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Mathematics 2015 (Qutside Delhi) SET I

Time allowed : 3 hours

SECTION — A

X+y x+z z+x

1. Write the valueofA=| Z x Yy [11
3 -3 -3

x+y x+z zZ+x
Solution :Given, A = | 2 x y
|3 3 -3
Applying R; = Ry + Ry, we get
X+y+z x+y+z x+y+z

A= z x y

-3 -3 -3
111
A=-3(x+y+z)|2 X V¥
111

[Taking out (x + y + 2) and (- 3) common from
Ry and Rj respectively]

A=-3x+y+2z).0
[-- R; and Rj are identical]
= A=0 Ans.

2. Write the sum of the order and degree of the
following differential equation :

FHIE :

Solution : Given,

3
dx |\ dx
On differentiating w.r.t. x both sides, we get
dy 2 dy
32| x=2 =0
(dx) w2

Since the order and degree of the differential
equation is 2 and 1 respectively.

So, the sum of the order and degree is 3. Ans.

3. Write the integrating factor of the following
differential equation :

d;
(1+yz)+ (ny—coty)gy =0. [1]
Solution : Given,

(1+3) + (2xy ~ cot y) Zx—y =0

1 www.cbsepdf.com

Maximum marks : 100
=  (1+y)dx+2xydy = cotydy
dx [ 2y ] coty

dy (1+4° 1+y2
This is a linear differential equation of the form
i +Rx =5,
dy )
where R= —2
1+y?
t
and §=
1+y
2y ”
o _ S
Integrating factor = ¢ =e
= elog(1+ yl)
=1+ Ans.

lffz,iande are mutually perpendicular unit
vectors, then find the value of|2& +b+ cl.
[1]
. AN A }
Solution: Letx = |2a+b+¢]|
2 = |22 +b +c|?
=4[22+ b |2+ | 5]2+
A A
2Q2a.b+b.6+26.4)
Since, 2, 3 and Gare mutually perpendicular

unit vectors.
A A A A

s 33 = bec=c.a=0
So, 2 = 4x1+1+1+2
2x0+0+2x])
= 2 =6
x = 6
A N
Hence,[2a+b+¢| = 6. Ans.

Write a unit vector perpendicular to both the

- A A LY a

vectors 2 =i+j+k and 5 =7+7- [1]

Solution : A vector perﬁendicular to both 7

and?is?z)x?

wl

ol

X

- -
~ Unitvector Lto 4 and b =

ol

|
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6.

7.

=l

X

Sl

1]
> TR = o=y
=l e D>
[ I

=T 0-D)-FO-D+k@a-1)
A A
=—i+j

[@x7]= Jer2e? =2

A oA
—i+]

-+ Required unit vector = 2 Ans.

The equations of a line are 5x -3 =15y + 7 =
3 — 10z. Write the direction cosines of the line.
(1
Solution: Givenlineis5x-3=15y+7=3-10z
Rewritting the eq. in standard form :

-3

]
puy
(3]

—
=
+
i
01‘\1
—
1}

[
[l
=

—
N
|
oiW
—

o3 gyl o3

i 5 _YT15_"T10
1 11
5 5 10

Thus, the direction ratios of the line are

l,l,ll- je.,6,2,—3.

5715710 ‘

Hence, its direction cosines are
6

+ -~ 2 .
V62422437 6% +224(-3)
-3

6% +22 +(-3)?

, 6 2 -3 -6 -2 3
ie., -, — or —,—,—.
77 7 7 77

. 6 2
e, t—,t—,
757F

N w

Ans.

SECTION —B

To promote the making of toilets for women,
an organisation tried to generate awareness
through

(i) house calls (ii) letters, and (iii)
announcements. The cost for each mode per
attempt is given below :

() T50 (i) ¥ 20 (iii) ¥ 40

The number of attempts made in three villages
X, Y and Z are given below :

www.cbsepdf.com
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(i) (ii)
X 400 300 100
Y 300 250 75
Z 500 400 150

Find the total cost incurred by the organisation
for the three villages separately, using matrices.

. Write one value generated by the organisation
in the society. (4]

Solution : The number of attempts made in three
villages X, Y and Z can be represented by the
3 x 3 matrix. '

400 300 100
X=1300 250 75
500 400 150

and the cost for each mode per attempt can be
represented by the 3 x 1 matrix.
50
Y=|20
. 40

~. By matrix multiplication the cost incurred by
the organisation for the three villages.

400 300 100][50

XY = 300 250 75 {20

500 400 150 j{ 40
30,000
= XY = | 23,000
39,000

Hence the total cost incurred by the organisation
for the three villages separately are ¥ 30,000,
¥ 23,000 and ¥ 39,000.

The organisation in the society generated the
value of cleanliness for the women welfare. Ans.

. Solve forx:

tant(x+ 1D +tant (x-1) = tan! 3 (4]
31

Solution : Given, tan™! (x + 1) + tan™! (x— 1)

- tanl 2
31
- g x+lex-1 tan‘l—B—
1-(x+1)(x-1) 31
wtan !A+tan ! B=tan"! A+B
1- AB
= tan! -2 = tan 1L
2—x2 31
. 2x _ 8
2-x2 31
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= 62x = 16 — 822 Taking 2 common from Ry,
= 4x? +31x-8=0 a+b b+c a+c
Solving the quadratic equation, we get A= 2abcla+b b a
(4x—1) (x +8) =0 b btc ¢
- x% or—8. Applying R; - R1 —-Rzand R3 —» R3 - Ry
Since, x = -8 doesn’t satisfy the given equation. 0 ¢ ¢
So neglecting it. A= 2gbcla+b b a
x = % Ans. ~2 0 -a
OR Now, taking ¢ and 2 common from R; and R
Prove the following : 0 1 1
cot1 (xy+1)+cot"'1 (yz"'l}'_cot-l (m+1) A=222b3a+b b g
x-y y—z zZ—x -1 0 -1
=00 <xy, yx, zx<1). Expanding along R;,

Soluation: L. H.S.

=cot™! [

xy+1
x-y

= +
)+cot 1(2.1‘ 1
z—-x

)

tan | 2L |4 tan1| L2 +tan*1(zux)
ay+1 yz+1 zx+1
| [ tan~! x = cot™? %] 10.

=tan"lx — tan‘ly + tan‘ly - tan"'z + tanlz

—tan'x=0=R.H.S.
Using properties of determinants, prove the

following:
az

@ +ab b2
ab bV +be

Solution :

bc

a
Let A = |22 +ab
ab

Hence Proved.

ac+c?

= 4

ac

02

(4}

2 2

bc
b2
b2 +bc

ac+c

ac

c2

Taking 4, b and ¢ common from C;, Cp and Cs

respectively.

A = abc

Applying R; > R,

A= agbc

a
atb
b

c
b
b+c

a+tc
a
c

+R2+R3

2(a+b) 2(b+c) 2a+c)
a+b b
b b+c

a
c

www.cbsepdf.com

A=2%c? [0(-b-0) -1 {~@+b) +a} +1 (0 +B) |
=202 be? [0-(—2-b+a)+b]

=2a%bc? [0 + b +b]
= 242 bc? [2b]
= 4P =R H.S. Hence Proved.
Find the adjoint of the matrix :
-1 -2 -2
A=|2 1 -2
2 -2 1

and hence show that A. (adj A) = |A| L.
Solution : We have,

(4]

1 =2 =2
A=|2 1 =2
2 2 1
1 -2 .
A= -2 1 =1-4=-3
A 2 -2 24+ 4)=—6
A 2 1 4
=], _,|=-4-2=-6
-2 -2
Ar = =—(=2- =
21 ‘_2 1 ‘ ( H=6
A -2 4=3
252 q TS
A. -1 -2 244
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l -2 =2

1 _2‘ —+4+2=+6

_2‘ =-(2+4)=-6

-2
2 1
Ay Az

Ay Ay
Ay Az

=—1+4=+3

-3 6 6
-6 3 -6
-6 -6 3

adj A =

-1 -2 -2
12 1 -2
2 -2 1
~1(1-4)+2(2+4) -2 (-4-2)
—1(=3)+2(6)~2(-6)
=3+12+12=27
Now L. H.S. = A (adj A)
-1 -2 -2
=2 1 -2
(2 -2 1

|A]

-3 6 6
-6 3 -6
-6 -6 3

27 0 0
={o 27 o
Lo 0o 27

1 00
=2710 1 0
0 01
= |A|.Iz= R, H.S. Hence Proved.

