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Set |
Section A (Question numbers 1 to 10 carry 1 mark each)
Question: 1

Write the principal value of tan™ (\/5) —cot™ (—\/5)

Answer:

Let x = tan-1 (\/5)
tanx = (\/5)

tan x = tan I
3

T
X=—
3

let y=cot'1(-\/§)

cot y:cot%

cot y=cot(1‘r-gj
5

cot y=cotFTr

_bm

Question: 2

Write the value of tan™ [ZS,in(Zcos1 73]1

Answer:

=tan™| 2sin| 2cos™ ;ﬂ
=tan™| 2sin

(
{
=tan” 23in{
{

=tan™| 2sin
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Question: 3
0o 1 -2

For what value of x, is the matrix A=, | -1 0 3 |a skew symmetric matrix?
x -3 0

Answer:

We know that,

X = aszq

Given matrix is skew symmetric.
Thus, aij = -aji

.o X=3azr—Aags

-(-2)

2

X
X
Question: 4

If matrix A = { 11 _11} and A2 = kA , then write the value of k.

Answer:

1 1
A=A=

101
A2=1 A1 -1

11)-1 1
AZ= 2 -2

2 2

A2 o 2{1 -1}
11

AZ=2A

Also,

A% = kA

Thus,

k=2

Question: 5

Write the differential equation representing the family of curves y = mx, where m is an arbitrary
constant.

Answer:

We have,

y = mx

on differentiation
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——=m
dx
m=Y
X
The differential equation representing the family of curves y = mx; is
xdy — ydx = 0.
Question: 6
2 -3 5
If A ij is the cofactor of the element ij a of the determinant, 6 0 4 |then write the value of
1 65 -7
asp.Asz.
Answer:
2 3 5
Let A=6 0 4
1 5 -7
2 5
A, = =-8 (8-30F22
32 6 4 ( \7:
dzp = 5

Thus, a32.A32 =22x5=110

Question: 7

P and Q are two points with position vectors 3a-2banda+ b respectively. Write the position
vector of a point R which divides the line segment PQ in the ratio 2:1 externally.

Answer:

Position vector of point R 3a-2banda+b
2(5+6)-1(£-%)

- 2-1

=2a+2b-3a+2b

=a+4b

Question: 8

Find ‘;(" if for a unit vector 5(;—5).(;+5):15
Answer:
(%-é).(§<+é):15

2

—

X

—

a

2
-15

-2 N
‘x‘ = 15+‘a

T ()

=4

‘ 2

x
X
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Question: 9
Find the length of the perpendicular drawn from the origin to the plane 2x-3y + 6z + 21 =0.

Answer:
2 03 (0)6 (0)+21‘

J22+ (35 +62 |

Length of perpendicular =

Question: 10

The money to be spent for the welfare of the employees of a firm is proportional to the rate of
change of its total revenue (marginal revenue). If the total revenue (in rupees) received from the
sale of x units of a product is given by R(x) = 3x2 + 36x + 5, find the marginal revenue, when x =
5, and write which value does the question indicate.

Answer:
Total revenue, R(x) = 3x2 + 36x + 5

Marginal revenue, dl'\;i(x)z 6x + 36
X

At x =5,
dR_X)_ gy + 36 = 66
dx

Thus, marginal revenue = 66
Section B (Question numbers 11 to 22 carry 4 marks each)

Question: 11

Consider f : R, — [4, o) given by f(x) = x*+4. Show that f is invertible with the inverse f-1 of f
given by f'(y)=,/y —4 , where R+ is the set of all non-negative real numbers.

Answer:

f(x)=x* + 4

Let f(xq) = f(x2)

X2 +4=x,2+4

X9 = X2

thus, f(x) is one-one since, x2 + 4 is a real number. Thus, for every y in the co-domain, f, there
exist a number x in R+ R, — [4, « ) such that
fix)=y=x2+4

Thus, we can say that f(x) is onto.

