MSB Board
Class XII Mathematics & Statistics
Board Paper - 2015 Solution

SECTION -1
(A)
i ()
Given that
2 00
A=|0 2 0
0 0 2
We can write
1 00
A=2|0 1 O
0 0 1
Here 2 is the scalar multiple.
1 00
Therefore, A=2xI, whereI=|0 1 0
0 0 1
10 0]°
Thus, A°={2x|0 1 0
0 0 1
10 0
=2°%/0 1 0
0 0 1
1 00
=2°%I°, wherel=|0 1 0
0 01

=2°x1, since I°=I
=2°x2XI
= 2°xA [+ A=2I]
=32A



ii. (c)

_ 1 1
The principal solution of cos™* (_Ej = An angle in [0,7] whose cosine is —=.

-1 1 27
= Cos - |=—
2 3

iii. (a
((Io)nsider the general equation in second degree,
a'x“+ 2h'xy + b'y2+ 2g'x+ 2f'y+c'=0
The above equation will represent a pair of straight lines if,
a'f?+b'g? +c'h? = 2fg'h' +a'b'c'...(1)
Here, the given equation is, hxy + gx +fy + c=0
Thus, comparing the coefficients, we have,
h f

a'=0,b'=0,c'=0,h'=—,g'=g,F=—,c =c
2 2 2

Substituting the above values in the condition (1),
we have,

(o)@2+(o)(%j2 +C(gj2 =2x DXl 1 (0)(0)x(0)

2
= C(Ej =2><£><§><E

2 2 2 2
2
_, b _fgh
4 4
:>ch2=fgh
= ch=fg [~ h#0]

(B)

i. The given statement- ‘If two triangles are congruent, then their areas are equal.’
Converse of the above statement:
If the areas of the two triangles are equal, then the triangles are congruent.
Contrapositive of the given statement:
If the two triangles are not congruent, then their areas are not equal.

ii. Consider the given equation of the straight lines
X2 +kxy — 3y2 =0
o —2H
Sum of the slopes is given by the formula=T

Comparing the given equation with the



1ii.

standard equation,

Ax® + 2Hxy + By2 =0, we have,

H=E,A=1, B=-3
2

Thus, sum of the slopes= 3 -

1
-3
Also given that, sum of the slopes is twice their product.

3 -3

=k=-2

Product of the slopes=% =

Given planes are:
ro(2i+j-k)=3and r-(i+2j+k)=1
The angle between two planes with direction ratios,
(a;,by,cq) and (ay,by,cy) is
a;a, +b;b, +c4c,
\/alz + b12 + C12 \/az2 + b22 + cz2

2X1+1x2-1x1

cos@=

= cosf=
\/22 +1% +(=1)* V12 + 2% +12
= cosﬁ-i
Je6
= cosé?=E
6
= cos6’=l
2

T
=cosf= cosg

:>0:£
3



iv. Given equations of the line are:
3x—1=6y+2=1-z

Rewriting the above equation, we have,

3(x—%j =6(y +%j:—(z—1)
(=5) 5] e

= (1
S T O
3 6
Now consider the general equation of the line:

Xx—a_y-b z-c

(2
V4 m n (2)
where, |,m and are the direction ratios of the line

and the point (a,b,c) lies on the line.

Compare the equation (1), with the general equation (2),

we have, /=1, m=l and n=-1.
3 6
Also, azl,b=—1 and c=1
3 3

This shows that the given line passes through (%, —%,1]

Therefore, the given line passes through the point having
position vector 5=%{ —%}HA( and is parallel to the

vector b = l; + l} —k
3 6

So its vector equation is

r= 21 -k e S 1) -k
3 3 3 6



v. Giventhata =1 +2}, b=-2i +}, c=4i+ 3}
We need to find x and y such that c=xa+ yB
Substituting the values of a, b and ¢, in c=xa+ yB, we have,
4 + 3} = X(; +2}) + y(—ZE +])
—4i+3j= (X—Zy){ + (2x +y)]

Comparing the coefficients of i and 3 on both the sides, we have,

x—2y=4

and

2x+y=3

Solving the above simultaneous equations, we have,

x=2andy=-1

2. (A)
i. GiventhatAB,CandDare (1,1,1), (2,1,3), (3,2,2) and (3, 3,4)
respectively.
We need to find the volume of the parallelopiped with
AB, AC and AD as the concurrent edges.