11. Show that the functionf(®) = |x-1] + [x+1],
for all x € R, is not differentiable at the points
x=-landx=1, [4]

Solution : Given,
fx) = |x-1] + [x+1]

—(x-D-(x+1)=-2x, x<-1
={x-D+x+)=2, -1sx<1
(x-D+{x+1)=2x, x21

Now differentiability at x = -1

L Sl = fD)
h—0 -h

LHD =

Download All Previo_s Ypar and?éan{bte b)aE@ from www.cbsepdf.com

h—0

Il

h—0

i 2t
h—0—-h

h—0

=-2

RHD =

= lim

=.0

Since (LHD) = (RHD)

lim &

—h

limz +2h-2

—h

lim -2

(-1+h)— f(-1)

. f(x) is not differentiable at x = -1.
Now differentiability at x = 1

(LHD atx =

(RHD atx=1)

Since

1)

Lo fa-h)- £
h—0 -h

lim 2-2

= ns0 —h

_ lim 0O
~ k>0

0

i FAER = )
h—0 h

_ lim 2(1+h)—2
h—=0 h

im 2+2h-2
h—0 h

= limz—h-= lim 2
>0 h h—0
=2

It

I

Ii

il

LHD 3 RHD

.. fix) is not differentiable at x = 1, also.

Hence Proved.

. 1
12. If y=€""" ¥, then show that

(1—xz)ilz—y—xd—y'—mzy =0.

2 (4]
Solution :.Given,
y= gmsin T x ()
Differentiating both sides w.r.t. x, we get
d_y _ ems‘m"lx v ‘m
dx 1-x°

Www.ébsepdf.com
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\/1_7 d_y , msin 2 ~.Equation. (i) becomes 3 - 2x = (1 - 2x) + 2

= = me
o _ = [{Q-2x)+2) V2 +x—x% dx
Again deferenﬁating, w.r.t, x, we get
\/— y —x mzemsin“lx =1 =I(1~2x)\;‘2+x—x2 dx+2] 2+ x—x2 dx
\/1 x \/l_x?_ =21 =1 +21 ...(ii)

=T = [1-20)V2+x—x? dx

Multiplying both sidesby vy1—x? , we get
Let 2+x-x’=t

d2 d o =1
L2 _y_ _y - 2 msin " x -
(1 x )dx2 R m-e =  (1-2x)dx = dt
2 A I = 'J;dt
= (l—xz)d—y—xd—y—-mzy= 0 [using ()] o
de dx g t1/2+l
Hence Proved. = = 3—+G
13, Ifflx)= yx%+1;¢ -3, E+1
4 24
then find f’ [’ {g‘(x)}] ' (4] = L = zfaﬂ +C
Solution ;: Given, 2 113/2
2 .2 D s
) = 2 +1, gx) = x;;ll = h= 3(2+x R
x -
and  R(x)=2x-3 . and L= [V2+x—22 dx
Now, f(x)= L * 1
, sz_ZE m = I, = j\/2+z~(x2~x+ )dx
0= (xz +l)—(x+1)2x_1“2x_x2 3y 1¥
= 2 = = L = = | —|x—%| dx
(+1) (x2+1)" = 3] 2
and Hix)=2. 1 1 3 1%
= Ih = =|x—— - —|X—=
| 2 2( 2) (2)2 (x 2)
e =T
(x +1) ? x——l—
4 . -1 2
+-Zsin +C
=112 [ W) =2] L
= 2 __2 Ans i
V2241 V5 ' ST PO 2
= 12_—_ E ‘—E 2+x-x
14. Evaluate : [(3-2x)42+x- 2% dx. [4]
Solution : +25in“1 (2x~1)+c (iv)
Let, I= [(3-2x).vV2+x—x° dx. 8 3 ’

From (ii), (iii) and (iv), we get

3
= %(2+x—x2) 2 +(x—%)wf2+x—x2

Let 3-2x= lfx—(2+x—x2)+}l

= 3-2xr=A(1-2%)+pn (i)
= 3-2x= (-2M)x+A+ 1 +25in_1 ('Zx—1)+C’
Equating the coefficients of like terms, we get 4 '

-2\ = =2 where C=C1+C Ans,
= A=1
and A+ w=3 x? +c;:l-:1
= m=3-1=2 Evaluate:jmz—)
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x2+x+1

- (x% +1) (x+2)
_ | x2+1 X
L= (F+1) (x+2) (@ +1)(x+2)

Solution : Let I

= 1= [——dxtf—
x+2 (x“ +1)(x+2)
I = log|x+2]+——— a)
= = —_—
(x2+1)(x+2)
X A Bx+C
(2 +1)(x+2)  x*+2 x*+1
x=A0*+1)+(Bx+C) (x+2)
_ (i)
Putting x+2 =0
= x =-2in (i), we get -2 =5A
-2
= =5
Putting  x =0and x = lin (ii), we get
0=A+2C
=L
= “5
1=2A+3B+3C
6
3B = -
= 5
o2
= “5
I=log |x+2] .
g | 2 1
_Zjix_ﬂs_z_sdx
5 x+2 x* +1
= I=log [x+2|
2.0dx 2, xdx 1. 1
— +- += dx
5II+2 5Jx2+1 5 x%+1
2 1
= I =log|x+2] —glog|x+2|+glog
[x%+1] +%tan"1x+C
I =§log|x+2|+llog | 2% +1]
5 5
+%’ca11_1 x+C. Ans.
. /4 dx . (4]
15. Find ( % cos xVJ2sin2x )
/4 dx

Solution : Let I= IO COS3 xm .
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Multiplying and dividing denominator by cos x
/4 dx _ (/4 sect xdx
°© 4 (2sin2z \Fsian
cos X ~—— 2
cos X cos” x
1+ tan? x)sec? x
I= .[S:/4( . )
5 Jsmxcosx
cos? x
[+ sin2x =2 sin X cos x]
1+tan?x)sec® x
> I= 6‘/ 4( ) dx
2ytanx
Putting tanx = ¢
= sec’x dx = dt, we get
‘wwhen x=0, t=0

and x=£, t=1
4

! (L+)dt

=y 2

3
1 1 1 P
= — —+t2 dt
= 2f°[~/¥ ]
5 1
1 2.5
I= Z|2vt+=£2
= 2[ e }
0
- 5 1
ey I = L\,/E'i“;—tz]

0

I 5 2
= 1= ﬁ+%12}—{~/6+%02]

I= é. Ans.
5
logx
. Fi dx. |, {41
16. Find [.[ (x+1)z ]
logx
O = dx
Solution : Let I=| @+ 12
1
= [log x. dx
J & a1y
H -
Integrating by parts .
dx d dx
= ———J] —logx dx
= togx [ 1| 7108 I(x+1)2]
logx 1
= — + ———dx
=1 (x+1) " x(x+1) il—_l]
“dx 22 x
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_ log x +J(x+1)—x

(x+1) x(x+1)
[Add and subtract x]
N I=_10gx+j(l— 1 )dx
(x+1) x x+l
log x .
= I=- +1 -1 +1|+C
oop tlosl ¥l -loglx 1]+
x log x
= log|—|—
I Ogx+l (x+1)+ ) Ans,

- A AN AA - A A A
17. ¥a=i+2j+kb=27+jandc =3i -47 -5k

18.

then find a unit vector perpendicular to both of

= - =
the vectors (@ — b) and (¢ — b). 4]

Solution ; Here,

(3-b)=i+2j+k-27-}

=T+ +k
3i-4j-5k-27-7
G _5j-5k

—
©
|

<o
N
1l

-

v N N
So, required unit vector r = (4= b)x(c-b)

‘ (@-B)x(2-B) ‘

where
' N
- AA - - .
F=@-b)x(c—B)=|-1 1 1
- 1 -5 -5
=i(-5+5)-7(5-1)+k (5-1)
= —4]+4k
~ o ak-47 |k=7
L. I s Ans.