Now, f(x) is one-one and onto. Hence, f(x) is invertible.
Letf(x)=y=x"+4

x=f(y)

1y ryy-4
Question: 12

4-7
3

Show that tan 1sin—1§ =
2 4

Answer:
LHS

WBCHSE Mathematics (2016) \Y



Let tan 1sin‘1§ =X
2 4
1sin'1 3. 2tan™x
2 4
sin™ 3. 2tan”'x
4

sin'( 2x j= 2tan'x
1+ x2

We know that,
1 2X :3

8x =3 + 3x2
3x2-8x+3=0

. _82/64-36
6
447
X_

3
4-47

3
Thus, LHS = RHS

X= = RHS

(OR)
Solve the following equation:

cos(tan’1 x):sin(cot1 Ej
4
Answer:
cos (tan'1x)=sin [cot'1 3)
4
cos (tan'1x)=sin [tan'1 3]
4

cos tan'11 = cos| -tan’1i
X 2 3

On comparing
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Question: 13

Using properties of determinants prove the following:

X X+y X+2y
X+2y X x+y [=9y? (x+y!
xX+y x+2y X

Answer:
X X+y X+2y
LHS ==|x+2y X X+y
X+y x+2y X
Ri >R +R;+R3
3x+3y 3x+3y 3x+3y

=|x+2y X X+y
X+y x+2y X
Taking common from R4
1 1 1

= 3x+3y)x+2y X Xty
Xx+y x+2y X

Rg —> Rg - R1
R3 d R3 - R1
1 0 O
3 (x+y}x+2y -2y -y
X+ty 'y -y
Taking common from C, and C;
1 0 O
=-3y? (x+y)x+2y -2y 1
X+y 'y -y
=-3y?(x+y[1-(-2-1)]
=9y*(x+y)
= RHS
Question: 14

2

If y*= &', prove that dy _(1+logy)”
dx logy

Answer:
yx - ey-x
Taking log both sides
x logy = y-x
y=xlogy+X.....oooiiiiininnnnn. equation (1)
On differentiation

dy __ dy
—==x.—=+logy +1
dx dx %

dy _x dy+
—=—.—+logy +1
dx y dx &
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(1-dey=1+logy
y ) dx

(y-xjdy =1+logy
y Jdx
dy _y (1+logy)

dx y - X

Put value of y from equation 1
dy _ (xlogy +x) (1+logy )

dx xlogy + X - X

dy _ (xlogy +1) (1+logy)
dx xlogy

dy _ (1+logy§

dx logy

Question: 15

Differentiate the following with respect to x:
4 2x+1.3x
y=sin"| ———
1+(36)

Answer:

X+1 X
Let y =sin™ 2w 3
1+ (36 %

g 2X+1.3X
=sin | —
1+ 4x9)

=sin™ 26 sin'1[ 2x j=2tan'1x
1+ { 6§ 1+x?

=2tan”' (6x)

Now,

y = 2tan™(6x)

On differentiation

dy 2 X
—=————x| (6" ) log6
dx 1+ (6* § [( ) g]
dy_ (6" ) log6
dx 1+ (36}
dy_ 72X+1'3X log6
dx (1+ (36}
Question: 16
N1+kx —+/1-kx .
— —if—1<x <0
Find the value of k, for which f(x)= 5 X is continuous at x = 0.
x+1 if0 < x <1
x—1
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Answer:
V1+kx -+/1-kx it

f(x X
a4 2x +1
x-1"
If f(x) is continuous then,

im 2x+1_ lim 1+kx -1-kx _ lim 2x+1

x % x-1 x-% X x -0 x-1

0+1_ lim 1+kx -+/1-kx X[ 1+kX+\/1-kXJ:0+1

0-1_X—>0' X \/1+kX+\/1-kX 0-1

1= x<0

if 0 < x <1

lim  1+kx- (1-kx)
x -% x(\/1+kx+\/1-kx )
lim 2kx

x -% x(\/1+kx+\/1—kx)

lim
2k ! =-1

X—’O'(\/1+kx+M)

=1

=-1

OR
_ 3 _ .3 . d2y T
If x =acos™0 and y = asin0, then find the value of d—zatazg
X
Answer:
x = acos’0

