CBSE Board
Class XII Mathematics
Board Paper 2009

Delhi Set - 2
Time: 3 hrs Total Marks: 100

General Instructions:

1. All questions are compulsory.

2. The question paper consists of 29 questions divided into three Section A, B and C.
Section A comprises of 10 questions of one mark each, Section B comprises of 12
questions of four marks each and Section C comprises of 7 questions of six marks each.

3. All questions in section A are to be answered in one word, one sentence or as per the
exact requirement of the question.

4. There is no overall choice. However, internal choice has been provided in 4 questions
of four marks each and 2 questions of six marks each. You have to attempt only one of
the alternatives in all such questions.

5. Use of calculators is not permitted. You may ask for logarithmic tables, if required

SECTION - A

1. Using principal value, evaluate the following: sin* (sin %j

2. Evaluate: [sec®(7-x)dx

1
3. If j(3x2 +2x+k) dx =0, find the value of k.
0

4. 1If the binary operation * on the set of integers Z, is defined by a * b = a + 3b?, then find
the value of 2 * 4.

5. IfAisaninvertible matrix of order 3 and |A| = 5, then find |adj. A|.
6. Find the projection of  on b if 4.b=8 and b=2i+6]j+ 3k
7. Write a unit vector in the direction of b=2i + 3 +2Kk.

8. Write the value of p for which a= 3i+ 2} +9k and b=1+ pi +3kare parallel vectors.

9. Ifmatrix A =(1, 2, 3), write AA’, where A’ is the transpose of matrix A.



10.

11.

12.

13.

14.

15.

16.

17.

2 3 4
Write the value of the determinant |5 6 8
6x 9x 12x

SECTION -B

Differentiate the following function w.r.t. x:
y = (sin)* + sin-! Jx

eX

Evaluate: | dx.
5—4e* —e%*
OR
(x—4)e"
Evaluate: j—3 dx.
(x-2)
Prove that the relation R in the set A = {1, 2, 3, 4, 5} given by R ={(a, b): |a - b| is even},

is an equivalence relation.

Find dy if (x? +y*)? = xy.
dx
OR

2
If y =3cos(log x) + 4sin(log x), then show that X2 4y + xd—y +y=0

dxz dx

Find the equation of the tangent to the curve y = +/3x—2 which is parallel to the
line4x-2y+5=0
OR

Find the intervals in which the function f given by f(x) = x* + %, x # 0 is (i) increasing
X

(ii) decreasing.

Ifaxb=c¢xd and axc¢=bxd, show that a—d is parallel to b—¢,wherea#d and b# ¢

Prove that: sin™! é +sint i +sint E _I
5 13 65 2

Solve for x: tan'!1 3x + tan'! 2x = %



18.

19.

20.

21.

22.

23.

24,

Find the value of A so that the lines,
1—x:y—2:z—3 and X—lzy—1:6—z

are perpendicular to each other.
3 2\ 2 3\ 1

Solve the following differential equation:

(1+x2)3—§+y=tan_1 X

Find the particular solution, satisfying the given condition, for the following differential
equation:

ﬂ_z+cosec(zj=0;y=0 when x=1
dx x X

Using properties of determinants prove the following:
a b C
a—b b-c c—a|=a’+b%+c3—3abc

b+c c+a a+b

A die is thrown again and again until three sixes are obtained. Find the probability of
obtaining the third six in the sixth throw of the die.

SECTION -C

Two groups are competing for the position on the Board of Directors of a corporation.
The probabilities that the first and the second groups will win are 0.6 and 0.4
respectively. Further, if the first group wins, the probability of introducing a new
product is 0.7 and the corresponding probability is 0.3 if the second group wins. Find
the probability that the new product was introduced by the second group.

Using matrices, solve the following system of equations:
2x-3y+5=11

3x+2y-4z=-5

X +y -2z= -3



25.

26.

27.

28.