Hence, r = =
V2442 | V2

Find the equation of a line passing through the
point (1, 2, — 4) and perpendicular to two lines

7 =(8i-197+10k)+ M37 167 +7%)
and ¥ = (157+297 +5k)+ 1 (3 7 + 87 -5 k)al

Solution : Let the direction ratios of required
line be 1, b, ¢, since, the line is perpendicular to

7 = (81-197 +10K)+ M37 —167 +7R)
—)
s

and 7 = (151 +29]+5K)+p (37 +87 ~58)
3a-16b+7c =0
and 3a+8b-5c=0.

www.cbsepdf.com
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19.

Solving by cross multiplication, we get

a b _ ¢
8056 21+15 24+ 48
a b ¢
= 2%~ 3% 7

. the direction ratios of line ; 2, 3, 6.

Hence, required line through the point (1,2, - 4)
is

il

Y -
a+ib '
(i+27 -4K)+A(27 +3 + 6k) Ans.
OR
Find the equation of the plane passing through
the points (-1, 2,0), (2, 2, 1) and parallel to the
-1 2y+1 z+1
1 2 -1

Solution : The equation of a plane passing through
-1,2,0)is

ax+1)+b(y-2)+c(z-0)=0 (i)
It passes through (2, 2, -1)

a2+ 1) +b2-2)+c(-1-0) =0
3a+0b-c=0 ..(ii)

—

s

-
F

]

line

The given line is
x-1 _ 2Zy+1 z+1
12 -1
11""’1“
ie 5;1‘ = —2=E+—1
1 1 -1

sdr.soflinearel, 1, -1

The plane (i) is parallel to the given line

a+b-c=0 .(i)

Solving (ii) and (iii) by cross multiplication, we
get

a

a £

1 3
i.e., direction ratios of normal to the plane are 1,
2,3.

b_
2

lx+1)+2-2) +3(z-0) =0

x+2y+3z=3. Ans.
Three cards are drawn successively with
replacement from a well shuffled pack of 52
cards, Find the probability distribution of the
number of spades. Hence find the mean of the
distribution. [4]
Solution : Let X denote the number of spades
when three cards are drawn, then, X is arandom
variable that can take values 0, 1, 2, 3.

ie.,
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Let E be the event when spade card is drawn,

. 13 1
= P(E)=—=—
P EB)=2r=7
1 3
q P i

P(X =0) = Probability of getting no spade
0 3
(-
4)\4) o4
P(X =1) = Probability of getting one spade
1,,43-1
<2
= 4/ \4 64
P(X = 2) = Probability of getting two spades
2 3-2
L
T 4/ \4 64
P(X=3) = Probability of getting three spades
3 3-3
("
4/ \4 64

Thus, the probability distribution of random
variable X is given by

X[ o 1 2 3
27 [ 27 | 9 1
P = = = all
X) 64 | 64 | 64 | 64
. Mean (i) = EXP(X)
27 . 27 1
=0X—+1X—+2X—+3xX—
6a ea e
éﬁ_é Ans
.—64"-4 L]
OR

For 6 trials of an experiment, let X be a binomial
variate which satisfies the relation 9P(X = 4) =
P(X = 2). Find the probability of success.

Solution : Let p denote the probability of getting
success and 4 be the probability of failure.

Since, Plx=r)="C,p"q"7
P(x=4) = 5Cyp* 46
and P(x=2) = Cp? ¢ 2
Wehave 9P(X=4)=PX=2)
- 96C,pt -4 = SCypP gt [ 6C4=5Cyl
= IpP=q
= 9p2 = (1-pP [wp+q=1]
= 9p = 12+p*-2p
= 92 -p*+2p-1=0

www.cbsepdf.com
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20.

= 82 +2p-1=0
= 8t +4p-2p-1=0
= @-1)(@2p+1) =0
11
. -_— 4 ’ 2
Since probability can not be - ve
1
P=3
1
Hence, the probability of success= 1 Ans.

SECTION —C

Consider f: R, - [- 9, o) given by f (x) = 527
+ 6x — 9, Prove that f is invertible with

54+5y -3
iy = (—-sy——J [6]

Solution : To prove f is invertible we have to
prove thatf is one-one and onto.

For one-one
Let x1, x2 € R, , then
flx)) = f(x2)

= 5x12 + 621~ 9 = 5%0% + 6x3— 9

= 52~ +6(x1-x2) =0

= (x1-x)(Bx1+5x+6)=0

= x1—-x3 =0 asb5xy+5x2+
6#0

= X1 =X

i.e., f is one-one function.

For onto

Let f=y

. y = 524 6x-9

L5+ 6x-(9+y) =0

—6+,/36+4x5(9+ )
10

x =
_ —6%,216+20y
- 10
+,/54+5y~3
= 5
54+5y -3

(v xeRy)
Clearly ¥ y € [-9, =], the value of x € Ry

= f is onto function.

Hence f is one-one onto function.

= f is invertible function with

f—l @f) = __—\4544'553’_3

Hence Proved.
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21

OR

A binary operation * is defined on the set
x=R-{-l}byx*y=x+y+xy,Vx,ycX
Check whether * is commutative and

associative. Find its identity element and also
find the inverse of each element of X.**

Find the value of p for which the curves
2 =9p(9—y) and 22 = p(y + 1) cut each other at
right angles. [6]
Solution : Given,

2 =9p 9~y (i)
and Z=py+1) (i)
From (i) and (ii), we get

I O-y)=ply+1)

= Blp-9py=py+p
= 10py = 80p
= y=8
X =9p
Now, differentiating (i) and (ii) w.r.t. x, we get
dy
2x=—9p dx
dy 2x
= = = ——
dx 9p
dy
dy - 2x
o _= T
dx p

Since curves cut each other at right angles

(-2—::-)(—-2—:{) =-1 [ m1mz=—1]
p L %

— 452
= =-1
op*
4
= —p) =1 (= ¥*=9p)
o
p=14 Ans.
Using integration, prove that the curves 3 =

4x and x* = 4y divide the area of the square
bounded by x =0, x =4,y = 0 and y = 4 into

three equal parts. . [6]
Solution : Given,

Y = 4x ' (i)
and x2 = 4y : (i)

**Answer is not given due to the change in present syllabus
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Solving (i) and (ii), we get the point of intersection
(0, 0y and (4, 4).

Ya

P»=4y

B

The area of the region OECDO bounded by the
given curve A, = Area under (y* = 4x) — Area
under (x2 = 4y)

4 | x2
(j)(zf ——4~)dx

34
_ |4 X 2(2_19)
B ENREY R

16 - |
3 5 units ..(ifi)

1

fl

and thearea of the region OACEO A; = Areaunder

¥ =4y
af 2 3 4.
(5]

16 . .
= 3 8. units w(iV)

N

Similarly, the area of the region ODCBO
A3 = Areaofsquare— (A1 +Ap)

16—(1—6~+1—6)
3 3

I

32
=16-—
3

16 )
=359 units (V)

From (iii), (iv) and (v), it can be concluded that
the given curves divide the area of the square
bounded by x = 0, x = 4, y = 0 into three equal

parts. Hence Proved.

. e dy_ )
. owﬁatﬂledﬁermhalequahondx—xy_xz

is homogeneous and also solve it. [6]

Solution : We have
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o _ ¥ 0

il 2

y2
Tet L Y) =
flx, y) xy— 2

x2y2 ]I2

foux, Ay) = Ny -3 -2
= 20f (x, y).

