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ESIGN OF THE QUESTIO
PAPER

MATHEMATICS- CLASS XlI

Time: 3Hours
Max. Marks: 100

Theweightage of marksover different dimensionsof the question paper shal beas

follows
(A) Weightage to different topics/content units
S.No. Topic Marks
1. Relations and functions 10
2. Algebra 13
3. Calculus 44
4. Vectors and three-dimensional geometry 17
5. Linear programming 06
6. Probability 10
Total: 100
(B) Weightage to different forms of questions:
S.No. Form of Questions Marks for Total Number Marks
each Question of Questions
1. MCQ/Objective type/VSA 01 10 10
2. Short Answer Questions 04 12 48
3. Long Answer Questions 06 07 42
29 100

(C) Scheme of Option:
Thereisno overall choice. However, an internal choice in four questions of four
marks each and two questions of six marks each has been provided.

Blue Print
Units/Type of Question MCQ/VSA SA. L.A. Total
Relationsand functions - 4(1) 6 (1) 10(2)
Algebra 33 4(1) 6(1) 13(5)
Cdculus 4(4) 28 (7) 12(2) 44 (13)
Vectors and three
dimensional geometry 33 8(2 6 (1) 17 (6)
Linear programming - - 6 (1) 6 (1)
Probability - 4(1) 6(1) 10(2)
Total 10 (10) 48 (12) 42 (7) 100 (29)
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DESIGN OF THE QUESTION PAPER 307

Section—A
Choose the correct answer from the given four optionsin each of the Questions 1 to 3.

x+yO 2 1001C

Lo O T h aHHLE then(x y)is

A) @1 B -1
© L1 (D) (-1,-1)
2. The area of the triangle with vertices (-2, 4), (2, k) and (5, 4) is35 sg. units. The
valueof kis
(A) 4 B) -2
© 6 (D) -6

3. Theliney =x+ lisatangent to the curve y? = 4x at the point

(A) 1.2 (B) (21
© @-2 (D) (1.2

4. Construct a 2 x 2 matrix whose elements a, are given by
g
Jf i#
& =0 2 J
Hi +))2,ifi =.

5. Find the value of derivative of tan (&) w.r.t. x at the point x = 0.

X-3_y+2_z-6

6. TheCartesian equationsof alineare 5 3 3

. Find the vector equation

of theline.

7. Evaluate I(Si n®x+ x?)dx
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308 MATHEMATICS
Fill inthe blanksin Questions8to 10.

SinX+ cosX

" dx=
8. I\/1+sin2x

9. If a=2i+4]j-kand b=3-2]+Ak are perpendicular to each other, then
A=

10. The projection of =i +3]+k along b=2i —3] + 6K is

Section—B
11. Provethat oot—l%J“?”X”l‘?“XEFE, 0<x< ™
BV1+snx—/1-snxg 2 2

OR

. o N . Tt

Solve the equation for x if sintx + sin12x = 3 x>0
12. Using propertiesof determinants, prove that

b+c c+ta a+b a b c
qtr r+p p+tq=2p q r
y+z z+X X+y X Yy zZ

13. Discussthe continuity of thefunction f given by f (X) = [x+1+ [x+2| at x=—1 and
X=-=2.

2

. . . d7y 11
14. If x=2c0s0 — c0s268 and y = 2sinB - sin26, find Wate:?

OR
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16.

17.

18.

19.

20.

DESIGN OF THE QUESTION PAPER 309

If X1+ y+yy/1+x=0,prove that %z_—l where—-1< x<1

K )

A coneis 10cmin diameter and 10cm deep. Water is poured into it at the rate of
4 cubic cm per minute. At what rate is the water level rising at the instant when
the depth is 6cm?

OR

1
Find theintervalsin which the function f given by f (x) =3 + 2 x#0is
(i) increasing (i) decreasing

Evauate IL dx
(x+3) (x+1)?

OR

1 0O
Evaluate _[509('09 X)+ 109 %)’ de

Va

XSin X
Evauate _[
0

dx
1+cos? x

Find the differential equation of all the circles which pass through the origin and
whose centres lie on x-axis.

Solvethedifferential equation

Xy dx—-(C+y)dy =0

If axb=ax¢,a%0andb # ¢, show that b = ¢+ 14 for some scalar ).
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21.

