M_athematigs 2015 {(Outside Delhi) SETI

Timé allowed : 3 homry
SECTION — A

Xty x+z z+x
1. Write thevalueofa= & x ¥ | I
-3 -3 -3
Y+y x4z T4x
Solution :Civen, A = | Z X ¥
A 5 -3
Applying Ry = R; + Ry, we get

X+y+z X+tyti x+y+z

4= “ * ¥
-3 - -3
11 1
A=-Hx-yrzy|x X ¥
11

1
[Taking out {x + y + z)and {3
R} and R; respectively]
A=-3(x+y+2).0
[+ B) and R are identical]
= A =0 Ans.
Z Write the sum of the order and degree of the
following differential equation :

r . 3
i;.!(fﬁ{) -0 1]
dy [\ dx

A

Solution : Given,

1\(_;5] i
dr | dy ’

On differentiating wr.t. x hoth sides, we get

oD '
3(£U} xd—y- =1
) di?

) common from

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

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

3. Write the integrating factor of the following

differential equation :
dy
ax

(1+57)+ (2xy - coty)
Solutipn : Given,

=0, [1]

(L) + Qry—caty) 2% = g
ax

Maximum marks : 100

= (1+ ") dx + 2xy dy = coty dy

ax 2y .. cot e
- L . S PR
dy | 1+47 1+’

Thisis a linear differential equation of the form -

nb:

— +RKx = 5,

2y "
where = —"yv‘
T+y*

cot i

o
n

and 5
T+

Ry
Integrating factor = el

87
I i ,2""‘3
Ly

=2

E’k'g i1+ 3} ]

=

= 143 Ans.

. 1f 2, & and ¢ are mutually perpendicular unit

vectors, then find the valucof [2a + & + ¢ |.
1l
Solution: Letx = |22 +b + ]
5 AL A A
I = i.?{l + b 'f-{:J‘
= 4] @ [P (8] 2]
A AA ;
2{23.b+b.3+_23.3)

A &
Since, 2, b and { are mutually perpendicular
unt vectors.

" A L A M
2.b = be=ca=0
So, £ o= 4xl4+414112
(2x0+0+2x)
=N * o= 8
X = \’(g
A I A fve
Hence |2a+b+c| = b Ans.
. Write a unit vector perpendicular tu both the
_; - x -~ L A ~
vectors @ =§+ J+k and I;=a'+j- f1l

Solution : A vector perpendicular o both 2

}
8 X

S

: . e -3
coUnitvector Zto 4 and & =

Rl
&)

"



AA A
i j k
P
1L 10
4 ] L
=i(0=-1-jD-1+k(1-1)
fu L)
= =i+
2 x¥|= Jenr+ =42
M Fal
. . = f
- Required umit vector = 2 Ans.

6. The equations of a line are 5x -3 =15y + 7 =

3 —10z. Write the direction casines of the line,
(1]

Solution : GivenlineisSx=3=15y+7=3-10z

Rewritting the eq. in standard form :

3] o))

o AR T T
¢ T T L4
5 15 10

Thus, the direction ratios of the line are

1,l, 7l {e.,6,2,-3,
5715710
Henee, its direction cosines are

b 2

* s ¥
628 6?2+ (-3Y

-3
b, iﬁ,ﬁ,;g
J62 +2% +(-3) 77Ty
6 2 -3 -6 -2 3
L., ] T L OF o——yrr s A'ﬂﬁ
i 7077
SECTION —B

7. To promote the making of toilets for women,

an organisation tried to generate awareness
through

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

@ T 50 (i) T 20 (tii) T 40

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

(i {ii) (iil)
X 400 300 100
Y aoo 250 73
z 500 400 150

Find the total cost inr:urfcd by the organisakion
for the three villages separately, using matrices.

Write ane value generated by the organisation
in the society. 14}

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

400 300 100

X =300 250 75

500 400 150
and the cost for each mode per attempt can be
represented by the 3 x 1 matrix.

50

~. By mafrix multiplication the cost incurred by
the organisation for the three villages. .
400 300 100 50
XY = (300 250 75|20
| 500 400 150|[40
30,000

— XY = |23,000

[ 39,000

I Ience the total cost incurred by the crganisation
for the three villages separately are ¥ 30,000,
T 23,000 and ¥ 39,000.