Hence, the differential equation is homogeneous.
Putting y = vx so that %= U+x%} in (i), we get
- .5

dx o -x?
o L
dx -1

= ik do = &

? X
Integrating both sides, we get

- d
= j-u dv = | ot

7 X

‘ . J’(]__.%)d'a = Id?x
v-log 7] = log |x| +C
= L _10g |y| +log [x]=1og |x| +C

y

Hence, x=—"——
log|y[+C

is the required solution

of the differential equation. Hence Proved.

OR

Find the particular solution of the differential
equation (tan"ly —x} dy = (1 + y°) dx, given that
x=1,wheny=0.

Solution : Given,
(tanly —~x)dy = (1 + y)dx

-1 _
> B Vg, -k (i)
1+y
1
Putting tan”! y =tand T 5 =~ in (i), we get
(t—x)dt = dx 1+y*  dy
dx
= — =f-x
dt
= d—x+x =i
dt .(i1)
Here, LF. = BI 1'dt=et

Hence, the solution of the differential equation
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24,

(ii) is given by
x(LR) = J(LE) ¢ dt

xet = [e't dt + C, where C is arbitrary
constant

= xé =téf- [eldt+C
= xd=tf-d+C

-1 1
By ™ Y (tanly-1)+C (i)

[~ t=tar|"1y]
Itis given thatx =1 wheny =0
So, @=(0-1)+C
= C=2
Putting C =2 in (}ii) we get

= Xe

_. -1
e Yy = &Y (tan y-1)+2
x=tanly+2eY -1
is the particular solution the given differential
equation. Ans.
Find the distance of the point P(3, 4, 4) from
the point, where the line joining the points
A(3,-4,-5) and B(2, -3, 1) intersects the plane
x+y+z=T7. [6]
Solution : Equation of the line joining the points
A(3,-4,-5)and B(2,-3,1) is :

- x=3 _ y+4 =z+5
2.3 =3+4 145
x-3 _ y+4 _z+5
= 7 1 6

Coordinates of any point on the line are

Q@B —kk-4,6k-5)
The given line intersects the plane 2x +y +2z =7.

So, 2B3-k)+k-4+6k-5=7
= 6-2k+k-4+6k-5=7
= 5k =10
= k=2

.. Coordinates of a point where line Intersect
planeare (3-k k-4, 6k-5)=(3-2,2-4, 12-5)
= (11 - 21 7)

Now, the distance between the point P(3, 4, 4) and
A(1,-2,7)is given by

PQ = @12 +(4+2) +(4-7)>

= PQ = (2% +(6) +(-3)
= PQ = J4+36+9 =49
PQ = 7 units. Ans.

A company manufactures three kinds of
calculators : A, B and C in its two factories
I and II. The company has got an order for
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manufacturing at least 6400 calculators of
kind A, 4000 of kind B and 4800 of kind
C. The daily output of factory I is of 50
calculators of kind A, 50 calculators of kind
B, and 30 calculators of kind C. The daily
output of factory IT is of 40 calculators of kind
A, 20 of kind B and 40 of kind C. The cost
perday torun factorylis T12,000 and of factory IT
is¥15,000. How many days do the two factories
have to be in operation to produce the order
with the minimum cost? Formulate this
problem as an LPP and solve it graphically.

[6]
Solution : Let the factories I and 1I work for x
and y number of days respectively.

Thus, the given linear programming problem is
Minimize Z =¥ (12000x + 15000y)

Subject to the constraints
50x + 40y = 6400
50x + 20y = 4000
30x + 40y > 4800
x=0
and y=0
Le. 5x + 4y = 640
5x + 2y = 400
3x + 4y = 480
x=0,y=0.
To solve this L. P. P,
Let us consider the equations

Li:5x+4y = 640 «.(i)
Ly:5x +2y = 400 (i)
L3:3x + 4y = 480 -(iii)

The point of intersection of Ly and L, is D(32,
120) and that of L and Ls is C (80,60)
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26.

The shaded region is the solution region of the
given L. P. P.

Corner | Values of the objective function
Points Z=12000x + 15000y
A (0,200) | 12000 x 0+ 15000 x 200 = 30,00,000
B (160,0) | 12000 x 160+ 15000 x 0 = 19, 20, 000
C (80, 60) | 12000 x 80 + 15000 x 60 = 18,60,000
D (32,120) | 12000 x 32 + 15000 x 120 = 21,84,000

Out 6f these values of Z, the minimum value of
Z.is 18,60,000 at x = 80 and y = 60.
Since the feasible region is unbounded so we
draw the graph of inequality
12000 x + 15000 y < 1860000
ie., 4x + 5y < 620
x | 0 1155
y (124 O

L:4x +5y = 620

We observe that open half one represented by
L have no point common with feasible region.

Z 12000 = 80 + 15000 x 60
¥ 18,60,000.

Hence, the factories I and I work for 80 and 60
number of days respectively. Ans,

In a factory which manufactures bolts,

1l

_machines A, B and C manufacture respectively

30%, 50% and 20% of the bolts. Of their outputs
3, 4 and 1 percent respectively are defective
bolts. A bolt is drawn at random from the
product and is found to be defective. Find the
probability that this is not manufactured by

machine B. [6]

Solution : Let E;, E;, Ea and A be the events
defined as below

Ej = the bolt is manufactured by machine A.
E; = the bolt is manufactured by machine B.
Ej = the bolt is manufactured by machine C.
A = the bolt is defective.

then, P(E;) = Probability that the bolt drawn is

manufactured by machine A = %
P(Ez) = Probability that the bolt drawn is
manufactured by machine B = %
P(Es) = Probability that the bolt drawn is
manufactured by machine C = 120%

P(A/E;) = Probability that the bolt drawn is
defective given that it is manufactured by
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machine A.

P(A/Ep) = %6
Similarly, we have, P(A/Ep) = %
and P(A/Ez) = I;—O

Now, using Bayes’ theorem

P(Ez/A) = Probability that the bolt is
manufactured by machine B given that the bolt
drawn is defective.

_ P(Ep) P(A/E,)
P(E;)P(A/E;)+P(E;)P(A/E,)+ P(E3)P(A/E3)

Mathematics 2015 (Delhi)

Download All Previos Year and Sample Paper from www.cbsepdf.com
50 4
_x.—.
_ 100”100
30 3 50 4 20 1
S X X —— X
1060 100 100 100 100 100

200 200 20
“90+200+20 310 31

Hence, the probability that this is not
manufactured by Machine B =1 -P(E/A)
20 11

= —ﬁ_ﬁ Ans.

All questions are same in Cutside Delhi Set Il and
Set I

SET 1

Time allowed : 3 hours

SECTION — A

> A A A A A A A
1. Ifa=7i+j-4kandb=2i+6j+3k, then

- -
find the projectionof & on b. [1]
Solution : Given,
A A A
4 = Ti+j-4k
A A A
b = 2i+6j+3k
- =
- = - _a.b
. The projectionof 2 on b = .
| 5]

_ (7 x2)+(1x6)+(—4x3) =§

@2 +@6P+@° 7
Ans.

AA A

-2 A A A
2, Find) ifthevectors 2 =i+3j+k, b =2i~j-k

4 n )
and € =Aj+3Kk are coplanar. (1]
Solution : Since, the given vectors are coplanar.

[ab¢c1=0
1 3 1
Here, [?z) It ?] =|2 -1 -1|=0
0 A 3
Expanding along Rs, we get
0 B+1)-2(-1-2)+3(-1-6) =0
= 3xa =21

12

www.cbsepdf.com

Maximum marks : 100

A=7 Ans.

3. Ifalinemakesangles90°,60° and O with.x, yand

z-axis respectively, where 0 is acute, then find
0. _ _ 1]
Solution : Given,

a = 90°
B = 60°
A=0

Let I, m, n be the direction cosines of the given
vector..