The volume of the parallelopiped whose
coterminus edges are z;, b and c is [5 b E] :z;-(BXE)
Given that A,B,Cand Dare (1,1,1), (2,1,3), (3,2,2) and (3,3, 4)
AB=(2-1)i+(1-1)j+(3-1)k
=i+2k
AC=(3-1)i+(2-1)j+(2-1)k
:21+]+E
AD=(3-1)i+(3-1)j+(4-1)k
=2i+2j+3k
1
& b ¢]-p
2

=1(3-2)-0+2(4-2)
=1+4

=5 cubic units

N kR O

2
1
3



ii. Consider the statement pattern:~(~pa~q)vq

Thus the truth table of the given logical statement: ~(~pa~q)vq

P 9 ~p ~q ~pA~q ~(~pr~q) ~(~pr~q)vg
T T F F F T T
T F F T F T T
FT T F F T T
FF T T T F F

iii. Given that C(E) divides the segment joining the points A(z;) and B(B) internally
in theratiom: n

-~ mb+na
We need to prove that c=

m-+n
Consider the following figure.

— nxlength(AC)=mxlength(BC)
— nAC=mCB

. n(0C—0A)<m(0B-0¢)

. n(é-a)=m(B-¢)

= nc—na=mb—mc

= nc+mc=mb + na

= (n+m)c=mb + na

= c=
m+n

Hence proved.



(B)
i. Given direction ratios are:
-2,1,-1and -3,-4,1
Let a, b and c be the direction ratios of the line perpendicular to the given lines.

Thus, we have,

—2a+b-c=0
—3a —4b+c=0
Cross multiplying, we get,
a B b B C
Ix1—(—4)x(-1)  (=3)x(-1)—(-2)xI (=2)x(-4)—(-3)x1
a b C
- = =
1-4 3+2 8+3
a b c
—
-3 5 11

Let us find vaZ +b? +c? :

Va® +b? +c? :\/(—3)2 +5% +117
=9+25+121=+/155
Thus, the direction ratios of the required line are, —3,5,11
- 5 11
V155 4155 '\/155

The direction cosines are:

ii. Given that az,bz,c2 are in arithmetic progression.
We need to prove that cotA, cotB and cotC are in

arithmetic progression.
zjlz,bz,c2 are in A.P.
— —2a° ,—2b2 ,—2c2 are in A.P.
= (a2 +b? +c2)—2a2,(a2 +b? +c2)—2b2,(a2 +b? +c2)—2c2 are in A.P.
= (b2 +c? —az),(c2+a2 —bz),(a2 +b? —cz) are in A.P.

(b2 +c? —az) (c2+a2 —b2) (a2 +b? —cz)

2abc ’ 2abc ' 2abc
1 (b2 +c? —az) 1 (c2+a2 —bz) 1 (az +b? —cz)

are in A.P.

—— , , are in A.P.
a 2bc b 2ac c 2ab
b% +c% —a® c?+a? —b? aZ+b*-c?
:>1( ),1( ),1( are in A.P.
a 2bc b 2ac c 2ab



= 1cosA,lcosB,lcosC are in A.P.
a b C

= Ecos A,Ecos B,EcosC are in A.P.
a b C

cosA cosB cosC are in AP,

sinA "sinB sinC
= cot A,cotB,cotC are in A.P.

iii. Given that the sum of three numbers, x, y and z is 6.
From the given statement, we have,

3(x+z)-y=10

5(x+y)—4z=3

Thus, the system of equations are:

X+y+72=6

3x—-y+3z=10

5x+5y —4z=3

Let us write the above equations in the matrix form as:
1 1 1]x]| [6]
3 -1 3 |y|=|10
5 5 4|z 3