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

. Solve for x:

q B
hn‘ltr+lj+tan“1{x~1)=t3ﬂlﬁ 14]

$alution : Given, tan™" (¥ + 1) + tan™? (x— 1}

= t.'m_li
3l
2y tanhl *+1+x-1 s tan_lﬁ-
1-{x+1¥x-1) 31
-1 -1 _1 A+B
stan” " A+ttan C B=tn
[ =
1 2x 1 8
= tan =t " —
2—x% 31
5 g% ... 8.
222 3



= 62x = 16 - B2
= 47 431z -8=0
Solving the quadratic cquafion, we get
(Ar—1)(x+8) =0
1

=— or-8,
= X 3 or

Since, x =8 doesn’t satisfy the given equation.

S0 neglecting it. "
x=q Ang,
OR
Prove the following :
cot™? [fy—ﬂ ]+ cot™ [M} cot™! [5;"11 ]
X-y y-z Z-x

=00 <xy, yx, zx < 1).
Solution: L. H. §.

=-:q::d:‘1[-xj"'—ﬂ]+mt‘1[3"FZJ“1]+.:nt‘1 (34'—1) _
-y ¥—-z z=x

wtan™ [ Z7Y | g1 [ Y22 +tan‘1(z_x)
xy+1 yz+1 zx+1

l tan ! x = cot™? 1}
%

=tan"'x - tan"y + tan"'y - tan 'z + tan~lz
—tanlxy=0=R H.5. Hence Proved.

- Using properties of determinants, prove the
following:

a be ac+c2
a+rab B ac | = 4a?2> [4]
| ab B ibe A
SolutHon :
- a> b ac+e®

Tet A= |0 +ab b ac
g blibe

Taking &, b and ¢ common from Cy, Cp and Cy
respectively.

a L
A= abclg+b B !
b b+c ¢
Appl)ﬁng Bi1— Ry +Ra+ Rz

2+l 2(b+c) 2Hato)
A= agbe| a+d b r§
il bic ¢

Taking 2 common from Ry,

a+b b4c a+g
A= Japcla+h B o
B b+ ¢

Applying R > Ri-Roand Ba > 143 - By
0 ¢ &

A= 2abclatbk B g
[—a'D -3

Now, taking r and # commeon from R; and B3

o0 1 1
A=222pclatb b 4
-1 0 =1

Expanding along K,
A=2P2 [(-b-0) -1 {Ha+B)+a} + 1{D + 1) ]
=28 be? [0—(~a— b +a) + b]

=24 b [0+ b + b]
= 247 be? [28]
= 475" =R H. . Hence Proved.
10. Find the adjoint of the matrix :
-1 -2 -2
A=|2 1 -2
2 2 1
and hence show that A, adj A) = |A| I;. [4]
Solution : We have,
(-1 2 2
A=]2 1 2
(2 -2 1
j :
A= s 1 =]—-d=-3
A sy
A 2 4
-2 =2
Asy= — s—[-2-4)=
21, ‘_2 1[ -2-4=6
R AL
Azz—. 2 1 ‘ﬂ- +4 =
R H=—6
AES— . ) '_2 __{2+ )__'




-2
Am'—“‘

:i'}=+4+i=+6

2
Ag =~ |=—(2+4)=—6

I 2 -2|
I S T DA
1.2 1

(Al An Aw

Ap Ay A

Az A Agy

adj A =

-3 6 6
-6 3 -6

adj A =
-6 -6 3

-1 -2 -2
IA‘. =12 1 -2
2 —2°1
~11-4)+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
=12 1 =2
2 -2 1)

1l

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

(27 0 0
=0 27 ©
(o 0 27
10 0)
=270 1 0O
0 0 1
= | Al.Ts= R.H.5. Hence Proved.

11. Show thatthe functionf(x)= |x-1] + [x¥+1],

forall x & R, is not differentiable at the points
x=-Tlandx=1, 4}

Solution : Gmen,
ﬂx}~ lx— 1} +lx+1]

—x-1-(x+1)=-2x, x<-1
=4{x-)+{x+1)=2, ~1sx<l
(x-D+{x+1)=2x, 321

Now differentiability at x =-1

fe-m- =1
-0 ~h

Uﬂ):k

lim -2(=1-h-2

h—0 —h
2+2h-2

_ lim

h—0 -F

2H
_ hm —-
= hes0—h

i

_ hm-2
= h—0

_ lim f-1+m)- f(-1)
k0 h

Since (LHD) # (RHD)
- flx) is not differentiable at x = -1,
Now differentiability at x = 1

f(1 —hy— f(1}
h-—)U - h
2-2
lim —=
h—0 - h

I

{LHD atx =1}

il
<

lim fa+ h)_” f
h—0 n
_ i 2102
h—0 h
_ 1im<2‘+2h-2~
h— 4 h

= lim —l—b- = lim 2
B0 K kD

=2
Since LHD s RHD
. f{x) is ot differentiable at x = 1, also.
~ Hence Proved.