Then, ! =cosa,
m = cos B

and n = Cos A

Now, P+mt+n®=1

cos? . + cos? B+ cos? A =1
—  cos? (90°) + cos? (60°) + cos?0 =1

1%
= 02+(_) +costB =1
2 1 3

=1l-==—
= cos? 0 1°1

3 .
= cos @ = - (* 01is acute)

8 = 30° Ans,

4. Write the elementax; of a 3 x 3 matrix A = (ay)

whose elements a;; are given be 4;; = 2
[1]
Solution : Given,
i~
2

aij =
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5. Find the differential equation representing the
family of curves v = é+B,whereAandB are
arbitrary constants. 7’ [1]
Solution : We have,

U= A +B (i)

r
Singe, the given equation contains two arbitrary
constants, we shall differentiate it two times.
Now, differentiating (i) w.r.t. 7, we get

?:— = —%+0
= 72 % =-A ..(if)
Again, differentiating (ii) w.r.t. , we get
r? x%+2rx% =0
= r%+2$—f =0

This is the required differential equation
representing the family of the given curve. Ans,

. Find the integrating factor of the differential

-2
equation d__y_ Ezl. (1]
Ve o Jx |dy
Solution : We have,
e—Z\/; _ L E 1
Vx o Vx )dy
. dy _ N v
A Nr x
. dy LY N
dx Jx - x
which is a linear differential equation of the form
dy
P
dx+ vz Qi
where P= _\/?
e‘z‘/;
d =
an Q "
LE = P

fidx
=e o ezJE Ans.
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SECTION —B

2 01

" 7. IfA=|2 1 3|, find A%-5A +4Iand hence

1 -10
find a matrix X such that A2—5A + 41 + X=0.[4]
Solution : We have, 3

~

1
A= 1 3
1 -1 0
[2 0 1][2 0 1
= AZ=AA=[2 1 3|2 1 3
1 -1 0]|1 -1 0
[5 -1 2
=9 -2 5
0 -1 -2
[(-5)2 (-5).0 (-5).1
= ~5A=|[(-5)2 (-5).1 (-5).3
[(-B).1 (-5)(-1) (-5).0

-0 0 -5
=|-10 -5 -15
-5 5 0

S O
B O O

2
—25
0
0=
4

4
+/0
0

O R O

-10 0 -5
[qo -5 ~15
-1 -3
-3 -10
b
Now, A>-5A +41+X=0
= X = —(A%-5A +4I)
-1 -1 =371 1 3
= X=(-1|-1 -3 —-10|=|1 3 10
-5 4 2 5 -4 -2

Ans,
OR
1 -2 3
If A=| 0 -1 4|, find (AL
-2 2 1
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Solution : Given,

-2 3

A= -1 4

-2 2 1

(1 0 -2

Now, A'= |2 -1 2

13 4 1

1 0 -2

|[A] = -2 -1 2

3 4 1
=1(-1-8)-0(-2-6)—-2(-8+3)

=-9+10=1#0

So, A’ is invertible.
A'11=-9,Ar=8A"13=-5
Ay = -8B Apn=7 A'n=-4
Az = =2, A'p=2,Apa=~1

[A'; Ay Ay
adj A’ = |A2 A'n Alp
A3 A'p A'p
9 -8 -2
= |8 7 2
5 4 -1
1
A'”‘l: ——,.ade'-
—adj A’ [ A =1]
9 -8 -2
= @ayt=|8 7 2 Ans.
5 -4 -1
a -1 0

8. Iffx) = | ax a -1|, using properties of
ax® ax a
determinants find the value of f(2x) - flx). [4]

a -1 0
Solution : Given, fix)= [ & a -1
ax* ax a
Taking # common from C;
1 -1 0
= f)=alx a -1
x> ax a
Applying C, — C; + Cy, we get
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1 0 0
fix)y=al x x+a -1
x x+ax a
On expanding along Ry,
fx) = a(@® + ax +ax + 1)
= fx) = a(@® + 2ax + 1)
a -1 0
Also, f2x) = 2ax a -1
dax? 2ax a
1 -1 0f
= f2x)=a|2x a -1
4x> 2ax a
Applying C; — Ca + Cy, we get
1 0 0

f(2x)=a| 2x 2x+a -1

4x* 4x*+2ax 4

On Expanding along R;
= A2%) = ala(@x + a) +4x> + 2ax)
= A2x) =aldo?® + @* + dax}
%) f(x) = (A + 2+ a2~ 25— 1)
= =g(32% + 2ax)
= =ax (3% + 24). Ans.
9. Find: [— %, l
sinx +sin2x 1
. T S
Solution:Let I JSinx+sinzx x
= I= [t
sinx+2sinxcosx
1
- = e 2cosn ™
I= | sin x
- - Sinzx(1+2cosx)
sinx dx

(1—cos? x) (1+2cos x)

Putting  cosx = t,—sinxdx=di

= sinxdx = —dt

I= |

1l

—dt
(1-£2)(1+2f)

-1

= | dt
A—H(+H)1+28)
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Let -1 _A B _C
A+H(1-1)(1+2t) 1+ (-8 (1+28)
(i)

-1=A Q-8 @ +28) +B(L+1£) (1+28) + C (1 +0)
(-1

Putting 1-t=10
or t = 1in (i), we get
-1= 6B
= B = -1
Putting 1+t=0
or t = -1in (i), we get
-1=-2A
As L
= =2
Putting 1+2¢=0
or t=—% in (i), we get
3
—I—ZC
4
= C=—3
-1 _ 1 1 4

A+(1-0)1+28) 20+8) 6(1-f) 3(1+28)

—dt
1+H(1-H0-+2

=1 =f

dt—=
611 t

at-2]

= 1=3/07 312t

271+t

=1 =%10gil+tl+%log]1—t|

—54—210g|1+2t|+C

=1 =%10g|1+cosx]+%log [1—cosx|

2
-3 log [1+2cosx] +C
Ans.

OR
2 -3x+1

N

[1]

Integrate the following w.r.t. x:

Solution : Given,
2 -3r+1-1+1 _ _[_xz "‘31—1"‘1—1]

-2 V1%

. _[l—x +3x—2]
Vi-x?
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_ 1-x2 _3x-2
Vi-x?  J1-x?
N 3x-2

\/1—3:2

I(— l—x2 — 3x-2 iy

N

—[V1-x%dx - 2
I IJ_

\/1 —x?
—-—dx
V1-x2

(Putting 1 - x2 =t = - 2x dx = df)

2 -3x+1

= V1-x2

dx

il

=—[V1-x%dx - 3f ———

dx+2f ———

‘/_
= —V1-x?dx +§Iﬁdt+2’r

—:2:5 1-x —%sm x+3y1—-x% +2sin tx+C

bl 1—x2+%sin"1x+3\fl-x2+c Ans.

10. Evaluate: [" (cosax—sinbx)®dx. [4]

Solution :

LetI = [" (cosax—sinbx)?dx

I = ]” (cos® ax+sin® bx
—2 cosax sin bx)dx

I=[% (cos®axdx+ J’_’Atnsin2 bxdx -2
[T cosaxsinbxdx

= 1= Zlgcoszaxdx+ 2_[(’)tsirl2 bxdx—0
[Since cos? ax and sin? bx are even functons

and cos ax sin bx is an odd function]
> T=23 [1+co:2ax]dx+2jg[l—c352bedx

= I= fg(1+c052ax)dx+jg(1~c052bx)dx
= I= [{(1+cos2ax +1-cos2bx)dx

= I= [§(2+cos2ax - cos2bx)dx
sin?.ax]" ,_[sinsz]"
0 0

= I=2[x]f +[

24 2b
sin2ar  sin2bxn
= I=2n+ -
2a 2b
= I =2nifg,beZ Ans.
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11. A bag‘A’ contains 4 black and 6 red balls and
bag ‘B’ contains 7 black and 3 red balls. A die
is thrown. If 1 or 2 appears on it, then bag A
is chosen, otherwise bag B. If two balls are
drawn at random (without replacement) from
the selected bag, find the probability of one of
them being red.and another black. [4]
Solution : Consider the following events :

E; = Getting 1 or 2 on die.
E; = Getting 3, 4, 5 or 6 on die.
E = One of the ball drawn is red and another

is black.
I
(E) = =3
' 4 2
d P(Ey) = ===
an (B2) = ==3
P(E/E;) = Probabilityofdrawingaredandablack
ball when bag A has been chosen.
=P (RB) + P (BR)
6 4. 4.6 48 8
P(E/E) = =X+t —=Xo=o=

P(E/E;) = Probability of drawing a red and
a black ball when bag B has been chosen.
3 .7 7 3 2 7
= —X—+—
10 9 10 9 90 15

Using the law of total probability, we have
P(E) = P(Eq) P(E/Eq) + P(Ep) P(E/E2)

1 8 2 7
= —X—+—X—
3 15 3 15
22
= — Ans,
45
OR

An unbiased coin is tossed 4 times. Find the
mean and variance of the number of heads
obtained.

