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SECTION -1I
1. (A)
(i) (d)
~[PA(@or)] =~ [P) V[~ (@ )] By De Morgan's law
=~ [(P)]v]~(~gvr) ] By Conditional Law
—~ [(P)] v [(q/wr)] ................... By De Morgan's law
~[PA(gor)]=~Pv(ganr)
(i) (o)

2x2 —x =0
x(2x—1)=0
x=0o0r2x-1=0
Xx=0o0rx= =
2
For x = 1
2

sin~1 (1—x)—25in‘1x —sin1 1 _2sin1 1 — _sin’t L__~z
2 2 2 6

So x = % is not solution of the given equation.

Forx =0

sin~! (1-x)- 2sin"! x =sin! (1)- 2sin! (0) = % —0=Z

2

So x = 0 is a valid solution of the given equation.



(i) (a)

Equation of the coordinate axes are x = 0 and y = 0.

.. The equations of the lines passing through (2, 3) and parallel to coordinate axes are,
Xx=2andy = 3.

i,e.x-2=0andy-3=0

The joint equation is given as

(x-2)(y-3)=0

Xy -3x-2y+6=0

(B)
()
1 -1
A{l 2 3},B= 1 2
1-2-3 L
1 -1
AB=F 2 3%1 2
1-2-3]|] 5

[0
(AB)™ (AB) =1
o[ 3 7
Using R, — éRl

[, -1 1
Y N
01

1 2] |50
(AB)"|" 2 |= g
0 -1 |51
Using R, - (-1)R,
[ 1
1] | = o
()it 2= 62
0 1] -5 1




Using R, - R, +(%jR2

14
'(AB)_I 10 _| 6 2
B 01 2
_Z2
3
14
(AB)'1=| & 2
2
<
3
14
(AB)™ = S 2
_2
3

(i) We know that the vector equation of a plane passing through a point A(é)
and normal to n is r-n = a.n.

Here 3 =3i-2j+ k and n = 4i +3j+2k

.. The vector equation of the required plane is
Fon = an

F-(4i+3j+2|2) = (3€—2§+ |2)-(4?+3j+2|2)
F.(4i+3j+2|2):12—6+2

To(41 +3j+2k) -8

. The vector equation of the required plane is F-(4f +3}+2I2) =8.

(iii) R is the point which divides the line segment joining the points
PQinternallyintheratio2:1.

_ 2(a)+1(p)

T o
2(i+4j-2l2)+1(?-zj+|2)
3

3i+6j-3Kk
3
r=i+2j-k

The position vector of point R is i+ 25 —k.



(iv) Let m, be the slope of 2x + y = 0.

.'.m1=—2
6x2+kxy+y2=0
.'.a=6,h=5,b=1
2
2h
LMy +my, =——=-k
1 2 b
.'.—2+m2=—k
.'.m2=—k+2
a
Now, mym, = —
12 =4
2 (-2)(-k+2) =6
2k -4 =6
k=5

The value of k is 5.

(v) Given equations of the line are:

Let 3 and b be vectors in the direction of lines XL _Y -2 _2-3

-3 2k 2
x-1 y-5 z-6
3k 1 -5
a=-3i+ 2kj + 2k and b = 3ki + j - 5k
ab=-9k+2k-10=-7k -10

and respectively.

Given lines are at right angle

.0 =90°
cosez-i
3o
0- 20
‘a b
ab=0
-7k-10=0
__10
7

The value of k is —g.



(A)
(i) Consider the statement pattern:[(p - q)Aq| —>p

Thus the truth table of the given logical statement: [(p > q)Aq]—p

P g p-og (pPo>a)aq [(P>a)ag]—>p
TT T T T
TF F F T
FT T T F
FF T F T

From the above truth table we can say that given
logical statement: [(p — q) A q] — p is contingency.

(i)

F
Let A, B and C be the vertices of a triangle.