X _3ac0s%0 (-sin@"
de

X 340026 - sind
de

y = asin®0

d—x=3a sin26cosH
de

Cc0Ss2x - cos2a
COSX - COSa

. (2x+2a) . (2x-2a
-2sin sin
_ 2 2

L (x+a) .. (x-a
-2sin sin
[ 2 J ( 2 j

sinx +a

)
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B i )k e W

)

sin(xzajsin(xé(}}
~fos 259 onl( %57
- 4cos[xzajcos[x-zaj

Now,
C0S2X - cos2a

COsSX - cosa

dx

J(2cosx + 2cos o )dx
= 2sin x + 2xcosa + C

dy
dy _ dp _ 3asin’8cosB

dx dx -3acos?sin®

doe
j—y:tane
X
2
d%_ secze.@
dx dx
dy_ sec’®
dx? 3acos?sin®
dx? 3acos*sin®
ﬂ:;
2
dx”  3asin T cos? T
6 6
dx? 4
3a 1 ﬁ
2 2
d’y_ 32
dx? 27a

Question: 17 **

COS2X —Ccos2a

Evalutate: [
COS X —COS Ol

OR
X+2

X2 +2x+3

Evaluate: |
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Answer:
X+2

I\/x2+2x+3

Let x+2 = Adi (x2+2x+3) + B
X

X+2=A2x+2)+B
X+2=2Ax+2A+B
On equating coefficients
X =2Ax
1
2
2=2A+B

2= 278
2

1
| dx+ | dx
2" Jx2+2x+3 Jx2 +2x+3
=A+B....... Equation 1

= —[————=dx
27 x?2+2x+3
Let x*+2x+3 = t
(2x+2)dx = dt
Now,

lj 2X +2 dx
27 x?+2x+3

B=| —X*2 g«
VxZ +2x +3

:J’;dx

VX2 +2x+1+2

1
w15 +(2)

=Iog‘ x+1 )+x2+2x+3‘

Put value of A & B in equation 1
=A+B

=/x? +2x+3+log‘ (x+1)yx?+2x+3[+C
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Question: 18

Evaluate: | (:X
X(x° +3)
Answer:
dx

I—= =
X (X°+3)

x*dx
X (x°+3)
Let (x°+3) =t
5x4dx—dt

1

51t (t 3)

1 A B
et =—+
t t-3) t t (t-3)

A(t-3) + Bt
—3A + Bt
1= (A+B)t-3A
On comparing coefficients
1=-3A

1
1

1 dt
-3)

5t (
I DO B
5713t 3 (t-3)
-1
logt+—log (t-3C
g 15 g (t-3)3

()

_ - Iog x°+3 +C
15 x +3
+C

Question: 19

Evaluate: [2"———d o
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Answer:

Letl= jj";dx

1+ esinx
We know that,
2f (x) dx=[{f (x*f (2a-xjdx

- 1 1
. = +
o IO e|:1 + esinx 1+ esin(21‘r—x) :|dX

1 1
=" — + — |dx
-[0 |:1 +es™ 14 esmx:|

. 1+esinx
l_v[U |:1 + esinx }dx
I=], dx

I=[x];
Question: 20

Ifa=i—j+7k and b=5i—j+2k , then find the value of 1, so that a+b and a—b are perpendicular
vectors.

- -

a+b=i-j+7k+5i-j+Ak

=6i-2j+ (7+AK

a-b =i-j+7k- Gi-j+Ak )

=-4i+ (7-\K

Since, é+5 and (S-B ) are perpendicular vectors
(a+b)and(a-b)=0

[6i-2+ 7 +AK|[-4i+ 7-AK]=0

=24 + (7+0)(7-1.) =0

24+49-27=0
22 =25
A=+5
Question: 21

Show that the lines r=3i+2j—4k +x(ﬁi‘— 2j+ 2l2) r=5i-2j+ u(3T+ 2j+ 6R) are intersecting.
Hence find their point of intersection.

Answer:

Lines are: r= 3i+2j- 4k +)\( i-2j+ 21{) r=5i-2j+ p(3?+ 2]"+6R)

Position vectors of the given lines are:

3i+2j- 4k +A(i-2j+2k)= B+A]+ @ +2A ]+ (4+2\K

5i-2] +4(3i+2+6k)= (5+p )+ (:2+2 J+6pk

If these lines are intersecting, then there will be a common point
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@+A)+ 2+2NJ+ (4+2hk= (5+p)+ (-2+2]+6pk
On comparing the coefficients
3+A =5+ 3u
2+20=-2+2u
-4+2) = 6p
On solving above equations
A=-4,p=-2
Position vector of the point of intersection
F=3i+2]+6R-4(i-2j+2k)=4;6}1zk
Hence, the coordinates of the point of intersection are (-1,-6,-12)
On solving these equations,

a _ b _ ¢
8+10 5+12 6-2
a_b _c
18 17 4

a=18x, b =171, c=4\r

Put value of a, b and c in equaiotn 1
18AM(x-2) + 170 (y-1) + 40(z+1) =0
18x + 17y + 4z = 49.