= AX=B
1 1 1] [x 6 |
where, A=|3 -1 3 |, X=|y|andB=|10
5 5 -4 vA 3 |
1 1 1
We know that A exists onlyif |3 -1 3|#0
5 5 -4
1 1 1

3 -1 3|=1(4-15)-1(-12-15)+1(15+5)=0
5 5 —4
Thus, A lexists
We know that AA™ =1
1 1 1 1 0
Thus, |3 -1 3 |A'=|0 1
5 5 -4 0 0

= o O



Applying R, =R, —3R;, we have

1 1 1 (1 0 0]
0 4 0|A'={-3 1 0
5 5 —4] |0 0 1]
Applying R; = R; —5R;, we have
1 1 1] (1 0 O]
0 4 0|A1={-3 1 0
0 0 -9 -5 0 1]
. R;
Applying R; — -’ we have
1 1 1 1 0 0
0 -4 0/A'=-3 1 0
0 0 1 -5 0 -1
L9 ]

Applying R, — R—i, we have

11 1
0 1 0(A 1=
00 1

ApplyingR; =R

1
0
0

0
1
0

1
0|A L=
1

Applying R; = R; —R3, we have

1
0
0

0
1
0

0
0|A L=
1

1 0 0
3 1
4 4

> o 1
9 9

1 —R,, we have

i1

4 4

31

4 4

5 4 L

9 9 |
-11 1 1]
36 4 9
3 -1,
4 4

5 4 2t
9




-1 1
10 0 36 4 9
01 0lat=| 3 L o
00 1 ¢4
5, 1
_9 -
AX=B
— A 1AX=A"1B
—IX=A"!B
—X=A"1B
11
36 4 9 |rg
x| 3 L o0
4 4 5
5 5, 1
L 9 ]
X 1
=y |5| 2
VA 3

Thus, the numbers are 1, 2 and 3.

3. (A)
i. Case(1)

Let m; and m, are the slopes of the lines representedby
the equation ax® + 2hxy + by2 =0,

thenm; +m, = —Z—bh and mym, =2

.~ If @ is the acute angle between the lines,

m, —m
then tanf=|—1—2

1+mym,

Now, (my —m, )2 =(my +m, )2 —4mym,

2]

4(h* —ab

(ml_m2)2= ( bz )

|m |_ 2 hz—ab
1 21— b




Similarly 1+mym, = 14294 b

b b
Substituting in tané = My , we get
1+mym,
2Vh* —ab
_ b
tan@ = >
b
tan@ = 2Vh" —ab ,ifa+b#0.
a+b
Case (2)

If one of the lines is parallel to the y-axis then one of the slopes m;,m, does not exist.

As the line passes through the origin so one line parallel is the y-axis, it's equation is
x=0and b=0.

The other line is ax + 2hy =0, whose slope tan = —%.

i ¥

One line

Another line

- A

]

.. The acute angle 8 between the pair of lines is %— B.

~.tanf= tan(z—ﬁj‘ = |cot ,B| = ‘Z—h‘
2 a
24h —ab
Putbh=0in tand=———|, we get tanf =|—
a+b a
[12
Hence tan@ = M is valid in both the cases.



x-1 y+1 z-1
3

So for any point on this line has co-ordinates

in the form (2u+1, 3u—1,4u+1).

x-3 y-k z

ii. Let

=u, where u is any constant.

1 2 1
So for any point on this line has co-ordinates

in the form (v+3, 2v+k,v).

Point of intersection of these two lines will have
co-ordinates of the form

(2u+1, 3u—1,4u+1)and(v+3, 2v+k,v).