Let D, E and F be the midpoints of the sides BC, AC and AB respectively.
Let OA = a,0B = b,0C = c,0D = d,0E = e and OF = f be position vectors
of points A, B, C, D, E and F respectively.

Therefore, by midpoint formula,

a=b+c’—_a+b ndF=a+b
2 2 2
2d=b + c,2e 2f =




a+b+c

W (Tl

Let g =

a+b+c B (2)8 + (1)a B (2)e + (1)5 ~ (2)1:' + (1)c
3 - 3 B 3 - 3

If G is the point whose position vector is g, then from the above equation

it is clear that the point G lies on the medians AD, BE, CF and it divides

each of the medians AD, BE, CF internally in the ratio 2:1.

Therefore, three medians are concurrent.

-.We have g =

(iii) We know that the shortest distance between the lines
(2 - b, b, )
p.<b) |

r=a+ Ab; and r= a,+ b, is given as d =

Given equation of lines are
r = (4i-3) + A(i+2j-3k) and r= (i-j+2K) + p(i+4j-5k).
~a,—a, =(-j+2k)-(4i-]) = -3 + 2k

i
b, xb, =|1
1

AN o

k

-3
-5

=i(-10+12)-j(-5+3)+k (4 - 2)

=2i+2j+2k

(a_z_;?l).(b_lxg):(ah 212).(2i+2j+2l2):_3x2+ox2+2x2 =2

b xb;| = A+ 474 =23

. -2 -1 1 .
Shortest distance = d = |—| = |—=| = —=units.
‘245‘ ‘45‘ 3

(B)
0 vs-to-vPes(§] o o7 (S

- oo () (S]] 2 o) s & -2t &) - v 4]

a’ (1) + b? (1) - 2ab[cosC]

........... [ cos?0 + sin6= 1 and cos?0 — sin%0= cosZH}



(i)

2 2 2
= az + b2 —2ab u
2ab

2 2 2
........... [Cosine Rule cosC = u}

2ab
=a’+b®-a®-b?+c?

= C2

= RHS

Hence proved.

Consider equations obtained by converting all inequations
representing the constraints.

ox+y=7ie —+¥_1
5 7
2x + 3y = 15i.e. ——+X -1
55

7
x=3,x=0,y=0

Plotting these lines on graph we get the feasible region.

>

TY




(iii)

From the graph we can see that ABC is the feasible region.

Take any one point on the feasible region say P(2, 3).
Draw initial isocost line z; passing through the point (2, 3).
.7y =4(2)+5(3)=8+15=23

. Initial isocost line is 4x + 5y = 23.

Since the objective function is of minimization type, from the graph we can see that
the line z3 contains only one point A(3, 1) of the feasible region ABC.

Minimum value of z = 4(3)+5(1) =12+5 =17
sz is minimum when x = 3 and y = 1.

Let ¥'x’, ¥'y" and %'z’ be the cost of one dozen pencils, one dozen pens and one
dozen erasers.
Thus, the system of equations are:

4x + 3y + 2z = 60
2X + 4y + 6z = 90
6x + 2y + 3z =70
Let us write the above equations in the matrix form as:

4 3 2][x]| [60
2 4 6|ly|=|90|ieAX =B
6 2 3)|z] |70
. 1 3
Using R2 - Rz —ER]_ and R3 - R3 —ERl
Y2 % [eo
0 > 5||y|-| 60
5 z -20
0O -=- 0
L 2
Using R3 - R3 +R2
* 22X [eo
0 > 5||v|-|60
00 5 z 40



As matrix A is reduced to its upper triangular form we can write
4x + 3y + 2z = 60.......... (i)

gy +52=60......... (ii)

5z = 40

z=38..... (iii)

Substituting (iii) in (ii) we get,
gy +5(8) = 60

y = 8..... (iv)

Substituting (iii) and (iv) in (i) we get,
4x + 3(8) +2(8) =60
x=5

- Cost of one dozen pencils, one dozen pens and one dozen erasers is %5, %8
and %8 respectively.