MATHEMATICS

Find the shortest distance between the lines

F=(A-Di +(A+Y) ] -(@+A)kand F=(1- )i +(2z-1)] +(E+2)k

22. A card fromapack of 52 cardsislost. From the remaining cards of the pack, two
cards are drawn and found to be hearts. Find the probability of the missing card

23.

24.

to be a heart.
Section—C

Let the two matrices A and B be given by

1 -1 00 02 2 -40
_ O a0 .0
A—% 3 4-andB=4 2 4¢
M 1 28 2 -1 SE

Verify that AB = BA = 6, where | istheunit matrix of order 3 and hence solvethe

system of equations
X—y=3, 2x+3y+4z=17 andy+2z=7

On the set R— {- 1}, a binary operation is defined by
ar»b=a+b+abforala bJR-{-1}.

Prove that = is commutative on R — {-1}. Find the identity element and prove that
every element of R — {- 1}is invertible.

25. Provethat the perimeter of aright angled triangle of given hypotenuseis maximum

when the triangle is isoscel es.

26. Using the method of integration, find the area of the region bounded by the lines

Get More Learning Materials Here: &

2x+y=4, 3x-2y=6 and x-3y+5=0.
OR

4
Evauate I(ZXZ =X)dX gslimit of asum.
1

=X
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DESIGN OF THE QUESTION PAPER 311

27. Find the co-ordinates of the foot of perpendicular from the point (2, 3, 7) to the
plane 3x—y -z = 7. Also, find the length of the perpendicular.

OR

Find the equation of the plane containing thelines

F=i+]+A({+2]-K)and F=i+]+p (= +]-2K).
Also, find the distance of this planefromthe point (1,1,1)

28. Two cards are drawn successively without replacement from well shuffled pack
of 52 cards. Find the probability distribution of the number of kings. Also, calculate
the mean and variance of the distribution.

29. A dietician wishesto mix two types of foods in such away that vitamin contents
of the mixture contains atleast 8 units of Vitamin A and 10 units of Vitamin C.
Food ‘I’ contains 2 units/kg of Vitamin A and 1 unit/kg of Vitamin C. Food ‘“II’
contains 1 unit/kg of Vitamin A and 2 units/kg of Vitamin C. It costs Rs 50 per kg
to purchase Food ‘I’ and Rs 70 per kg to purchase Food “II’. Formulate this problem
asalinear programming problem to minimisethe cost of such amixture and solve

it graphically.
Marking Scheme
Section—A
1. (©
2. (D)
3. (A) Marks

6. F=(3—2]+6K)+A(2 -5]+3K), where ) isascaar.
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312 MATHEMATICS

7. 0
8. x+c
9 A==-2
+1
10._7 1x10=10
Sections —B
L BV1+sinx++/1-sinx B
11. L.H.S.=COt1§\/ : J —
EVL+sinx—+/1-sinx[
ﬁ:osx+3|nxﬁ+ ﬁ:osx—smxg
_1 2 2 2 200 1
= cot O 1-
xﬁD 2

dig_ x
E\/B:OSZ

[

Q

S
iR

+sin ;5—\/@305;—8"‘1 ZH

HO

cot™ 3

O x+. x+ X .
Epos— smE cosE—smED

xO

O

Ebos X rsin = —cos = +sin >0
2 2 2 20

BZCOS* 0

= cot™ D—D = cot™ [pot
O2sin >0 U
O 20
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DESIGN OF THE QUESTION PAPER 313

0. X TiC
nce 0<—<—
& 2" 4F !
OR
. , T
sinix +sin2x = —
3
. m
O sin'2x= — —-sin? x
3
N LU
O 2x=sm(§ —sinx) 1

. T . m . 3 - - 1
=sin cos(sm—lx)—cos§ sin(sinx) = gxll—smz (sin™tx X

1
4x = [3,1-x% - x, 5x = /3 /1- % 15

O 25x=3(1-x3

0 28x=3

O xX=_—
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314 MATHEMATICS

N~

13
Hence x = E\/; (asx> 0 given)

13
Thusx = E\E isthe solution of given equation.

b+c c+a a+b
12. Let A=|gq+r r+p p+q
y+z z+x X+y

UsingC, - C +C,+C,, we get
2(at+b+c) c+a atb

A=2(p+q+r) r+p p+q 1
2(X+y+2) z+x X+y

a+b+c c+a a+b
=2|p+q+r r+p p+q
X+y+z z+X X+y

UsingC, - C,-C,and C, - C,-C , weget

a+tb+c -b -c
A=2(p+q+r -q -r 1-
X+y+z -y -z

UsingC, - C +C,+ C,and taking (- 1) common from both C,and C,
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DESIGN OF THE QUESTION PAPER 315