(RHD at x = 1)

‘“

L
12, Ey=e™" %, then shaw that

‘ Py d ,
{1 xz)dxg x;é:'—my =4 (€1

Solution : Given,
y= emsin % 0

‘Differentiating both sides w.r.t. x, we get

Ez = g’."i“-lxx _m
ax l—x'?'



13,

14.

— .’1 _x2 gi = m Ems'm_lx
dx .

Again differentiating, w.r.t. x, we get

2
1—x ﬂ_'_dy

dx?  dx

[ i J i 1z
Y1—x? 1-%2
Multiplying both sides by ¥1-x? , we get

[1 " de j.i - m?.emsin_l,t

2

= [1—x2)d—y—xd—y—m2y= 0 [using (i}]

2 d
i 4 Hence Proved.
Iffix) = 22 +1; >
then find f* [A" {g’ (.ﬁ}] (4]

Solution : Given,

2 x+1
= fx°+l, g(:r} =—
x“+1

and hlxy=2x-3

2x x
Now, f{)= =
IxZ 41 P4l

[x:E +1]—‘:x+1]23~' . 1-2x—x?

gx) =

(xz +1J2 B (J:2+]]2
and  Ffx)=2.
o 11-2x—x2
~FRon= |t ~2x—2
(x +1)
=f[2] [vH{x)=2]
= 2 =i Ans
S V5 '
Evaluate : [(3-2x)N2+x- 22 dx. [4]
Solution : _
Let, I= j(3-2%).N2+x—x7 dx.

Let 3-2x= l%(2+x~x2]+u

= 3-Zx=2A(1-2x)+p (i)
= 3-Zx=(-2r+A+nu
Equating the coefficients of like terms, we get

=
= A=1
and Arp=3
= p=3-1=2

~»Bquation. (i) becomes 3-2x = (1-2x) + 2
[=Jl(1-2%)+2} y2+x—x% dx

I =[(1-20)V2+x—x7 du+2]¥2+x—22 dx
=I =1 +2I .(ﬁ:l

= = [(1-20) V2 +x—2x2 dx
Let 2+x-x2=¢
=  (1-2x)dx = dt

I = J+Edt

fl"zﬂ
= I = 1 +C

2-+1

2
= [] = §f332+(21

2 Ly 32
N
and Ip= [V2+x-x2dx

1

= I = IJ2+1"[;¢2-1’+%)§I

- el
- DT

9 1
4.7 3
+ESII'I T +C2
2
— L= %(I—-—;—J 2+x—x°
+§sin"1 ( J+ Cy - {iv)

From {ii), (ili} and {iv), we get

3
- g-(2+x—::2] /2 +[x~-1—] I+x—y?
3 z

+§+ain“:l (21_] +C,

3
where C=C1+C Ans.
OR
Evaluate: | ALY

[:\cz +1) (x+2)



15.

. v o B x% +x+1 B
SnIn_t:mn :Let = —{xi ED)
X2+l x

b= j[(ﬁ +1](x+2)+(x’-+_1)(x+2}

=1 ~I—x

L.
x+2 (x% +1)(x+2)

= I=log[x+2[+] will)

oo
{x2 +I)(x.+2]dx

: x _ A +B:c+C
(P {x+2)  1+2 x4

r=AX+ D+ (Bx+ ) (x+2)

_ -..(i)
Putting x+2 =0
- x ==2in (i), we gel — 2 =5A
=2
= A= _
3
Putting  x =0and x =T in (ii), we get
D=A+2C '
1
= "5
1=2A+3B+3C
6
= SB__E
2
= B=g
[=log |x+2] -
Zf dx I§x+'5',
C5x+2 0 x4
= I=log|x+2|
-—I 2 Xdx +1J 1 ix

B x+2 5x+1 5 x241
2 1
= [ =log|x+2| -Elog|x+2|+glog
|x2+1|+%tan‘1x+c
3 1 2
I :Elug|x+2|+glng | x=+1]

+-ét.am'_'l
i dx
T [4]

Enik [ cas® x+/2s8inZx ]

I o J-a:,rr; dx

Solution : Let (_‘{)53 x\m 3

x+C. Ans.