(A)
()
Volume of tetrahedron whose conterminus edges are a,b and c is é[é b E].

Here a = 7i+k; b = 2i+5j-3k; c = 4i+3j+k.

Volume of tetrahedron =1[5 b E}
6
701
:éz 5 _3
4 3 1
:é[7(5+9)—0(2+12)+1(6—20)]
1
- ~[98-0-14
c[98-0-14]
1
= ~[84
2 [84]
— 14

Hence volume of tetrahedron is 14 cubic units.



~(Pva)v(~pad)

=~(pvq)v~(pv~q) by De Morgan's Law

=~ [(pva) A(pv~a)] by De Morgan's Law

=~{[(pva)ap]v[(pva)a~ q}} by Distributive Law

=~ {[P]v [(Pva)a~ q]} by Absorption Law

=~ {[P]v [(pA~a)v (g /\Nq)]} by Distributive Law

=~ {[P]v [(pA~a)v F]} by Complement Law

=~ {[P]v[(p A~a)] by Identity Law

=~ P A(~PvQ) by De Morgan's Law

=~ P by Absorption Law
(iii)

Consider a homogeneous equation of degree two in x and y

ax? + 2hxy + by2 =0 (i

In this equation at least one of the coefficients a, b or h is non zero.
We consider two cases.

Case I: If b = 0 then equation becomes

ax? + 2hxy =0

x(ax+2hy)=0

This is the joint equation of lines x = 0 and (ax +2hy) =0
These lines pass through the origin.

CaseIl: Ifb = O
Multiplying both the sides of equation (i) by b, we get

abx? + 2hbxy + b2y2 =0

2hbxy + b2y2 = —abx?

To make LHS a complete square, we add h?x2 on both the sides.
bzy2 + 2hbxy + h?x? = —abx? + h?x?



(by + hx)* = (h* - ab)x?

(by + hx)2 = K XT

(by + hx)* K h? - ab XT

j
N
Q
o

[(by+hx) h2—a XM (by + hx) - hz—abj }:0

It is the joint equation of two lines

(by +hx)+(x/h2 —abjx =0 and (by +hx)—(x/h2 —abjx -0
[h+x/h2—abjx+by=0 and (h— h? —abjx+by:o

These lines pass through the origin when h? — ab > 0.

From the above two cases we conclude that the equation ax? + 2hxy + by2 =0
represents a pair of lines passing through the origin.

(B) _
(i)
Let M be the foot of the perpendicular drawn from the point A(1, 2, 1) to the
line joining P(1, 4, 6) and Q(5, 4, 4).

Equation of a line passing through the points (x{,y1,2;) and (x3,y2,25) is
X=Xy _Y-¥1 _Z-27
X2=-X1 Y2=-Y1 Z42-24
Equation of the required line passing through P(1, 4, 6) and Q(5, 4, 4) is
x-1 y-4 z-6
4 0 @ =2
Coordinates of any point on the line are given by
x-1 y-4 z-6

- - -y
4 0 -2
X=41+1,y=4;,z=-21+6
-. Coordinates of M are (41 +1,4,-21+6)........... (N

The direction ratios of AM are
42 +1-1, 4-2,-24+6-1
ie 44,2,-2A1+5



The direction ratios of given line are 4,0,-2.
Since AM is perpendicular to the given line
- 4(42)+0(2)+(-2)(-224+5)=0

A==
2

Putting 2 =% in (i), the coordinates of M are (3,4,5).
. Length of perpendicular from A on the given line

AM = {(3-1)2 + (4-2)? +(5- 1) = V24 units.