a b c
A=2 r 11
P q >
Xy Z
13. Case 1 when x < -2
f()=|x+1+x+2/=-(x+1)-(x+2) =-2x -3
Case2When-2<x<-1
f()=—x-1+x+2=1 1
Case 3When x = -1
f(X)=x+1+x+2=2x+3
Thus
[+2x-3 when X<—2
f(x)=% 1 when -2<x<-1
HZX+3 when x=2-1
Now, LH.Sax=-2, IM f(X) = lim (-2x-3) =4-3=1
RHSax=-2, im f(x) = lim1=1
Alsof(-2)=|-2+1|+]-2+2|=|-1]+|0|=1
. _ 1
Thus, Im F(X) =f(2) = lim f(x) 12

O Thefunction f iscontinuous at x = -2
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316 MATHEMATICS

Now, L.H.Satx=-1, lim f(x)= lim1=1

X--1" X -1~

RHSax=-1, lim f(x)

X— -1

: 1
= Xllr_'} (2X+3) =1 15
Alsof (-1)=|-1+1|+}-1+2|=1
Thus’ Xlir_rl+ f (X) :xljrpl* =f (—1)
O Thefunctionis continuous at x = -1
Hence, the given function is continuous at both the points x = -1 and x = -2
14, x=2c0s8 — cos20 and y = 2 sinB — sin26
dy _2sin 0 sin 0H
dy _ do _ cosB-cos26 _ I 2 I B?H_ 36 1
SO dx  dx  sin20-sin® 30 _ ey 17
— 2c0s— sin— 2
3] 2 2
Differentiating both sidesw.r.t. x, we get
2
d%y 3,23, d8
dx® 2 2 dx
3 2 39 1 3 2 % 1
T2 sinzo—sing) 2 2. _®_ 8
27 2 2(sin26-sin6) 4 2 , 3B, 6
2 2
3 330 0 1
— Sec’ — Cosec— 1=
8 2 2 2
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Th d_zyate —E i5§$033_n:cosa:ﬂ—__3 1
Saee®¥ T2 T8 s 42
OR
We have

Xy1lty +yl1+x=0
O xJl+ty = -y J1+X

Squaring both sides, we get
X¥(L+y)=y(1+x) 1

O (x+y) xX=-y)=-yx(x-y)

—X
O x+y=-xy,ie, Y= 1+x 2
dy  Hi+x).1-x(0+1)H -1
O &-—% ) £ )D = (1+x)? 1
o (@x° g

15. Let OAB beacone and let LM be the level of
water at any timet.

Let ON=hand MN =r

av
Given AB =10 cm, OC = 10 cm and Ez 4 cm?®

minute, whereV denotesthe volume of coneOLM.

Note that A ONM ~ A OCB
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318 MATHEMATICS

MN_ON r_h___h
ce oc ¥s5 10-"72

1
Now, V = gmzh

h
Substitutingr = Ein (1), weget
1
= —1h?
v 12
Differentiatingw.r.t.t

dv _3nh’ dh

d 12 dt

dh_ 4 dv
dt  mh? dt

dh 4
Therefore, when h =6 cm, — = — cm/minute
dt  9n

OR

f — 3+i
() =% 3

3
O f'(x)=3x3—F
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DESIGN OF THE QUESTION PAPER 319

Asxt+x2+1>0andx*> 0, therefore, for f to be increasing, we have

x>-1>0
O XD(—OO, —1) O (1, oo) 1-

Thusf isincreasingin (—co, —1) O (1, »)
(i) For f to be decreasing f'(x) <0

0 x2-1<0
1
O(x-1) (x+1)<00 xO(-1,0) 0(0,1) [x# 0 asf isnot defined at x = O] 15

Thusf (x) isdecreasingin (-1, 0) 0 (0, 1)

