C2

I = 3log + 6x− 3∣∣x2 ∣∣− × log + C
7 3√

4
∣
∣
x+3−2 3√

x+3+2 3√
∣
∣

∫ dx = xx2

( +6x−3)x2 −3log + 6x− 3 +∣∣x2 ∣∣
7 3√

4
× log + c∣

∣
x+3−2 3√

x+3+2 3√
∣
∣

A( , ) ,D( , )1
2

3√

2
1
2

− 3√

2



 

Required Area , (Area OABD) 

 

 

 

 

 

sq. units

OR

The given curves are   and x2 + y2 - 4x = 0, 

Now,     x2 + y2 = 4...(i) 
This represents a circle with centre O(0,0) and radius =2 units. 
Also, 

x2 + y2 - 4x = 0   (x - 2)2 + y2 = 4 ...(ii) 
This represents a circle with centre B(2, 0) and radius = 2 units 
Solving (i) and (ii), we get 

(x - 2)2 = x2 

 x2 - 4x + 4 = x2  
 x = 1 

 
Thus, the given circles intersect at   and   
A rough sketch of the curves is, 

 

 Required area 
= Area of shaded region OABO 

 

 

 

   

 

= 2[ ydx+ ydx∫
1/2

0 ∫
1

1/2

= 2[ dx+ dx∫
1/2

0 1 − (x− 1)2− −−−−−−−−−
√ ∫

1
1/2 1 − x2

− −−−−
√

= 2[ +
(x−1)

2
1 − (x− 1)2− −−−−−−−−−

√ 1
2

+ 2[( )]sin−1 x−1
1

1/2

0

x
3

1 − x2
− −−−−

√ + 1
2

sin−1 ( )x
1

1

1/2

= [(x− 1) + (x− 1)]1 − (x− 1)2− −−−−−−−−−
√ sin−1 1/2

0
+[x + (x)]1 − x2

− −−−−
√ sin−1

1

1/2

= [− + 8 (− )− (−1)]
3√

4
sin−1 1

2
sin−1 + [ (1) − − ( )]sin−1 3√

4
sin−1 1

2

= [− − + ] + [ − − ]
2√

4
π

6
π

2
π

2

3√

4
π

6
= ( − )2x

3

3√

2

y = 4 − x2
− −−−−

√

y = 4 − x2
− −−−−

√ ⇒

⇒

⇒
⇒
∴ = 3 ⇒ y = ±y2 3–√

A(1, )3
–√ C(1,− )3

–√

∴

= dx+ dx∫
1

0 4 − (x− 2)2− −−−−−−−−−
√ ∫

2
1 4 − x2

− −−−−
√

= [ (x− 2)1
2

4 − (x− 2)2− −−−−−−−−−
√ + ( )]4

2
sin−1 x−2

2

1

0

+[ x + ( )]1
2

4 − x2
− −−−−

√ 4
2

sin−1 x

2

2

1

= [− + 2 (− )]
3√

2
sin−1 1

2
− [0 + 2 (−1)]sin−1

+ (0 − )+ 2[ (1) − ( )]1
2

3
–

√ sin−1 sin−1 1
2



   

 

 Square units

13. The given equations of lines are 

 ...(i) 

 ...(ii) 

We know that the lines 

 and  

are coplanar , therefore  

Here, x1 = (a - d), y1 = a, z1 = (a + d); 

x2 = (b - c), y2 = b, z2 = (b + c); 

 and 
 

 

 

 

Therefore, the given lines are coplanar. 
Equation of the plane containing the given lines is given by 

 

Applying C1  C1 + C3 - 2C2, we get 

 

 
 

 x + z - 2y = 0 
Therefore, the required equation of the plane is x + z - 2y = 0.

CASE-BASED/DATA-BASED
14. Let X represents the number of diamond cards among the five cards drawn. Since, the drawing card is with

replacement, so the trials are Bernoulli trials. In a well-shuffled deck of 52 cards, there are 13 diamond cards.
Now, p = P(success) = P(a diamond card is drawn) 

 

and q=p(failure)  

Thus, X has a binomial distribution with  
n = 5  and  

Therefore, , 
where r = 0,1, 2 3, 4, 5 

= − − 2 × + 2
3√

2
π

6
× − + 2 × − 2 ×π

2

3√

2
π

2
π

6

= − + 2π−3
–√ 2π

3

∴ A = ( − )4π
3

3
–

√

= =
x−(a−d)

α−δ

y−a

α

z−(a+d)

α+δ

= =
x−(b−c)

β−γ

y−b

β

z−(b+c)

β+γ

= =
x−x1

a1

y−y1

b1

z−z1

c1
= =

x−x2

a2

y−y2

b2

z−z2

c2

⇔ = 0

∣

∣

∣
∣

−x2 x1

a1

a2

−y2 y1

b1

b2

−z2 z1

c1

c2

∣

∣

∣
∣

= (α− δ), = α, = (α+ δ)a1 b1 c1

= (β− γ), = β, = (β+ γ)a2 b2 c2

∴

∣

∣

∣
∣

−x2 x1

a1

a2

−y2 y1

b1

b2

−z2 z1

c1

c2

∣

∣

∣
∣

=

∣

∣

∣
∣

(b− c) − (a − d)

α− δ

β− γ

b− a

α

β

(b+ c) − (a + d)

α+ δ

β+ γ

∣

∣

∣
∣

= { → + }

∣

∣

∣
∣

2(b− a)

2α

2β

b− a

α

β

b+ c− a + d

α+ δ

β+ γ

∣

∣

∣
∣ C1 C1 C3

= 0

∣

∣

∣
∣

x− (a − d)

α− δ

β− γ

y − a

α

β

z− (a + d)

α+ δ

β+ γ

∣

∣

∣
∣

→

= 0

∣

∣

∣
∣

x− z− 2y

0

0

y − a

α

β

z− (a + d)

α+ δ

β+ γ

∣

∣

∣
∣

⇒ (x+ z− 2y) − [α(β+ γ) − β(α+ δ)] = 0
⇒ (x+ z− 2y)(αy − βδ) = 0
⇒

= =13
52

1
4

= 1 − p = 1 − =1
4

3
4

p = 1
4

q = 3
4

P(X = r) =  nCrp
rqn−r

P(X = r)=  5Cr( )1
4

r
( )3

4

5−r



i. P(all the five cards are diamonds)= P(X = 5) 

ii. P( none is a diamond) = P(X = 0) 
 

= = 1 = = 5C5p
5q0 p5 ( )1

4

5 1
1024

= = (q 5C0p
0q5 )5

= =( )3
4

5 243
1024
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