Let n = ABx AC
Then the equation of required plane is,

F.(9? + 35 - k) - (? +5- 2|2)-(9? +3j- k)

F.(g? +3j - |2)=9+3+2

r{9 + 3j - k) - 14

The cartesian equation of the plane is given by,

(xf+ yj + zlz)-(9f+ 3j - I2)=14, where r =xi + yj + zk
O9x + 3y -z =14

The cartesian equation of the plane is 9x + 3y - z = 14.



(iii)
sinx +sin3x +sinb5x =0
(sinx + sin5x) +sin3x =0

Zsin(x +25chos(5X2_Xj +sin3x =0

s.2sin3xcos2x +sin3x =0
(2c052x +1)sin3x =0
(2cost+1)=0 or sin3x =0

;. COS2X = —% or sin3x =0
cost:—cos% or sin3x=0

;. COS2X = cos(n —%) or sin3x=0

2x=2n7riz?” or 3X=mnr

where nnme Z

mr
or x= ——

.'.X=I‘l7ziz
3 3

i . mr
The required solution is x = nz + or x = = where n,m e Z.

wly



SECTION - 1I

(A)
() )

f(l) =4(1)+3 =7
limf(x)=limf(1-h)=limk+1-h=k+1
X—1" h—-0 h—-0
For the function to be continuous at x =1,
f(1) = lim f(x)

x—>1"

=7=k+1
=k=6

(i) (a)

y=x*+4x+1
Differentiating w.r.t 'x', we get

d—y:2x+4
dx

dy
= =2(-1)+4=2
:>dXX:71 (-1)+

Hence, slope of tangent at (-1, -2) is 2.
So equation of tangent line is
y-(-2)=2(x~(-1))

=2x-y=0

(ii)  (c)

Since X ~ B(n = 10, p),
E(x) = np
=10p =8
=p=0.8

(B)
(i)
y =X
= Iny = xlnx
Differentiating both sides with respect to 'x', we get

(%}3—1 = x(%)ﬂnx(l)



(ii)
s =5+20t -2t
ds

V= P 20 - 4t
v=0=20-4t=0=t=5
_dv
T dt
Hence, acceleration is — 4 when velocity is zero.

a = -4, which is a constant.

(iii)
Area bounded = .[ydx
0

= i\/4axdx
0

a 1
= Zﬁj x2dx
0

a

l+1

2
~2Ja| =X
1
—+1
2 0

3

2\/5><§><a2

13
1.3
— 1922

46
3
4
3
(iv)
P(X<4)=P(X=1)+P(X =2)+P(X =3)+P(X = 4)

=k +2k + 3k + 4k
=10k

v
j' Sin X dx

V36 — cos? x
Substitute cosx =t
= —sinxdx = dt
The integral becomes

J' —dt _ _I dt
V36 - t? \J6? —t?

, COSX
—+

=—sin‘1£+C:—sin C



5.

(A)

(i)

Let 6x be a small increment in x.

Let 8y and du be the corresponding increments in y and u respectively.
As 8x — 0,8y —» 0, du — 0.

As u is differentiable function, it is continuous.

Consider the incrementary ratio 2_y
X

We have,é—y 6y au
OX 8u 5x

Taking limit as 8x — 0, on both sides,

lim— oy = lim 8y ou
3x—0 §X Sx—0 8u 8)(

= lim % _ lim — oy X I|m —...(1)
x—0 §X 3u—0 §y x—0 8)(
Since vy is a differentiable function of u, (!m‘zjg—y exists
u—> u
and 5Im‘g)g—u exists as u is a differentiable function of x.
X—> X
Hence, R.H.S. of (1) exists.
Now, Iim6—y :d_y and I|m6—u =ﬂ
u—0 §u du x—0 §X dx
lim &Y dy dy du

x>0 §X du dx
Since R.H.S. exists, L.H.S. of (1) also exists and
lim — Sy _dy
5x—0 §X dX
dy dy du
Tdx  du dx

(ii)
Probability of recovery=P(R)=0.5
Probability of non-recovery = P(Ii) =1-0.5=0.5