3x-2 _ A ) B + C
16. Let (X+3)(X+1)2 x+3  x+1 (X+1)2 1

Then3x-2=AX+1)2?+B(Xx+1) (x+3)+C(x+3)

comparing the coefficient of x2, x and constant, we get
A+B=0,2A+4B+C=3andA+3B+3C=-2

Solving these equations, we get

A—__ll B-E’ dc—;5 1&
T4 BT AT 2
) M on 5

N T
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320 MATHEMATICS

3X-2

111 1 1
_ORT k= dx + = dx -
e [ & g fa

=T 11
=g ook logx i or Ty G
OR
0 1 O
I[log(logx) + X
O (logx)" O
_ J’Iog(logx)dx +J’#2 dx
- (logx)
Integrating log (logx) by parts, we get
X 1
J'Iog(log x) dx = xlog(log x) - x = dx
logx) ~ x
=x log(log x) —J’i dx
logx
I(I)DE-I—X S e
=x log (log x) - - [x x = dx
g g Hogx -[ E(IOgX)ZE X E

1

- dx
logx -r(log x)?

=xlog (logx) -
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DESIGN OF THE QUESTION PAPER 321

O 1 U X
Therefore,J’ og(log x) + ———[dx = x log (log ) -——+C 1L
(logx)* H log x 2
" xsinx
- = d
17. Letl= _|'1+COSX X
0 a a 0
—I (e x)sin(m-x) dx ince (X)dx= J‘(a—x)dxm
1+cos” (11-x) 8 o 0 §
Tt
_J. Tisinx e | .
1+cos? X
T
02l= nj SNX
1+ cos® X
Put cosx=t for x=z0t=-1, x=00 t=+1 and — sinxdx=dt.
< _dt 1 dt 1
Therefore 2I:Tt{1+t2 = ”-[—11+t2 15
=nHan"tH, = mHan™ (+1)—tan™ (-1)
ot e 1
=+ 1=
"BH 2 2
L
T4
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322 MATHEMATICS

18. The equation of circles which pass through the origin and whose centre lies on
X—axisis

(x-a)’+y?=a’ .. (i) 1=

Differentiating w.r.t.x, we get
dy
2|x—a)+2y—=0
( ) ydx

g x+yﬂ:a 1l

dx 2
Substituting the value of ain (i), we get

0 dyef, »_O, oy
Faxa Y TH Y e

a (xz—y2)+2xy%:0 1

19. Thegivendifferential equationis
X% ydx —(x3+ y3) dy=0

2

dy _ x°y
O &_x‘°’+y3 (1)

Put y:vxsothatﬂ:v+xﬂ 1
dx dx

dv v

VA X— =
dx X+ x3
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0 _—1+Iog|v|:—log|x|+c

cYe

3
-X
0 3—y3+|09|Y|:C,Whichisthereqd. solution. 1

0 ax(B—é)zé 1
0 a=0orb-c=0 or au(B—c) 1
0 a||(6—r:) Rince a # 0& b#¢[ 1

0 b-c=Aa, for somescalar )
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MATHEMATICS

21. Weknow that the shorest distance between thelines F =a+Ab and F=¢+ud is

22.

given by

(e—a)[(JBxa)

D= ——
=

Now given equations can be written as

F:(—f+]—l2) +A (f+f—|2) and r:(f— i+ 2I2) +H (—f+2 J°+I2)

Therefore ¢ —a = 2/ -2 +3k

k
-1 =37 -0. +3k
1

o

o

X

[oX]

1

= =
N B —y

0 [pxd =Joro=1iB=3/2

LetE, E, E,, E, and A be the events defined as follows :
E, = themissing card is a heart card,
E, = the missing card is a spade card,

E, =themissing card isaclub card,
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DESIGN OF THE QUESTION PAPER 325

E, =the missing card isadiamond card Y2

A = Drawing two heart cards from the remaining cards.