Equating the x, y and z co-ordinates for both the forms

we get three equations

2u+1=v+3

= 2U—V =2 (D)
3u—-1=2v+k
3u-2v=k+1.....(2)
du+1l=v
4u—v=—lureen. (3)

Subtracting equation (1)from equation(3) we get,
2u=-3
3

u=——
2

Substitute value of u in equation (1) we get,

2(—§j —-v=2

2

v=-5

Substitute value of uand v in equation (2) we get,
3(%) _2(-5)=k+1

k=2
2

The value of k is g



iii. Letp: the switch S; is closed.
g: the switch S; is closed.
r: the switch Sz is closed.

g

1

e

2

e

2 2

T,

1

(B)
i. cosx—sinx=1
Taking square on both the sides we get,
(cosx—sinx)2 =(1)2
+.cos’ x+sin® x—2sinxcosx =1
s 1-2sinxcosx=1
»s.2sinxcosx =0
=sin2x=0
=2x=nr+(-1)"a
But here =0

=2X=nx

nrw
=>X=—
2

o nx
The general solution is x =7.

ii. The equation of the planes parallel to the planex -2y +2z-4=0
are of the formx—-2y+2z+k=0.
The distance of a plane ax + by +cz + A from a

point (xq,y;,2;)is given by

d:|ax1 +by, +cz; +/1|
‘ \/a2+b2+c2 ‘

[tis given the plane x -2y +2z+k =0 is at an unit

distance from the point (1, 2, 3).



iii.

e 1—2(2)+2(3)+k‘
Ji2 (27 + (2|
a1=[kt3
3
~|k+3/=]3
s k=0ork=-6

The equation of the planes parallel to the plane x -2y +2z—-4=0
areofx—2y+2z=0andx—-2y+2z=6

Let x and y be two different types of food.
Thus, our objective function is minimise the cost

Z = 6x + 10y, subject to the constraints,
6x + 8y =48
7x+ 12y > 64

Plotting the above lines in a graph, we have,

Tx+12y=64

Thus, the region above ABC is unbounded.
Let us check the value of the function at the corner points A, B and C




Corner point Value of Z = 6x + 10y
(0,6) Z=0+10 x6=60
(4,3) Z=6x4+10 x3=54

(6—74,0j =6 x%+10 x 0=54.85

Minimum of the function is at (4, 3)

Minimum cost of the optimum diet is Rs. 54

SECTION - 11
(A)
i. (a)
X=x -2 -1 0 1 2
P(X) 0.1 0.1 0.2 0.2 0.3

E(X)=> xP(x;)
=(—-2)x0.14+(-1)x0.1+0x0.2+1x0.24+2x0.343x0.1
=—-02-01+0+4+0.240.640.3

=0.8

ii. (c)




iii. (a)

d C ..
d—z——x—z ........ (ii)
-]
dx x*
_ d_y]z [
dx x*
2
Y A
dx
4 dy z C .
=X .|—| =y—— [From(i)]
dx X
=x* d_y 2 :y-l—x—y
dx d
2
= x*. d_y —xd—y:y
dx dx
(B)

Ji—x®sin"'x+1
J1—x2

sin”? X+

dx

Je
. 1
=Je —

We know thatfex[f(x)—l—f’(x)]dx:ex.f(x)—i—c

dx

1

=e".sin " x+C

il y:\/sinx—l—\/sinx—l—\/sinx—l— ........ 00
Let y =4/sinx+y

y? =sinx + y[Squaring both sides]
Differentiating w.r.t.x,

dy dy
— —cosx+—=
dx dx
d_y_ COSX

dx 2y-—1

= 2y.




iil.

iv.

2
et
0 1+ cosx

Solving the integral without limits,

e
1+ cosx

2
= tan§+C
2

Substituting the limits, we get

0

X2
=|tan—
0
—|tanZ —tan0
4
=1
y = eax
y=e™....(1I)
= logy = ax.......(ii)
dy _ ae™
dx
dy
=——=a
dx Y
dy : . :
= Xx—— = axy[Mulitplying both sides by x]
X
dy ..
=X ylogy[From(ii)]

X



v. Let X be the radom variable.
let 'p' be the success and 'q' be the failure
1 1

P=2973%

P(Coin shows 3 heads)
=P(X=3)="C;p'q’

ity

a1
32
5
16

(A)

i. fsec3x.dx

:fsecx.sec2 x.dx

= f\/l + tan® x.sec? x.dx

Let tan x=z

sec’xdx = dz

:fxll—l—zz.dz
_Z 142 —|—110g
2 2

— ta;x\,l +tan’x +%log

_ tanx.secx
2

z++1+2%|+C

tanx—i—\/l—l—tanzx

+%log|tanx + secx| +C

2
i. y= (tan_1 X)
Differentiating w.r.t. x, we get
dy 2tan ' x
dx (1+x%)