16.

Multiplying and dividing denominatorby cos x

x/4 dx _ (md sect xidx
U 4 (2sin2x ° [asin2x
cos x4 —. 5
cos x cos”
2 2
s Im,4[1+h=m x)sec xd:r
g &N X cos X
2 2
[
[ sin 2y =2 sin x cos x|
l-rtanszscczx
4ol
L= dx
E H 2/tanx
Putting  tanx = f
= sec’x dy = df, we get
[':when x=0,1= D]
T
d =, =]
an x i
_ L eydr 1+ #2)dt
N
BN
Ll 1.
= £2 \dt
-
1 2
= 1= E[Z‘\E'I’gfz
d0
- 1
By i]
5
L i
-'— 1 _5_ 1 E
= I = N’T+'—12]—{U‘E+“Uz
3 5
Il: E Ans,
5
logx ]
i da. |, [4]
Find [J{IH)2
Solution : Let o 200
Solution : - 1]2
= [logx. dx
I ji'! (x + 1)
n
Integrating by parts .
dx . d dx '
L ———1| —logx dx
I=logx I(:c+1}2 .[dx g J(x+1}2]
log x 1
= - + dx
(x+1) " x{x=1) 411
. ril‘ 12 - X



_ log x j[x-l-]]—x

(x+1) x(x+1) '
[Add and subtract x]
- F = 1051 +J‘(1—L]d}(
(x+1) x x+1
log x ;
= I=- 1 o +1|+C
(x+1)+ og|x|-log[x+1|+
X log x
T=log T T Ans,

= A AoA oA —¥ ~ ~ P
17. fa=4i+2j+k b=2i+jamdc =3i{-47-5k

18.

then find a unit vector perpendicular to both of

- =3

- =

the vectors (2 — B) and (¢ - P). 41
Solubion : Here,

R — M Fat A N n,

(a=b)=i+2j+k-2i-§

A

—* F ” J'} A A Fa

and (c—b) =3i-4j-5k-2i-j

- n M
i-5j-5k

s - = - =
So, reqquired unit vector r = (4-#Ix(e=b)

‘(E’— P)x{c-B)

where
A Ea Fal
: Ik
AT S :
F=fla-x{c-b)y=|-1 1 1
1 =5 -5
M A -
=i{-=5+3)-f(5-1+k (5-1)
sl Fat
= —4j+4k
M A MM
% k—4j |k—j
Hence, » = 2 L - ] Ans.

Jizig? | 2
Find the equation of a line passing through the
point {1, 2, - 4) and perpendicular to two lines
— . a': fal e A Fal
r=Bi-197+10K)+ A3 -167+ 7Kk
— A S A M A A
and £ =(15{+297+5k)+p (37 +85-5k)[4l

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

7 o= (8i-197 +10k)+ M3i ~16] +7K)

- A A n A A P

and 7 = (15{+297+5K) +p (37 +87 ~5K)
30-16b+7c = 0

and 3a+8b-5c= 1L

19.

Solving by cross multiplication, we get

a _ b _ £
8056  21+15 24448
aq b - C
= 22" 3% 72

.. the direction ratios of line : 2, 3, 4.

Hence, required line through the point (1, 2, —4}
ia

= —+

& +Aab

=l =]
1]

il Lt Eal o st lf\
(F+2f—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
. x-1 2y+1 z+1
1 2

Solution: The equation of aplane passing through
(1,2, 0 is

a(x+ e by-D+rc@-0)=0 .0
It passes through (2, 2, -1) .
a2 +1)+b(2-D+e(-1-0)=0

lin

J+0b—c=0 ..
The given line is
x=1 _ 24+l z+l
q Rz A
i e. .1'_--1 = "}’--'-—E=E—i:E
1 1 -1

sdr.soflinearel, 1, -1

The plane (i) is parallel to the given line
g+b—c=0 (i)
Solving {ii) and (iii) by cross multiplication, we
get
i [

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

Har=-1D+2(4-2)+3(z-0) =0
Le., r+2y+3z=3  Ana,
Three cards are drawn successively with
1eplacement from a well shuffled pack of 52
cards. Find the probability distribution of the
number of spades. Hence find the mean of the
distribution, [41
Solution : Let X denote the number of spades
when three cards are drawn, then, X isa Tandom
variable that can take values (3, 1, 2, 3.