29,

. COSX
Evaluate: |
OeCOSX +e CosX

OR

Evaluate: [(2logsinx —logsin2x)dx

o —N |3

Prove that the curves y?= 4x and x*= 4y divide the area of the square bonded
by x=0,x=4,y=4,and y = 0 into three equal parts.

Find the equation of the plane passing through the point (-1, 3, 2) and perpendicular
to each of the planes x + 2y + 3z=5and 3x + 3y +z = 0.

Find the volume of the largest cylinder that can be inscribed in a sphere of radius r.

OR
A tank with rectangular base and rectangular sides, open at the top is to be constructed
so that its depth is 2 m and volume is 8 m>. If building of tank costs Rs. 70 per square
metre for the base and Rs. 45 per square metre for sides, what is the cost of least
expensive tank?

A diet is to contain at least 80 units of Vitamin A and 100 units of minerals. Two foods
F1 and F» are available. Food F1 cost Rs. 4 per unit and F2 costs Rs. 6 per unit. One unit
of food F1 contains 3 units of Vitamin A and 4 units of minerals. One unit of food F»
contains 6 units of Vitamin A and 3 units of minerals. Formulate this as a linear
programming problem and find graphically the minimum cost for diet that consists of
mixture of these two foods and also meets the minerals nutritional requirements.
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SECTION - A

As sin“1(sin6) = 6 so sin”! (sin(g—nn :3_n

5 5

But SFg| ° T
5 2 2

So

R [ (37[) R ( an
sin sin| — | |=SIn sinf T———
5 5
. _1( . 271?)
=SIin sin—
5

2T | -m T
Z—E —_—,—
re 7

.. Principal value is Zgn

I=[sec’(7—x).dx
Substituting 7-x=t = -dx=dt
= —jsec2 t.dt

=—tan(7-x)+c

1
Given: [(3x* +2x+Kk)dx =0
0

3x3  2x° '
=|—+—+kx| =0
3 2 0

:>[x3+xz+kxl1)=0
=[1+1+Kk]=0

=k=-2



Given a*b=a+3b? Va,bez

Therefore, 2%4=2+3x4%=50

ladjA| = |A|n_1, where n is order of square matrix
Given A is an invertible matrix of order 3

adi <[ AP

A|=5

Since,

~.JadjA|=(5)* =25

Projection of aonb is given by ﬁ (1)
b
- - - N N A\
Givena.b=8 and b=2i+6j+3k
‘B‘=«/4+36+9=7

Substituting value in (i) we get

Projection of aonb :g

. A A A
b=2i+j+2k

. . o S b
Unit vector in the direction of bis given by ﬂ

b 2i+j+2k

G

1 VASEVAN A\
=3 2i+j+2k



10.

Two vectors a and b are parallel
5=3f+2}+9ﬁand6=f+pj+3ﬁ
a=Ab

So 3i+2j+9k =A(i+pj+3k)
:333+2}+9ﬁ=%ﬁ+pk]+3kﬁ

= A=3, pA=2and9=3A

p=?
P73

Given:A=[1 2 3]
1
LA =2
3
1
AA'=[1 2 3] 2|=[1x1+2x2+3x3]
3
=[14]

2 3 4
A=|5 6 8
6x 9x 12x

1
3x

234
A=3x[5 6 8
234
Now, R; =R,
A=0



SECTION -B

11. y=(sinx)" + sintVx
Let u= (sinx)X and v=sin '/x

Nowy=u+v

dy_du dv
dx dx dx

Consider u = (sinx)X
Taking logarithms on both the sides, we have,
logu =xlog(sinx)

Differentiating with respect to x, we have,

%.j—z=log(sinx)+

——.COSX
sinx

du . . ¥
— = (sin X)X (log(smx) + xcotx)_(ll)
Consider v =sin ! \/;

dv 1 1

—=——x——__(iii

dx J1-x 2vx (i)

From (i), (ii) and (iii)

We get, (;_y =(sinx)" (log(sinx)+x cotx)+
X

1
2x\1-x



eX

12, 1= [————dx

\5—4e* —e*

Let e* =t e*dx=dt
Now integral I becomes,
dt

=
54t —t?

dt

:I -
J5+4—4—4t—t
dt

I\/9—(4+4t+t2)
dt

J9—(t+2)?

dt

«/32 —(t+ 2)2

1(t+2)+c
3

=1

==

==
=1=]

=I=sin"

X
1=sin1 (&2 ¢

OR
_(x—4)e"
I—j—(x_2)3 .