:>(1+X2)d—y: 2tan 'x
dx

dy 2
= 2
dx (1+4x%)

dZ
;»(1+x2)d—;2'+

:>(1+X) dy +2x(1+x)

+C



2
(1+X) +2(1+x) 2=0

iii. f(x)= tan[%—i—x] X,forx#O

=k Jforx=0

The function would be continous if lin% f(x)=f(0)
lin(l) f(x)=f(0)

1

X:k

x—0

) T
= lim tan[z +X

1
X

. |1+tanx
= lim|l——
x—0|1—tanx

=k

1

S lim|1 4 2EE0X gy

x—0 1—tanx

1
X

1+tanx—1+tanx

= lim|1+ =k

x—0 1—tanx

1

. 2tanx
=lim|ll4+ — ¥ k

x—0 1—tanx

1 « 2tanx

. 2tanx | 2tanx X(lftanx)
=lim{1+—|1 anx =

x—0 1—tanx

lim 2tanx 1
N exaox(lftanx) Kk { lim[l + X]; — ej»

x—0

. |tanx
clim

x—0

=€

. tanx . 1
2lim xlim
x20 x  x0(1-tanx) __ k .

g

X

2XIX———
e 0=k

s k=e?



(B)

4
y=X——
X
Differentiating w.r.t. x,
dy 4
= —=1+—
dx x?
= dy =1+ iz =m
dXlix, y,) Xq

Slope of the tangent,m=1 —|—i2
Xy

Also Slope of the liney =2x,m, =2
m is parallel to m,
142 =2

X1

4

X1

= Xl2 =4
..X; =2,X, =—2[Two points of point of contact of tangent]
Co—ordinates of the point of contact are (2,4) and (-2,-4).

i, Letl:f x2 —a?.dx

:>I:f\/X2—az.1.dx
:>I:\/x2—azfdx—fldix(\/xz—az)fdx

dx

:>I:X\/X2—a2—f 2—Xx dx
2Ux% —a?
2
:>I:X\/X2—a2—fx—.dx
x? —a?

2 .2, .2

iI:X\/XZ—aZ—fu. X
2 .2

Sl=xUxt_a? - [ 2
Xvx f /Xz_az

= [=xVx? —a? —f\/xz—az.dx—i—a

dx+a

zf dx
Vx% —a’
zf dx



dx
=l=xVx’—a’ —I+a’ [ ——
f /Xz_az

= 2l=xvx’ —a’ +a’log|x +Vx* —a’|+C'
[2 2 2 '
L |+
2 2 2
[2 2 2
.-.I:u_i_a_]ogxﬁ- XZ—EI2 +C
2 2
i, LetI= f XX gy
1+sinx
:f(w—x).sm(ﬂ—x)dx .‘.ff(x)dxsz(a—x)dx
1+ sin(w—x)
0 0 0
:f(ﬂ—x).smxdx
1-+sinx
0
:f ’lTSlr.lX d _f x51r.1x dx
. 1+sinx 5 1+sinx
:f ’T(SIIIIX dx— 1
1+sinx
0
—f Tsinx dx— 1
1+sinx

P T(Sil’lX(l—Sil’lX)
:>21:f - 5 dx
(14 sinx)(1—sinx)

. ZI:fwsinx(l—sinx) dx

0 (1 — sin® X)

X

fsmx(l—smx)d
T ) cos’x

M
sinx —sin®x
— —dx

T 0 COS X

S . T2

™ 0cosx 0COSX




0

21 K
:>—:fsecx.tanx.dx— tan® xdx

T
0 0

iy

21 ™
:>¥:[secx]o —{(seczx—l)dx

0

:>§:[secw—sec0]—fsec2 x.dx—l—fldx
0

T
0

N [—1—1]—[tanx]; +[x];