Solution : Let X denote the number of heads in
the four tosses of the coin, then X is a random
variable that can have values 0, 1, 2, 3, 4.

P(X = 0) = Probability of getting no head
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P(X = 2) = Probability of getting two.head
(HHTT, HTHT, HTTH, THHT, THTH, TTHH)
= 6X% l = g
P(X = 3) = Probability of getting three head
(HHHT, HHTH, HTHH, THHH)
1 1

= 4xXx—=—
16 2

P(X = 4) = Probability of getting four head
(HHHH)

1
= 16

Thus, the probability distribution of random
variable X is given by

X 0 1 2 3 4

1 1 3| 1] 1
PO 1 16 4 8 | 4 | 16
x |P=PX=x;)| Px; P,xz2 :

7 .
0 = 0 0

16 '
11 1 I

4 4 4
2 3 3 3

8 4 2
3 1 3 2

4 4 4

1 1
4 = - 1

16 4

SPx; =2 | ZPxf =5

Mean = i: ZPixi =2
and Var (x) = Px? —(Px; )F =5-4=1

Hence, Mean = 2 and Variance = 1. Ans.

5> A A A > " A
12. If ¥ =xi+yj+zk, find (rxi(rxj)+xy.

[4]

Solution : Given,
- A A A
r = xi+yj+zk,
Now,(_r)x ’i\), (?x?)+xy
A A A A A A A A
=[(xi+yj+zk)xil.[(xi+yj+zk)xjl+xy
Y A A A
[er=xi+yj+zkl

=[(x’z'\x?+y?x?+zI‘:x‘;})].[(xlz}x:7>+y’]§x:75
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+zlléx?)]+xy

= (O—yi’2+z’}).(x."€+0-z,i\)+xy
=(0z~xy + 0z) + xy
=~xy+xy=0.

13. Find the distance between the point (~ 1, - 5,
—10) and the point of intersection of the line
X—-2 y+1 z-2

Ans.

and the planex-y + 2 =5,

3 4
4]
x-2  y+1 2z-2
fon ¢ eI Sk
Solution: Let 3 2 12
= x=23k+2,
y=4k-1,
z=12k+2

Coordinates of any point on the line are
(3k+2,4k -1, 12k + 2).

The point of intersection of the line
-2 y+1 z-2
3 4 12

will also be in the form (3k + 2, 4k -1, 12k + 2)
and it will satisfy the equation of plane.

and theplanex—y +z=5

Now, putting x=3k+2,
y=4k-1
and z=12k+2inx—-y+z=5,
we get
3k+2-(4k-1)+12k+2=5
= 11k+5=5
= 1lk=0
= k=0
y x=2,
y=-1,
z=2

Hence, the point of intersection of
-2 y+1 z-2
3 4 12

is (2,-1,2).

-. Distance between the point (- 1, -5,-10) and

(2,41, 2)

Using distance formula

and the planex-y +z =5
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14.

= J@+1)? +(=1+57 +(2+ 10§

= 32 442 4122
= /169 =13 units

Hence, the distance between the point (-1, -5,
—10) and the point of intersection of the line
x-2 y+1 z-2

3 4 12
is 13 units.

and the planex -y +z=5
Ans.

If sin [cot™ (x + 1)] = cos(tan™ x), then find x.
[4]

Solution : Given, sin [cot™ (x + 1)] = cos(tan™! x)

si.n{sin"1 1

4 1
—_———— > = {084 CO0S
,/1+(x+1)2} { \/1+12}

andtan™ x = cos™1 1 }

1+ %2 «/1+7
o 1 _ 1
VI+E+1? Vl+a?
o 1 .1
\/1+x2+1+2x \/1+x2
. 1 _ 1
\/x2+2x+2 \/lTx_E
= \/1+x2 = \/x2+2x+2
On squaring both sides, we get
1+2=x2+2xr+2
= r+2=1
-1
= x= = Ans.
OR

5 2
If (tan~? )% + (cot™ 1) = % then find x.

2
Solution : Given, (tan™ x)? + (cot™ x)? L

8
= (tan™! x +cot™ ¥)? -2 tan”! x cot™? x=¥
2 .
: T -1 kI | 5111‘2
= I 2tan tx[Eopanlx ) =28
(2) x(z fan ) 8
2 2
= ET —mtan™ x + 2(tan”t x)2=5—n~
2 2
= 2tantx)?-rtanlx+ %-%: 0

NO Login No OTP No advertisement


http://www.cbsepdf.com
http://www.cbsepdf.com

CBSE 2015 Maths

18

15.

= 2(tan‘1x)2—1rtan;1x—% =0

Solving the quadratic equation, we get

2
nﬂ:,fn: +4x2x~3—
tanlx = 8

2x2
+
= fonlx = FE2T
4
3n -7
= tanlx= — ortan! x=—
=7 2
3n (—n)
= x = tan— orx=fan| —
4 4
= x = -1 Ans,

. Vit +41-22 +V1-22 el
o (Vi i XS e
fin [4]
dx
Solution : Given,

[JH_x+J1—x]
Vi+2? —y1-x

Puttmg x* = cos 20 we have

(J1+c0820 ++/1—cos20
\\/1+c0526—s/1—c0526

y = tan™

- y= tan! &0529+&5m29

' V2052 6 ~y25in? 0

. y = tan? cosG+sTnG)
cosB—sinB

Dividing the numerator and denominator by
cosB, we get

y=tan'1 1+tan9)
1-tanb
(
tan§+tan9
> yswnt |
1-tan—.tan®
\ 4
= = tan™? tan(£+6)]
Y |4
x
= —+0
= y=7
y=-’E 1 st (- x* = cos26)
4 2 i)

Now, differentiating (i), w.r.t. x, we get

dy _ 0+1x{ =

dx 2 ’1—(232)2 ]sz
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dy —X

dx ) Vi-x*

= Ans.