I=jex| X722 |4
le [(x—zf (x-2) *

1 2
[=(eX - d
Je [(x—Z)Z (x—2)3] ’

Thus the given integral is of the form,

dx

-2

I=]e* |f(x) + f'(x)|dx where, f(x) = ;2; £(x)= (x—2)

(x-2)
€ dx— 2e*
o oy
_ et eX(—Z)d 2"
2 w2 o2

e
(x—2)*

dx

3dX+C

+C

So,I=




13. A={1,2,3,4,5}
R={(a, b): |a —b| is even}
For R to be an equivalence relation it must be
(i) Reflexive, |a-— a| =0
~.(a,a)eR forvVaeA

So Ris reflexive.
(ii) Symmetric,

if(ab)eR= |a - b| is even
= |b—a|is also even
So R is symmetric.
(iii) Transitive
If (a,b) eR (b,c) € Rthen (a,c) eR
(a,b) eR= |a —b| is even
(b,c) e R :>|b—c| is even
Sum of two even numbers is even
So,Ja—b|+[b—(|

=la—b+b—c|=[a—c|iseven since,

So(a,c) eR
Hence, R is transitive.

a—Db|and|b—c|are even

Therefore, R is an equivalence relation.

2

14. <X2+y2) =xy___ (i)
Differentiating with respect to x, we have,
dy xdy
2(x% +y?)| 2x+2y.—L |=y+ =L

( Y )( y dxj Y dx

:>4X(x2+y2)+4y(x2+y2) d—y:y+ﬂ
dx dx
dy

:>_
dx

(4x2y + 4y3 - x) =y-— 4x3 - 4xy2

dy _ y—4x3 —4xy2
dx 4X2y + 4y3 -X




OR

y =3cos(logx)+4sin(logx)

Differentiating the above function with respect to x, we have,

dy _ —3sin(logx) N 4cos(logx)
dx X X
dy :
Xd_ =-3sin(logx)+4cos(logx)
X
Again differentiating with respect to x, we have,

d%y +d_y _ —3cos(logx) 4sin(logx)

dx? dx X X
d? d
20y y .
= x"—=+x——=—(3cos(logx)+4sin(logx
7 (3cos(logx) (logx))
= 2—y+xd—y——y
dx?  dx
2
= 2‘—erxd—y+y:0
dxz dx



15. Curvey =+/3x—2

1
dy 1(3x 2)2 x3
dx

SN (1)
dX 2«/(3){ 2)
Since, the tangent is parallel to the line 4x - 2y =-5
Therefore, slope of tangent can be obtained from equation
g x5
2 2
Slope = 2
_dy
dx =2-(2)
Comparing equations (1) and (2), we have,
3,1 _
2 \3x-2

14

3x-2 3
1 16

=

3x-2 9

=9=48x-32
41

= X=—
48

We have y=+/3x -2

Thus, substituting the value of x in the above eqation,

41
y= 3><E—2
41
=>y= E_Z
41-32
16
)
16



Equation of tangent is

ey

= 24y =48x-23
= 48x—-24y-23=0



OR

f(x)=x3+i3,x;t0
X

= f'(x) =3x?-3x7* =3(X2 —%j
X

= f'(x) =3x%-3x* =Xi4(x6 —1)

= f'(x) =Xi4(x2 —1)(){4 +x° +1)

N f'(X) =3£X4+—)12+1}(x2 _1)