Hence, vector equation of the plane is r. (18i+17 j+4k F49.

Question: 22

The probabilities of two students A and B coming to the school in time are gandgrespectively.

Assuming that the events. ‘A coming in time’ and ‘B coming in time’ is independent. Find the
probability of only one of them coming to the school in time. Write at least one advantage of
coming to school in time.

Answer:
Let probability that A comes to school on time = P (A)
Let probability that B comes to school on time = P (B)

OR
Find the vector equation of the plane through the points (2, 1,-1) and (-1, 3, 4)
and perpendicular to the plane x -2y+ 4z = 10.

Answer:

Equation of plane passing through 2,1, 1 is

a(x-2) + b(y-1) +c(z+1) =0 ............... equation (1)
This equation of plane pass through (-1,3,4).

Thus,

a(-1-2) +b(3-1)+c(4+1) =0

-3a+2b+5Cc =0..ccoiiiiiiiii, equation (2)

Also, the above equation of plane is perpendicular to the plane x — 2y + 4 = 10
Thus,

A(1) +b9-2) + c(4) =0

A-2b+4c=0.........cenen... equation (3)

Now, we have

-3a+2b+5c=0

a-2b+4c=0

probability of only one of them coming to the school in time =
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P(A) [1-P(B)] + P(B) [1-P(A)]

5
7

Section C (Question numbers 23 to 29 carry 6 marks each)

Question: 23
Find the area of the greatest rectangle that can be inscribed in an ellipse :—§+Z—j =1
Answer:

A

e
N

D

0\/0.1

2 2
.
a® b
The points are
A= (-a sin6, b cos0)
B = (a sin6, b cosb)
C = (-a sin®, -b cosb)
D = (-a sin®, -b cosb)
Thus,
AB = 2a sinf
BC = 2b cos6
Area of reactangle ABCD, S = AB XBC
S = (2ab sin260). (2bcos0)
S = 2absin260
On differentiation

§:2ab (2cos206
de

§:4ab00329
de

295
de
4abcos26 =0
cos 20=0
3] :E
4
§:4ab00329
do
On further differentiation
_d?’s _ .
L 8absin20
do

p=""
4
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2
&S _gab<o
de

S = 2ab sin20
Syox = 2absin2 (U = 2ab

OR

Find the equations of tangents to the curve 3x% - y2 = 8, which pass through the Point (%0) .

Answer:

The e%uation of the curve is
3x% - y =8

On differentiation is

6x-2X. ﬂ =0
ds

dy _ 3x

ds y

Tangent at the point (x1,y1) on the curve is
3%, 2-y 2 =8 i, Equation(1)

Slope of the tangent = dy =3

dx Y4
(x1.y1)

Equation of the line passing through (x4, y4) with slope %is
Y4

3x
Y-y, = —F (X-X; )

1

Point (:Oj lies on the above equation

3x,( 4
0-y,= 1(’)(1]
y; 3

Va2 = 3% %+ 4% = 0l Equation(2)
Now, take equations 1 and 2
3X212 - Y122= 8

y12 - 3X12 + 4X1 =0

Thus,

X1=2,y1+2

Hence, equation of tangents are:
y-3x+4=0

y+3x—-4=0

WBCHSE Mathematics (2016) Xvi



Question: 24

Find the area of the region bounded by the parabolay = x* and y = |X **)

Question: 25

Find the particular solution of the differential equation (tan”'y- x) dy = (1+y?)dx, given that when x
=0.y=0. **)

Question: 26

Find the equation of the plane passing through the line of intersection of
F.(?+3j)-6=0& F(§| -]+Z|\<)=o the planes whose perpendicular distance from origin is unity. (**)

Answer:

(tany-x)dy = (1+y?)dx
dx _(tan”'y-x)

dy  (1+y?)