16. If x=acos 0 +bsin6,y=asin8-bcos 6, show

yd'y _xdy
that Z—= - +y =0. [4]
Solution : We have,
x=acos0+bsin® (i)
y=asin6-bcosH ..(ii)

On squaring and adding (i) and (i), we get
xz + y2 = + (ﬂ sinf0-b
cos 0)2

= a° cos? 0 + b2 sin? 0 + 2ab cos 0 sind
+ 22 sin? 0 + b? cos* 0 — 2ab cos 0 sind

= a2 (cos” 0 + sin? @) + b? (sin? 6 +
cos? 0)

= P+t =+ ...(iii)

Now, differentiating both sides of equatlon (iii)
w.r.t. x, weget

(@ cos 0 + b sin 6)

2x+2yd—y =0
dy _ dz
—2x
= Zydx
dy - x .
I = y wo(iV)

Again, differentiating both sides of (iv) w.r.t. x,
we get

]
dx? L '
d*y y-x -
= — = - y )| [from (iv)]
dx? —
| A
d? [
= —Z- = - yl_;xz] V)
dx |y
Now, we have
d’y _dy
L.H.S = yzdx2 ~x=Lty

1t
o
i
w ™
w| |
2
T
R
I
< |x
h SE—
+
L4
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2 2
_ x4ty =j'%(4+2x)\/3-—4x—x2 dx
y
+[V3—dx—x? dx
= 0 =R. H. S. Hence Proved. .
17. Theside of an equilateral triangle is increasing = 511 +Ip (i)

at the rate of 2 cm/s. At what rate is its area

increasing when the side of the triangle is Now, ;= [(4+2x) y3—4x—x2 dx

20em? [4]
Solution : We know that Area of an equilateral Let 3—4x-x%=f
triangle, = (4 + 22)dx= dt
A —£ ' = ~[Jtdt
where 2 = side of an equilateral triangle. 1
» da = —Jt24dt
Given — =2cm/s 3
at = _th +C1
d(\3 -3
Now, Eé = E(Taz] 2 3
dt = “3(3—45‘"1’2)2 +C LG
V3 da '
= —4—X2Xﬂx-d—t (... t‘=3—4x—x2)
- ‘/_ L and L= [V3—-4x—x% dx
- “a
,/‘,, 2o Vo = [y3+4=(2 +4x+4) dx
when the side of the trmngle is 20 cm. =[47-(x+2)% dx

aA N 2
[a‘t ]a=20 = 20+/3em?/s | f—_—(sﬁ)z—(x+2)2dx

Hence, the area is increasing at the rate of

20/3em?/s when the side of the triangle is =L TR a2y
20 cm. Ans. 2
2
18, Find [(x+3)W3-4x—2 dx. [4] + (ﬁ) 2112 +Ca
. 2 (7
Solution :
Let I= [(x+3W3-4x—x? dx --(x+2)\/3 4x - x* + sin™ (xj;) +Co
d
Let x+3= ?.E(S—4x—xz)+u ...(iii)
= x+3=M-4-2x)+ From (i), (ii) and (iii), we get
= X+3=(-2A)x-4A+qn 3
Equating the coefficients of like terms, we get = —%(3—4:: -x? )E + % (x+2W3—4x—x?
~2=1
-1 7 . x+2
= +— +C
= =3 = (F)
and -4A+u=3 whereC=C+C; Ans,
_af= _ 3 . Three schools A, B and C organised a mela for
= 5 tp= collectmg funds for helping the rehabilitation
= p=3-2=1 of flood victims. They sold handmade fans,
‘ mats and plates from recycled material at a
= [%(4+ 2x)+1] V3-—4x-2% dx cost of ¥ 25, X 100 and ¥ 50 each. The number

of articles sold are glven below :
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20.

Acticle School| A B C
Hand-fans 40 + 25 | 35
Mats 50 | 40 | 50

Plates 20 30 | 40

Find the fund collected by each school

separately by selling the above articles. Also
find the total funds collected for the purpose.

Write one value generated by the above
situation. [4]
Solution : The number of articles sold by each
school can be represented by the 3 x 3 matrix
40 25 35
X= |50 40 50
20 30 40

and the cost of each article can be represented
by the 1 x 3 matrix

= [2510050]

- Funds collected by each school separately is

given by the matrix multiplication.
40 25 35
= [25 100 50] | 50 40 50
20 30 40
= [7000 6125 7875]
Hence, the funds collected by schools A, B and
C are ¥ 7,000, ¥ 6,125 and ¥7,875 respectively.
The total funds collected for flood victims
= ¥(7,000 +6,125+7,875)
= ¥21,000

The above situation exhibits the helping nature
of students. Ans.

SECTION-C

Let N denote the set of all natural numbersand R
betherelationonN x N defined by (2, b) R (c, d) if
ad(b + ¢) = bc(a + d). Show that R is an
equivalence relation. [6]

Solution : We know that relation R will be an
equivalence relation, if we prove it as a reflexive,
symmetric and transitive relation.

(i) Reflexivity :
Let (4, b), be an arbitrary element of N x N
then, (a,b) e NxN
a,beN
ab(b +a) = ba(a+b)

T @HR @D
@b R@b)V @b)eNxN.
(ii) Symmetry: -
Let (4, b), (¢, d) bé dni arbitrary elementof N x N
suchthat (@ H)R (¢ d)

=
=
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= ad(b + ¢) = be(a +4d)
= cb(d +a) = da(c +b)
= (¢, )R (ab)
S @R D= HREV @, D), deNxN
So, R is symmetricon N x N.
(iii) Transitivity :

“Let (a, b), (c, d), (e, f) be an arbitrary element of
N x N such that (g, b) R (¢, d) and (c, d) R (e, f),
then (a2, b) R (c, d)

= ad(b +c) = befa + d)
- b+c _ a+d
be  ad
1.1 1.1 .
= E+C = ;+E (i)
Also, (¢, ) R (e, f)
= " cf(d + €) = de(c +f)
- dte _c+f
de cf
11 1.1 .
= E-—l—-e- = C+ ...(11)
Adding (i) and (ii), we get
1,1),(1,1 [1+l]+(1+1)
(b+c)+(d+e)_ a d)\c f
- 1,111
b e a f
b+e at+f
= “be af
> afib + €) = be(a +f)-
> @b Reh

Thus, (2, b) R (¢, d) and (¢, ) R (e, f) = (4, )
ReN.V@b)(c,dEfle NxN
So, R is transitive on N x N.
Hence, R being reflexive, symmetric and
transitive, is an equivalence relation on N x N.
Hence Proved.
21, Using integration find the area of the triangle
formed by positive x-axis and tangent and
normal to the circle 2 +y2 =4 at (1, V3). [6]
Solution : The equation of the given circle is
22 + y* = 4. The equation of the normal to the
circle at (1,+/3) is same as the line joining the
points (1,4/3) and (0, 0) which is given by

J_o

y-0= (x-0)

[y n= y yl(r—xl)]
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= y= 3x i) OR
So’ the S].OPE of the normal is \/5 . Evaluate_ 113 (ez—ﬂx + xz +1) dx as a limit of a
We know that, slope of normal x slope of tangent sum.
. =-1 Solution : We have, fb flx)dx
the slope of tangent = —= h_,o " [f@) +fla+ 1)+ fla +2h) +.4 fa +
Now, the equation of the tangent to the circle at (n-1)h)]
(1, V3) is given by : —a
i -1 . where h= _n—
y- - JE(x" ) Here a=1,b=3
[ y—y1=m (x—2x1)] and fy="% 12241
= V3y-3 =-x+1 o2
N _ —x+4 g " “n
V=5 (8 = hn =2
Putting y = 0 in (ii), we get x = 4. Now, fla) = f1)
Thus, AOB is triangle formed by the tangent, =231 11241
normal and the positive x-axis
fla+h) = f1+h)

= 230 14 m2+1
fa+2h) = f1+2h)
= 23U+ 1101241

fa+(n-1h) = f(1+(@n-1)h)
23 AL 11 4 (-2 +1
Adding these equations, we get

fia)+fla+h)+fa+2h) +..+ fla + (n-1)h)
= [ 412 4 1]+ [23* U0 4 (1 4 )2 4 1]

vY'
Now, Area of A AOB = Area of A AQOC + Area

of A ACB. + [ A 4 (14 20) + 1] +... + {200H-DH]
1 4
= foydx+[ydx +[1+ (m-1A?+1)
-x+4
= I 3xdx+jl( Nz )dx SR 422 4 1)dx
= V3 flxde——[Axdx+——
jo \/gjl \/_Il = Limh [ (3 +30 4 B0 +2k) .+e]
x? ! 1|x? : 4 h?o 2
= Al X X2 L A + Iimh [P+ (1 +R%2+(0 +20)2 +.. + {1+ (n=1)H)?
{2] ﬁ[z}*f["h. i (124 (LR (4 207 ..+ (14 (1= DA
D 1 _,_1imh(1+1+ ...... # times)
= 3(1-0]———(3§——1-) = (4-1)
2 V3l2 2} 3 1-
mh e e _3.(—8_)
B 15 12 1=¢
2
2\/5 Jg +]_im‘h{]_+1+ ______ n times)+2h [14+2+43+...+ (1 1)]
V3,9 V3 33 h0 202 4 o2 a2
= TtIE= TS +HP 42243 4t (- 1)
= 243 sq units, *+ sum to n terms of G. P.
Hence, the area of the tringle so formed is 2v3 +Emam) | g -
square units. Ans. ” CTrT 1y
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“1gq_ 6
Jim pd€_0=€ ") hmh[n+2hx(" Ln
=0 1'—8_3h h—)O 2

+h? x@—_l)q(_@]_|_ lim h {n)
6 E—0

-1 -6
. e (1-e7)
lim A| —————
h—0 [ 1—g-3t ]

lim [2nh+(nh—h) nh+

(nh ~ hynh(2nh — h)]

* w50 6
lim "
_ _( 1 )x b0
Tl e 3h_q
¢ 3xlim ¢ 1
h—ol 3h

+ lim [2x2+(2—h)x2+
h—0

1(—l 1 (4+4+8)
e 3x1 . 3

i[ ——1—)+:—52 ~ Ans.