(a) If there are six patients, the probability that none recovers

= 1
_ 6
= °Cy x[P(R) X[P(R)] =(0.5)° = o4
(b) Of the six patients, the probability that half will recover

6! 1 5
= °C, x[PR)T x [P(R)] =231 0 5% x0.5% =20 x a" 16




(iii)

X

]

oy

dx...(i)
a’cos?x+b?sin’x

T—X

dx

dx...(ii
a’cos x—|—b231n2x (i1)

‘[ 2cos” (m—x)+b*sin®*(t—x)
-
Adding (i) and (ii), we get

ks
T—X

f > dx—i—f > dx
0 a’cos x+b sin? x a’cos?x+b?sin’x

p s
=2l= dx
0 a’cos?x+b?sin’x
K 1
:>I:Ef > > ———dx
2Y a“cos“x+b°sin“x

0

™
T sec’x - -
=— | ———"——dx (dividing numerator and denominator by cos°x)

2 a’ +b*tan’x

Substitute tanx =t = sec? xdx = dt

t=tanx=0atx=0,t=tanx=0atx=m

0
T dt
=]=— | ————=0

Zkofaerbzt2

(B)
(i)
lim f(x) = lim 2~
x—0" x>0 6 -1
4°" 1 e -1
_im_0-h  0-h
- L'HJ 6°M _1
0-h
_ log4 -loge
log6

~ log6



4X _eX

IinO] f(x) = lim

x-0" 6% -1
40+ 1 @%h _1
—lim O+h0h_ O0+h
h-0 6°" -1
0+h
_log4 -loge
~ log6
Iog[4j
3 e
" log6

LHL = RHL at x = 0.
But f(0) = limf(x).

Hence, the given function has removable discontinuity at x = 0.

Iog(4)
To remove the discontinuity, we define f(0) = &

log6

So the revised function becomes

4;6’ X =0

6 -1
f =
(x) Iog(4j

—e, XxX=0

log6

(ii)
jx/az - x*dx

Substitute x = asin®...(i)

= dXx = acos0do
The integral becomes

J'\/a2 — a?sin® Pacos 0do
= _[a«/l — sin? acos 0do

=a2_|'cos2 0do
_ azjl + c;sze 0

_ 3 D%deqco;zede}

2 2
_ 39,3 Gn2escC
2 "2



2
From (i),ezsinl(ij, sin26:25in9c056:2(§J 1—X—2=2—§( a? - x?
a a a@ a

Substituting these values, we get

2
~ 2 gint (gj RN e (Proved)

2 2
(iii)
Let 0 be the temperature of the body at any time t.
Temperature of air is given to be 10°C.
According to Newton's law of cooling, we have
do

— «9-10°
dt

do
- — =

dt

do

=

0-10°
Integrating both sides, we get
P —

0-10°

=In(6-10°) =kt +C
= 0=10°+e™C...(1)
Whent=0, 6 =110°.
Substituting in the equation, we get
110° =10° + ¢
= e =100°
Substituting the above in (1), we get
0 =10°+100°%™...(2)
As per the data in the question,
60° = 10° + 100°e ™"
— 50° = 100°e™"...(3)

k(6-10°), k>0

= —kdt

Sek==2
2

=k =1In2
35°=10°+ 100%™
= 25°=100°™...(4)



Dividing (4) by (3), we get

Z:e—k(l—t)
=In2=-k(1-t)
to1-n2_In2_,

k In2
Hence, additional time required for cooling from
60° to 35°is 1 hour.

(A)
(1)
LHS = 2J'af(x)dx = Ja-f(x)dx + 2J.af(x)dx...(l)

Substitute x =a+t in the second integral.
= dx =dt

When x = a,t = 0.

When x = 2a, t = a.