dx _tan”y X

dy 1+y* 1+y’

dx X tan™y
dy 1+ yz 14 yz

dy
Integrating factor = e Yy’ :eta”—ly
Now, multiply the above equation with integrating factor

etan—1ydl+ etan—1y_ X — etan—1 .tanﬂ y
dy 1+Yy’ 1+y’
_ _, tan™
X_etan 1y :J‘etan 1y. }/dy
1+Yy°
Lett=tan"y
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dt=-2
1+Yy

x.el"y :jet.tdt
Applying by parts
d
x.e®"y = t(e')— e‘.{ t }dt
y=t(e')-[e' (1)
xe®" 'y = t(e!)- j e'dt

xe®" 'y =te'—e'+C

tan—1 tan—1

x.e® 'y =tan y(e""'y)-e
Whenx=0,y=0
0= Oztan—l 0(etan—1o ) _ etan—m + C

y+C

=-e’+C
Cc=1
Thus,

X-etan-1y :tan-1y(etan-10 ) + C

x = tan’ly -1 + e‘ta”71y

Question: 27

In a hockey match, both teams A and B scored same number of goals up to the end of the game.
So to decide the winner, the referee asked both the captains to throw a die alternately and
decided that the team, whose captain gets a six first, will be declared the winner. If the captain of
team A was asked to start, find their respective probabilities of winning the match and state
whether the decision of the referee was fair or not.

Answer:
A starts the game

1
Probability of getting a six = g

1.5
Probability of not getting a six = 1- 6=6
Team A is declared, when captain of team A gets a six in first, third, fifth, seventh...... ;in these
throws captain B will not get a six.
Team B is declared, when captain of team B gets a six in second, forth, sixth, eighth...... :in these

throws captain A will not get a six.

Probability that team A will be a winner = P(A)

Probability that team B will be a winner = P (B)

P (A}=1+§x§x1+§x§x§x§x1+ ........... ®
6 6 6 6 6 6 6 6 6

2 4
P A 1 1+(5j +(5j o oo}
6 6 6
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Question: 28

A manufacturer considers that men and women workers are equally efficient and so he pays
them at the same rate. He has 30 and 17 units of workers (male and female) and capital
respectively, which he uses to produce two types of goods A and B. To produce one unit of A, 2
workers and 3 units of capital are required while 3 workers and 1 unit of capital is required to
produce one unit of B. If A & B are priced at Rs 100 and Rs 120 per unit respectively, how should
he use his resources to maximise the total revenue? Form the above as an LPP and solve
graphically. Do you agree with this view of the manufacturer that men and women workers

are equally efficient and so should be paid at the same rate?

Answer:

Let the no. of units of

Let the no. of units of B

Total workers used in production of units of A & B 2x + 3y
Total capital used in production of units of A& B 3x +y
As per the question,

2x + 3y <30

3x+y<17

Z =100x + 120y

x>0

y>0

Points Z =100x + 120y

A(0,10) Z = 100(0) + 120(10) = 1200

B(3,8) Z = 100(0) + 120(8) = 300 + 960

c(17), z:1oo(17j+1zo(0) (1700j
3) 3 3

0(0,0) Z =100(0) + 120(0) = 0

Question: 29

The management committee of a residential colony decided to award some of its members (say
x) for honesty, some (say y) for helping others and some others (say z) for supervising the
workers to keep the colony neat and clean. The sum of all the awardees is 12. Three times the
sum of awardees for cooperation and supervision added to two times the number of awardees for
honesty is 33. If the sum of the number of awardees for honesty and supervision is twice the
number of awardees for helping others, using matrix method, find the number of awardees of
each category. Apart from these values, namely, honesty, cooperation and supervision, suggest
one more value which the management of the colony must include for awards.
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Answer:
Let the awardees for honesty = x

Let the awardees for helping others =y

Let the awardees for keeping the colony neat & clean =z
As per the question,equations become as

X+y+z =12

2x+ 3y +3z=33

x-2y+z =0

1 1 1

2 3 3|ly|=|33
1 1

N
o

2 1
|A| = 1[3+6] - 1[2-3]+1[-4-3
A =9+1-7
‘A‘ =3=0

9 30
AdjA=|1 0 -1

9 -3 0][12]
1 0 -1)33

] (108 -99 +0
X= 3 12 +0 +0
-84 +99 +0

X=3,y=4,z=5

The awardees for honesty = 3

The awardees for helping others = 4

The awardees for keeping the colony neat and clean = 5

(**) Currently out of syllabus. Answer can be provided up on reques
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