Then P(E))=-=7. P(E;) = =7, P(Es)=o = P(Es)= 5= Ve

P (A/E,) = Probability of drawing two heart cards given that one heart card is

. 2c,
missing = &1
C,

P (A/E,) = Probability of drawing two heart cards given that one spade card is

- °C,
missing = 71
C2

13 C 13

Similarly, we have P (A/E,) = 51—C2and P(AE) = 5i~
2

51C
2

By Baye’s thereon, we have the

required Probability = P (E,;/A)

P(E,) P(A/E,)
P(E,) P(A/E,)+P(E,) P(A/E,)+P(E,) P(A/E,) +P(E,) P(A/E,) 1

1 12C2
4 %ic,
1x12C2 +1 13C2 +1 13C2 +1X13C2 1
4 °'c, 4 °c, 4°%c, 4 °c,

_ 2c, B 66 _u
2c,+1C,+C,+C, 66+78+78+78 50
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MATHEMATICS

Section C

23. We have

-1 0002 2 -40

o
AB:% 3 455—4 2 —45

H 1 288 -1 5H

6 0 0O 1 0 oC
- 0 _ C
= 605 =69 1 0 _g
M o068 [ 0 1f
Similarly BA = 6l, Hence AB =6l = BA

AsAB=6l, A7*(AB)=6A"" .Thisgives

" 02 2 -4C
_10 C
IB=6A"ie, Al=18 “sOt 2 AT
6 B2 -1 5E
The given system of equations can be written as
AX = C, where
xO [BLC

o
BE  HE

The solution of the given system AX = Cisgivenby X =A-'C
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DESIGN OF THE QUESTION PAPER 327

] 2 2 4]|[3
=y = |4 2 4|17
z 2 -1 51||7

1 6+34—28 2
=, | -12+34-28|= 1
6-17+34 4

Hencex=2,y=1andz=4 2
24. Commutative: For any a, b € R - {-1}, we have a * b =a + b + ab and

b *a=b+a+ba. But {by commutative property of addition and multiplication on

R - {-1}, we have:

a+b+ab=b+a+ba.

S axb=bx*a

Hence * is commutative on R — {-1} 2

Identity Element : Let ¢ be the identity element.

Thena +e= exaforallae R-{-1}

= a+e+ae=aande+a+ea=a

— e(1+a)=0 = e=0{since a #-1)

Thus, 0 is the identity element for * defined on R — {-1} 2

Inverse : Let a e R — {—1}and let b be the inverse of a. Then
a*b=e=b*a
= a*b=0=b*a (e=0)

= a+b+ab=0
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Ob= —DR (since az-1)
a+

Moreover, a+1¢ 1ThU5b—_1DR {-1}.

Hence, every element of R — {-1}is invertible and
. - _a
theinverse of an element ais a+l:

25. Let H be the hypotenuse AC and 6 be the angle
between the hypotenuse and the base BC of the

right angled triangleABC.
ThenBC =base=H cos8 and AC = Perpendicular
=Hsno B
0 P = Perimeter of right-angled triangle

: 1
=H+HcosB+HsinB=P 15

drP
For maximum or minimum of perimeter, —=0

doe
) _ i1
0 H(-sinB+cosB)=0,i.e G:Z
Now
Od2p0O
=—-HcosO-HsinB
Hde2H"~

2
d°P m 01 1D\/7H<O

e T BE

Thus Pis maximumat 9=£.

=X

Fig. 1.2

]
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Tt O H . H
For 6= —, Base=H cos — and Perpendicular = 75 1
4 HH V2 V2
Hence, the perimeter of a right-angled triangle is maximum when the
1
triangleisisosceles. >
26.
T
2
0
| | | |
I | | 1
/'5 “4-3-2-1
x-3y+50
. x=-5, x=0
] 5
=0, y=—=16
y=0y 3

Fig. 1.3

Finding the point of interection of given lines as A(1,2), B(4,3)
and C (2,0) 1

Therefore, required Area

[X+5 4 Bx—-6[]

R Jl’aTadx—Jl’M - 2x) dx—!HTde
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_10¢ 0 2 B, 1
_5854-5)(% —(4x X )Ei_ BZX —3X% 2E
1116 A\ (4 —12)_(3-
3ﬁ_+2oa-95+5%—@8 4)-(4-1)3- g12-12)-(3-6)g
1 45 7
-§ ?—1 3—§sq units 1
OR
4( ) 4
| = [(2x* =x]dx = [ f(x)dx
! !
=lim B (1) + f (L4 h)+ £ (14 20) 4ot £ (L+(n-2)h)F- - () 1
where h:4T_1,i.e,nh:3
Now, f(L+n-1h)=2(1+(n-12)h)’ - (1+(n-1)h)
:2(1+(n—1)2h2+2(n—1)h)—1 L+ (-1)h) =2(n-1)*h?+3(n-1)h+1
Therefore, f(1)=2.0°h?+3.0.h+1, f(1+h)=21°h*+3.1h+1
f(1+2h)=222 2 +32h+1, f(1+(n-1)h)=2.2°h*+3.2h+1 1%
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n(n-1)(2n-1) , 3n(n-1)(nh-h)C