T
:>§:[—1—1]—[tanfn—tan0]+[w]
T
21
—=-2-10
=2 2 fo]+[x
.I_<’T(—2>’T(
=
6. (A)
i. f(x)=-—2sinx, for —ngg—g

=asinx+b, for—3<x<E
2 2

T
= COSX, forggxgﬂ

. _ -
f(x) is continous for x = -3

RHL,
= lim asinx+b
=asin ——]-l—b
=—a-+b
fl—I|=—2sin|-=
2 2
s.—a+b=2...(1) |'. f(x) is continous forx=—g

. . T
f(x) is continous for x = )



il.

iii.

LHL,

=limasinx+b
=asin 3] +b
2
=a+b
f| = |=cos| = |=0
2 2
a+b=0......(ii)
Solving (i) and (ii),
a=-—landb=1
3.3
=y’ |
log,, 0 +y3 =2
3 —y?
=>|=5—=|= 10*[Removing logarithm from both sides]
X' +y
3.3
=| 52> |=100
x’+y

= x> -y’ =100x> + 100y
= —101y® =99x°

Differentiating w.r.t. x on both sides

:>—101><3y2.d—y:99><3x2
dx

Cdy 99’
Cldx 101y*

SHGN

The probability distribution table of the function is

P(x)=

Xi 1 2 3 4
P(X) 1280 1600 2000 625
6561 6561 x 2 6561x3 6561
(X)X 1280 3200 6000 10000
6561 6561 6561 6561




E(X) =x; xP(x;)+x, XP(x,)+ x5 xP(x5) +x, xP(x,) + x5 X P(x5)
4 5 (4Y 4 (57 (4) 4 (57 (4) 4 (5)" (4
=0Xo00+1Xx—X—X|—| +2Xx—X%|—| X|—=| +3Xx—X|—| X|—| +4x—X%X|=| X|—
1 9 (9 2 (9 9 3 19 9 4 19 9
1280 1600 2000 2500
=0+ +
6561 6561 6561 6561
7380

=——=1.12
6561

Var(x)=3_P(X, )X~ [E(X)|
1280 _ 3200 . 6000 , 10000
=y Ty -
6561 6561 6561 6561
20480
6561
—312-1.12

=2

1.12

—1.12

(B)
i f(x)=2x>—21x*+36x—20
f'(x)=6x* —42x+36
For finding critical points, we take f'(x)=0
5.6X5 —42x+36=0
=x*—7x+6=0
=(x—-6)(x—1)=0
For finding the maxima and minima, find f''(x)
f'(x)=12x—42
For x =6,
f"(6)=30>0
Minima
For x=1,
f"(x)=—-30<0
Maxima
Maximum values of f(x) forx =1

f(1)=-3

Minimum values of f(x) for x =6,

f(6)=-—128

.".the maximum values of the function is -3 and the minimum value of the function is -128.



ii. (x*+y?).dx=2xy.dy..(i)
The equation is a homogeneous equation
Let y =vx,
Differentiating w.r.t. x, we get,
dy dv

_:V+X_
dx dx

2 2
SO BV promiy)
dx 2xy

dv (x> +v*x*)

=V+Xx—
dx 2X.VX
2
:>V_|_Xd_V:M
dx 2V
2
v A+v) o
dx 2v
dv  1+v%—2v?
= X—=
dx 2V
dv 1-—v?
= X—=
dx 2V
ZVZ.dV:ldx
—V X

jflivvz .dV:fi.dx

—2v
:—fl_vz.dv—logx

= —log‘l—vz‘ =logx+logC

= logx— log‘l —v? ‘ =log(C)

X
= >=C
1-v
X
= =C
2
A
2
X
3
= =C,where C is a constant.
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c.d.f. of the continous random variable is given by

X 2
F(x) = f y?dx
-1

-1
=—(X3+1) x€eR
o
Consider P(X <1)=F(1)= L;rl) :%

P(X <—2)=0
P(X > 0)=1—P(X<0)
—1-F(0)
:1_[94_1]
99
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P(1< X <2)=F(2)—F(1)
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