X
(i) For an increasing function, we should have,
f(x)>0

:3£#+—’f+1}(x2 —1)>0

X

4 2
:>(x2—1)>0 g XX AL
X4—

:(X—l)(x+1)>0

= xe(—o,~1)uxe(1,0)

= + 1

So, f(x) is increasing on (—o0,—1)U(1,)

(ii) For a decreasing function, we should have f'(x) <0
f(x)<o

:3(X4+_)22+1J(x2—1)<0
X
x2-1)<0 |3 XX 2150
N 4+42+1
X

=(x-1)(x+1)<0
=xe(-1,0)uxe(0,1)

oy

So f(x) is decreasing on (—1,0)(0,1)



16.

17.

Given:axb=cxd and axc=bx a_(l)
b-

To show a—d is parallel to

ie(a-d)x(b-c)=

c

Consider (- d)x(b-¢) =ax(b—c)-dx(b-c)

—axb-axc—dxb+dxc
=cxd-bxd—dxb+dxc [

‘ax
=cxd-bxd+bxd—cxd [.dx
=0

Therefore a—d is parallel to b—

b=
c=

C.

cxdand axc=bx
—cxdandd xb=—

Toprove:sin_1 i +sint i +sin! E _I
5 13 65) 2

Let sin~! (gj =X

=sinx=—
5

:>cos>(:x/1—sin2x :g

sin_1 i =
13 y

= siny —i
13

= cosy :»\/1—sin2y :%

65
:>cosz=\/1—sinzz =%

4 5
tanx=—,tany =—,tanz=—
3 12 63

tanZ—E:cotZ— (1)
63

d
b

]
xa]



tan(x+y)

tan(x+y)=
(x+y) 1-tanx.tany

4 5
7+7
:>tan(x+y)=u
20
1-22
36

= tan(x+ )—g
Y 16

= tan(x +y)=cotz...[from equation (1)]
T
=tan(x+y)= tan(E - zj
=>X+y= T s
2

T
:>x+y+z:5

OR

—1-6x%=5x

= 6x” +5x~1=0

= 6x* +6x-x—-1=0

=>x=-1or %

Here (-3)x(-2) <1 [+(-3)x(-2)=6>1]
Therefore, x =—1 is not the solution.

When substituting x :% in 3x x2x,wehave,

1. . . .
Hence x =— is the solution of the given equation.




18. Given lines are
1-x y-2 z-3

3 2\ 2
and

x-1 y-1 6-z
3w 1 7

Let us rewrite the equations of the given lines as follows:
—(x-1) y-2 z-3

3 20 2
and

x-1 y-1 —(z-6)
3 1 7

That is we have,

x-1 y-2 z-3

-3 2\ 2

and

x-1 y-1 z-6
3w 1 -7

The lines are perpendicular so angle between them is 90°
So, cos6=0

Here (al,b1,c1)=(-3,21,2) and (a2,b2,c2)=(37\,1,-7)
For perpendicular lines

a;a, +b;by, +c4c, =0

=-9\A+21-14=0

=-7L-14=0

=-7A=14

14

7

=>A=-2

= A



19.

\dy .
(1+x )dX+y—tan X
d tan~! .
dy ., ¥ - an Zx_(l)
dx 1+x* 1+x
Given equation is linear with

1
de -1
So, [F=¢ 1+x° —gtn "X

Solution of (i)

-1 -1 -1
yetan X _ Ietan X (tan ZX]dX ..... (ii)
1+x

For RHS,lettan 'x=t =
1+x

By substituting in equation(ii)
-1
ye™ 7 et tdt

-1
= y.e x :[tet —et]+C

-1 -1
—ye" x=efn ¥ (tan_1 X— 1) +C

I
—y=tan 'x—1+Ce ™" x



20. Q—X+cosec(zj =0_(i)y=0 whenx=1
X

dx x

LetX=t:y=xt
X

4y 4ty
dx dx

By substituting j—y in equation(i)
X

<5
Xx—+t |-t+cosect=0
dx

dt
= X— =—cosect

dx
dt + d—X=0
cosect ~ X
:>—Cost+logX:C:>—cos(Xj+logX:C
X

using y =0when x=1
-1+0=C=C=-1

So the solution is: cos(zj =logx +1
X



21.