Tf(x)dx = jf(a +t)dt

f(a+(a—-t))dt [ j;f(x)dx = Tf(a - x)dx]

0

Oty ) Oy

f(2a-t)dt

2a a a a

= [ f(x)dx = [f(2a - x)dx [ [f(t)dt =] f(x)dx]
a 0 0 0

Using the above in (1), we get

2ff(x)dx = Tf(x)dx + Tf(x)dx

Ot

f(x)dx + [ f(2a - x)dx = RHS (Proved)
0

(i)

I 1+logx X
X (2 +logx)(3 +logx)
Substitute logx =t...(1)

~ Lax = dt
X

Hence, the integral becomes

1+t
-[(2+t)(3+t)



J' 2+t-1

2+t 3+t)
2+t 1
dt
-[2+t 3+t) I(2+t)(3+t)
_.‘- _J- t+3 t+2)
3+t 2+t )(3+1)

(t+3) (t+2)

=[5t Jeroeo Taroe0™

=j dt—j' dt+j L
3+t 2+t 3+
1 1
:2 —
J.3+tdt J.2+tdt
:2In(3+t)—ln(2+t)+C
Substituting the value of 't' from (1), we get

J- 1+logx x
X (2 +logx)(3 +logx)

=2In(3 +logx) -In(2 +logx) +C

(iii)

y = cos! (Zxxll - xz)

Substitute x = sin0®

y = cos™* (Zxxll - xz)
=cos* (2 sin0y1 - sin? 6)

0s™*(2sin6cos0)

sl 1

S y=2-20=2=-2sin"x
2 2

Differentiating with respect to 'x', we get
dy = -2
dx  J1-x?




(B)
(i)
dy _ 1
dx cos(x+y)
Substitute x +y = v...(1)
Differentiating w.r.t. 'x', we get
dy d_v
dx dx
dy dv
T dx | dx
The original differential equation becomes
dv 1. 1
dx CcosV
dv _1+cosv
dx CcosV
J cos vdv _Id
1+cosv
o} 1-1)d
N I(C SV + )dv
1+ cosv
:.[1+cosvdv_J- 1
1+cosv 1+cosv

1+

=x+C

dv=x+C

:jdv—fgdv X+ C
2cos? >

:v—ljseczxdv:x+c
2 2

:v—ltanX=X+C
2 2

Re substituting the value of 'v' from (1), we get

1 X+Yy

x+y—§tan =x+C

:>y=%tanxer

For x =0 and y =0, we get C=0

+C

X+y
2

Hence, particular solution is y = %tan

(i)

Length of the wire is 'I'.

Let the part bent to make circle is of length 'x'
and the part bent to make square is of length 'l - x
Circumference of the circle = 2nr = x

X
=r=—
2n



2 2
Area of the circle = nr? = n[iJ _ X

T 47
Perimeter of the square=4a=1-x=a-= I_TX
Y | 2
Area of the square = -x) _ (1-x)
4 16
2 (1-x)
Sum of the areas A(x) = x4 (1-%)
47 16
A(x)
For extrema, =0
2(I-x)(-1
= 2_X + (;)() =0
4r 16
4(2x)+2 —1
| 4 2m(x-))
16n
=4x+nx-nl=0
7l
= X =
4+n
Since there is one point of extremum, it has to be the minimum in this case.
X I
r= —=——...11
2n 2(4+ TE) (1)
oo
Side of the square a = =X __4+n_ | . (2)
4 4 4+7

From (1) and (2), we get that the radius of the circle is half the side of the square,
for least sum of areas. (Proved)

(iii)
(a) c.d.f. of a continuous random variable X is given by
F(x) = [ f(y)dy
In the given density function f(x), range of X starts at '0'.
X X y y2 X X2
SF) = |f(y)dy = | Z=dy =| 2| =—
(x) !(y) y £32 y {641 =
X2
Thus, F(x) =—, ¥xeR
64

0.5 1

64 256

For any value of x > 8, F(x)=1
~F(9)=1

(b) F(0.5) =