(2—h)><2(2><2—h)]
6

[I

I

3e H) 3
22. Solve the differential equation :
(anly-x)dy = (1+y?) dx.
_ [6]
Solution : Same as solution Q. 23 (OR)
Set 1 (Qutside Delhi) upto eq.
x = tanty—1+ce™ W

Ans.
: OR
Find the particular solution of the differential
d
equation E% = zxy 5 given thaty =1, when
x=0. Xty
. . dy xy .
Solution : Given, —= = (i
ution T 2. y2 (i)
which is a homogeneous differential equation.
Putting .Y =vX
and vd—y- = 0+ xd—v
dx
v+x-d£ = —-sz
dx  x?+0%x?
xdﬁ L A—
dx  1+707
B, o 2
dx  1+07
2 -
- 1+ Ib = -1 iz
03 x
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= idv+ dv = —ldx
3
Now, integrating bo’rh s1des, we get
—-3+1 ' . c
1 = —logi x|+
_3+1+og|v| g7l
= Lt |o| = -log |x] +C
) g = -log |x| +
= ——1+log|vx| =
20%
_x2 .
= ——2+log[y] = (* y = ox)...(1)
2y
It is given that y=1whenx=0
Putting x =0,y =1in (i)
we get, C=0
Putting C = 0in (i), we get
log |y| = + iz
2
= = +2 log |y|
Hence, 2% = 2y log |y| is the solutlon of the
given equation. Ans.
{flines -1 ¥*1_z-1  ,x—38 y-k =z
2 3 4 1 2 1

intersect, then find the value of k and hence
find the equation of the plane containing these
lines. (6]
Solution : The coordinates of any point on first
line are

23 4
ie, x =20+,
y=3-1,
z=4r+1

ie, (2+1,30-1,40+1)

and the coordinates of any point on second line are

-3 _y-k _z_
53 “1°M
i.e., x=n+3

y=2n+k,
z=n

ie, (0+3,2n + k. )

if these two lines intersect each other, then
22+1 =p+3,3A-1=2p+k4A+l=pn

ie. 2h-p =230-2p=k+1,4A-pn=-1

solving, 2 —pu= 2and 4, -~ = -1, we get

-3
A= — d =-5
5 anap
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24,

and substituting the values of L and p in 33 - 2p
=k+1, we get

k=

N[O

- A A A — f)
Now, we have bj =2i +3j+4kand by =1 +
A
2]'+I/; . S0, the required plane contains both lines
and it passes through a point 7 (1,-1,1)and
Y - o o
perpendicular vector y ,givenby, n=b; x by

=N

I
=N =S
N W o>
= A

= 163-8)-j@-9+k@4-3)

= —5?+2?+§
= The equation of plane passing through 4 and
perpendicular to is given by
- o =
( r—a ). n =0

— A A A A A A
[r=(i-j+K))(-5{+2j+k) =0
= 75i+2]+k) =(-F+husi 427 4R)

Y A A A
= r(-5i+2j+k)=-6

- - T
Writing r = xi+yj+zk
or bx-2y-z-6=0. Ans,

If A and B are two independent events such that
P(ANB) = % and P(ANB) = %, then find
P(A) and P(B). (6]
Solution :Let P(A) = xand P(B) =y

P(A) = 1-P(A)=1-1,P(B)=1-y

Wehave,P(KnB) = i and (Pnﬁ) = l
15 6
- 2
Now, P(AnB) = 5
= PAPE = =
15
2
1- = —
= -2y = = 0

Since, A and Bare independent events so are A
and Baswell as A and B.
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_ 1
Given, P(ANB) = 3
- 1
= P(A)P(B) = 3
1 ..
= x(1-y) = 3 (i)
1
= lrar

Putting the value of x in eq. (i), we get

1 2
11— _ =
( &wﬁ‘w

= -90y% + 87y = 12
or  30y2-29+4=0
Solving the quadratic equation, we get

4 1
Y=5¥%
4
For y= g;usmg (ii), we get
. 1 5 5
6—6xé 30-24 6
5
1 .
For ¥= 5 using (i), we get
1 1
x= =z
1 5
6—6x—
5
P(A _3 P 2
(A) = ¢ PB)= ¢
1 1
or P(A) =5’ P(B) = 5 Ans,

. Find the local maxima and local minima of

the function f{x) = sin x —cos x, 0 < x <2x. Also
find the local maximum and local minimum
values. [6]

Solution : We have, f(x) =sinx—cosx,0 <x <2m.

= f/(x) = cos x +sin x
For local maximum or minimum, we have
= ff)=0
= cosx+sinx="0
= cosx = —sinx
= tanx = -1 B
= x= 3n orx=E—
4 4

Thus, x = % and x= :7{ are possible poihts of

local maximum or minimum.
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x+y=4 w(iii)
We have, f'(x) = —(cosx+smx) r=0 :
and y=0.
= —sinx +cos x We need to maximize the objective function
A 3 z = 2x + 5y
t x= -, wehave These lines are drawn and the feasible region of
[ 3n ] - —uin 3, I the L.P.P. is the shaded region :
4) e = ;
I T P "'
N2 N2
3n
= f* ( 2 ) <0
3n 8
So, x= vy is the point of local maximum.
Local maximum value SESEEEY
3n r
- (%)
= sin % _ cos §£ ?
- 4 4 -
11 i ;2 (H6:12)
= St —==42 X Fi
V2 V2 %‘ ‘
7n g
At x=—rwe have ' ;
f”(ﬁ) = “SmZE+cos—7£ i _,, 4R i
4)" 4 4 5
1.1 < i
CEET 5
7n £
1L Pl 0 a
= d (4 ) g :L::
So, x= —E, is the point of local minimum. . . . . .
Local minifum value - The point of intersection of (i) and (i) is B (1.6, 1.2)
_ f(7_15] The coordinates of the corner points of the
T4 feasible region are O(0, 0), A(0, 2), B (1.6, 1.2)
ain 7" o ® and C(2, 0).
=74 4 The value of the objective function at these points
1 1 N are given in the following table :
=Tk B - Ans. "Comer | Value of the objective function
26. Find graphically, the maximum value of z = 2x Points | r=2 +3y
+ 5y, subject to constraints given below : [6] 0(0,0) 2x0+5x0=0
2x 44y < 8 A0, 2) 2x0+5%x2= 10max1mum
: y . B(1.6,1.2) | 2x1.6+5x1.2=9.2
Y= Cc20) | 2x2+5x0=4
x+y<4
x=0,y<0 Out of these values of z, the maximum value of
! 2 is 10 which is attained at the point (0, 2). Thus
Solution : We first convert the inequalities into the maximum value of z is 10.
equations to obtain lines . Y
2;; +4‘1; - 2 (1(11)) | All questions are same in Delhi Set IT and Set III |
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