h? +

O™

2
h-0 6 2
0 2(3)(3-h){(6-h) 3(3)(3-n)0
—jim 3+ 28E=N)(6-h) 3(3)E-nF 60 ¥
h-0 H 6 2 0 2 2
AQ23.7)
X
_I - —
B Fig. 1.4 x=y-—z=17
The equation of line AB perpendicular to the given planeis
X-2_y-3_z-7 1
= = =\ 1-
3 -1 -1 (say) 2
Therefore coordinates of the foot B of perpendicular drawn from A on the
plane 3x—y—z= 7 will be
AN+2,-A+3,-A+7 1l
( 1 d ) 2

SinceB =(3A +2,-A +3,-A+7) liesson3x-y-z =7, we have

=3(3A+2) —(-A +3)-(-A+7)=70 A=1
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ThusB = (5, 2, 6) and distance AB = (Iength of perpendicular) is 2

\/(2 ~5)%+(3-2)°+(7-6)* =11 units

Hence the co-ordinates of the foot of perpendicular is (5, 2, 6) and the length of
perpendicular = /11 1

OR

Thegiven linesare

F=i+ J A (i + 2] K] e )
and 1=1+ J+ (- + - 2K) —nnnei

Note that line (i) passes through the point (1, 1, 0)

Nl NP

andhas dr.s, 1, 2,-1, and line (ii) passes through the point (1, 1, 0)

and has d.l’.'S’_ 1! 11 _2

Since the required plane contain the lines (i) and (ii), the planeis parallel to the
vectors

b=i+2j-kandc=-i+ j-2k

Therefore required plane is perpendicular to the vector bx ¢ and 1
ik

bxc=|1 2 -1|=-31+3]+3k 1
-1 1 -2
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Hence equation of required planeis

0 g—(h])g(—a‘” +3]+3)=0
O F.(—T+]+R):O
and its cartesian formis—x+y+z=0 2

Distancefrom (1, 1, 1) to the planeis

[L(-1)+1.1+1.1]
J-1)7+22 422 f“””

28. Let x denote the number of kingsin adraw of two cards. Note that x isarandom
variable which can take the values O, 1, 2. Now

48!
: ®BC 2!(48— 2)! 48x47 188
P(x=0)=P(noking) = —2= = ==
( ) 2C, 52! 52x51 ~ 221 1
21(52-2)!

P (x = 1) = P (one king and one non-king)

c:1><48(31 4x48%x2 2
52C, 5ox51 221 1

C,
and P (x=2) = P (two kings) _W_SZTM_ZH 1

Thus, the probability distribution of xis
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X 0 1 2

188 32 1
221 (221 | 221

P(x)

Now mean of X=E(X)=ixi P(x)
1=1
Also E(€) = " p()

= 02
221 221

Therefore standard deviation /var (x)

/6800

221

=0.37

29. Let the mixture contains x kg of food | and y kg of food I1.

Thus we have to minimise

Z =50x + 70y
Subject to
2Xx+y>8
X+2y>10

X,y>0
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x@+12 x£+22 X

36 [34[f_ 6800
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ot
2
Thefeasibleregion determined by the aboveinequalitiesis an unbounded
region. Vertices of feasible region are
1
A (0,8) B (2, 4) C(10,0) >
Now value of Z at A (0, 8) = 50x0+70x8=560
B(2,4)=380 C(10,0)=500
Asthefeasible region is unbounded therefore, we have to draw the graph of
1
X+ 70y<380i.e. 5x+ 7y <38 5

Astheresulting open half plane hasno common point with feasibleregion thusthe
minimum value of z= 380 at B (2, 4). Hence, the optimal mixing strategy for the
dietician would beto mix 2 kg of food | and 4 kg of food 11 to get the minimum cost
of the mixturei.e Rs 380. 1
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