a b C
A=la-b b-c c-a
b+c c+a a+b

Applying C; -C; +C, +C5

a+b+c b C
A=|0 b-c c-a
2(a+b+c) c+a a+b
1b C

A=(a+b+c)|0 b—c c-a
2 c+a a+b
R; —R; — 2R,
1b C
A=(a+b+c)0 b-c c-a

0 c+a—-2b a+b-2c

Expanding along C;, we have,

A=(a+b+c)((b-c) (a+b-2c¢)-(c-a)(c+a-2b))
:>A:(a+b+c)((ba+b2—2bc—ca—cb+2c2—(c2+ac—2bc—ac—a2+2ab))
:>A=(a+b+c)(a2+b2+c2—ca—bc—ab)
:>A:(a+b+c)(az+b2+c2—ab—bc—ac)

—A=a’+b%+c? —3abc=R.HS.

22. p = probability of success=%, q = probability of failure=g

Third six comes at the 6th throw so the remaining two sixes can appear in any of the
previous 5 throws.
Probability of obtaining 2 sixes in 5 throws

6th throw definitely gives six with probability :%

Required Probability
125 x10x 1

T 216x36 6
625

" 23328




SECTION -C

23. Let E1 be the event of the first group winning and Ez be the event of the second group
winning and S be the event of introducing a new product.
P(E;)=0.6 P(E;)=0.4
P(S|E;)=0.7
P(S|E;)=0.3
Probability of a new product being introduced by the second group will be,
P(E; |S)
P(E,).P(S|E;)
P(E;).P(S|E;{)+P(E;).P(S|E;)
B 0.4x0.3
0.4x0.3+0.7x0.6
0.12

T 0124042

122
P(E,|S)=""==
(E218)=27=75

P(E; [S)=




24. 2x-3y+5z=11

3x+2y -4z=-5
Xx+y-2z=-3
System of equations can be written as AX = B
2-3 5
Where,A=|3 2 -4
1 1-2
X 11
X=|y B=|-5
Z -3
2-3 5
A=3 2 -4
11 -2

|A|=2(—4+4)+3(-6+4)+5(3-2)
|A|=—6+5=-1%0

~. A1 exists and system of equations has a unique solution

_ 1 .
A= m(ad]A)

0 -1 2

Il
| |
- N
(62N}
| |
N
—_
wW w

X=A"B=|-2 9 -23|-5
-1 5 —-13|| -3
-5+6
X=|-22-45+69 |=
-11-25+39
Sox=1,y=2,z=3

w N



25.

COSX
e

COsX —COSX

T
Letl= |
oe " +e

Using [ £(x) = [ f(a —x)dx
0 0

P ecos(n—x)
I= (J; ecos(n—x) n e—cos(n—x) dx
- T @~ COSX | 4COSX

- (J; eCOSX +e COSX

T

1=ljdx=1[n—o]=E

20 2 2

n

2
[= j(210gsinx—log sin2x)dx

0

T

2 in?
I ;(logém_xdx}

0 2sinx.cosx

r

2 tanx
I=lo ( j.dx_(i)

0

a a
Using property [f(x)dx = [f(a —x)dx
0 0

We get,

g tan(g—xj
[=[log| ——= |.dx

0 2

OR



Additing (i) &(ii)

2
2= j[log(tanxJHog(COtXﬂdx
0 2 2

T

=2]= Elogﬁta;x}(coztxﬂdx




26. The point of intersection of the
Parabolas y% = 4x and x% = 4y are (0, 0) and (4, 4)

Y s
A x — 4‘}h
R y'=4x
Q4.4

W

Yr‘

Now, the area of the region OAQBO bounded by curves y? = 4x and x2 = 4y,
4

3 12 3 3 3

o ()
Again, the area of the region OPQAO bounded by the curves x2 =4y, x =0, x =4 and the

X-axis,

4.2 34

X X 64) 16 .
|—dx=|—| =| — |=—sq units
0 4 12 0 12 3

Similarly, the area of the region OBQRO bounded by the curve y? = 4x, the y-axis,y =0
andy =4

4 2 2 i3
I(Z\/_'XZJAX: x*_x =¥—E:Esq units

12
0

From (i), (ii), and (iii) it is concluded that the area of the region OAQBO = area of
the region OPQAO = area of the region OBQRO, i.e., area bounded by parabolas
y? = 4x and x? = 4y divides the area of the square into three equal parts.

4
4,2 3
jy—dy:{y—} :Esq units (iii)
0 4 3



27. Let the equation of the plane be,
A(x—%1)+B(y—y1)+C(z-2)=0
Plane passes through the point (-1, 3, 2)
SLAX+1)+B(y—3)+C(z-2)=0_(i)
Now applying the condition of perpendicularity to the plane (i) with planes
X+ 2y+3z=>5and 3x + 3y + z= 0, we have
A+2B+3C=0
3A+3B+C=0
Solving we get
A+2B+3C=0
9A+9B+3C=0
By cross multiplication, we have,
A 3 B B C
2x3-9x3 9x3-1x3 1x9-2x9
A B C

= = =

6-27 27-3 9-18
A _B_C

-21 24 -9
_A_B_C

7 -8 3
= A=7\B=-81;C=3A
By substituting A and C in equation (i), we get,
Substituting the values of A, B and C in equation (i), we have,
7AMx+1)-8A(y—-3)+3Mz—-2)=0
=7x+7-8y+24+32-6=0
=7x-8y+3z+25=0




28. The given sphere is of radius R. Let h be the height and r be the radius of the cylinder
inscribed in the sphere.
Volume of cylinder

V=nR%h (1)
In right angled triangle AOBA

Putting the value of R2 in equation (1), we get

2
V= 7{[‘2 —h—J.h
4

I
V—n(r h 2 ] -(3)
dv_ [, 3h°
E—ﬂ:[l’ —4 J (4)

. ., dV
For stationary pomt,a =0



.. Volume is maximum at h = T;
Maximum volume is
2,20 1 8
V3 4 33
o 220
3 33
6r° - 2r3j

33

4111'3 )
= Cu. unit

3\3




OR

Let /, b, and h denote the length breadth and depth of the open rectangular tank.
Given h =2m

V=8m?

ie2(b=8

:>L’b=40rb:é

Surface area, S, of the open rectangular tank of depth 'h' = (b + 2 ({ +b) xh

In this problem, b=%,ﬁb =4 metre,h =2 metre
4
.'.S=4+2(€+Z)x2

:>S=4+4(£+%)

For maxima or minima, differentiating with respect to ¢/ we get,

@:4 1_1
d( ?

¢ = 2m for minimum or maximum

Now,d—ZS = 48 >0 forall ¢
a3
So / =2m is a point of minima and minimum surface area is
S=(b+2(/+b)xh
=4+2x8=4+16 =20 square metres
Base Area = 4 square metres; Lateral surface area = 16 square metres
cost=4x70+16x45

=280+720=Rs. 1000



29. Let x be the number of units of food F1 and y be the number of units of food F».
LPP is,
Minimize Z = 4x + 6y such that,
3x+6y>80
4x+3y 2100
x,y=>0

Representing the LPP graphically

100/3 4
¥
4043
(24, 4/3)
Fee+Fy=R0
dy43y = %
75 8073 x
Corner points are O,@ 24,i , @,0
3 3013
Point Cost=4x+6y
o,@] 450+6x 20 _01200=200
3 3
24ﬁ) 4><24+6><§:96+8:104
3
80 o) | 4x8%6x0=32%, 0-106.67
3 3 3

4
From the table it is clear that, minimum cost is 104 and occurs at the point(24,§J .
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