L&t E be the event when spade card is drawn,

. 13 1
p=FE=5=7
eklepebegsy

P(X = 0} = Probability of geiting no spade
3
ETON £ (1] .
_ - {‘”[4) 1) o4
P(X = 1) = Probability of getting one spade
1 qn3-1
el (i) &
= 4/ \4 64
P{X = 2} = Probability of getiing two spades
2 pny3-2
L
4/ \4 64
P(X = 3) = Probability of getting three spades

3
= Syl la) Twm

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

X[ o0 1 2 3
27 | 27 | 9 1
PX)| — | = | = | =
Wil la|als
«. Mean (X} = ZXP(X)
37 L 97 9 1
=0x—+1X—+2x—+3Ix—
TR T YR T
48 3
=54-4.. Ans,
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.

Seolution: Let p denote the probability of getting
success and g be the probability of failure.

Since, Plx=r)="Cp'q""

_ Pix=4) = 8Cyp*gf—t

and P(x=2) = SC;p2 52
Wehave 9P(X=4)=P(X=2)

o 950, ptgf—4 = CCypPgt [+ 5Cy=5C))
= 9= ¢

- 9p2= (1-p)* [vp+q=1]
=3 9p? = 12+ p*-2p

= 9p*—p*+2p—1 =0

20.

= 8 +2p-1=0

87 +4p-2p-1=10
= (dp-1}2p+1) =0

U

Since prabability can not be - ve

-

Mi,'_.

P.‘:

1

Hence, the probability of success=

el - T S

SECTION —C

Consider f: R, — [- 9, ) given by f (x} = 52
+ 6x ~ 9, Prove that f is invertible with

54+5y -3
e
Salution : To prove f is invertible we have to
prove that f is one-one and onto.
For one-nne
Let x1, %3 e Ry, then

.+ I8}

fle) = flx)

= 5x1% + 6x1 ~ 9 = 5xs” + 6xz - 9
= S -:m+6(x;—x) =0
= {x1—-x)ibr+5n+6)=0
= ¥1—x2 =0 asbxy+ 55+
6 %0
= Xy =X
ie., f is one-one function.
For onto
Let fx) =y
y= 5 +6x-9
R T
-6 {36 +4x5(9+y)
A 10
—6,/216+20y
- 10
+/54+5y -3
= 5
HM45y-3
= x= 1—
> (vxeRr,)

Clearly ¥ y € [-9, =], thevalueof x e R,
=/ is onto function.

Hence f is one-one onto function.

=>f is invertible function with

1gn o f34+5y -3
f‘ @) = 5

Hence Proved.



21.

OR

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

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

Find the value of p for which the curves
x* =9p(9-y)and 1 = ply + 1) cut each other at
right angles. [6]
Solutien : Given,

= 9p(9-y) (D)
and C=py+l) o)
From (i) and (ii}, we get

WO-1=ply+1)

= 8lp—9py=py+p
= 10py = B0p
) y=8
. 2= 0p
Mow, differentiating (i) and (i) w.r.t. x, we get
dy
o= =5p dx
e E‘z = _2_1'
dx 9p
dy
and 6= Py,
dy _ &
= T

Since curves cut each other at right angles

[Z_xJ{_Z_IJ =-1 [wmm=-1]
VAR

- d4x?
= =-1
9p2

4

=L F(gp} =1 (v #=9p)
p= 4, Ans.

Using integration, prove that the curves 12 =
4x and »? = 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,

¥ = 4r ' i)
and 2 = 4y 2 i)

** Answer is not given due bn the change in present syllabns

' Solving (i) and (ji), we get the point of intersection

(0, 0y and (4, 4).

i R=dy
T yy= a2
B Cid, 4)
r=4
F; Y e

The area of the region OECDO bounded by the
given curve Aj = Area uhder (y° = 4x} — Area
under (3% = 4y)

4 . 2
I[Z\r—i—]dx
0 4

3 4
e 2l (2.1
S 1 120| 3 3

16 )
= 3 units (1)

Ir

and thearea oftheregion QACEQ A = Area under

= 4y
4 x2 x3 4
)

16 : ;
= 3 54, units .{iv)

]

Similarly, the area of the region CDCBO

As = A of square— (A1 + Ag)

16—(E+1—6)
3 3
32

= 16——
3

1l

16 ;
=3 % units V)

From (iif}, (iv) and (v), it can be concluded that

the given curves divide the area of the square

bounded by x =0, x = 4, ¥ = 0 into three equal

parts. Hence Proved.
dy__ 9

Show that the diffemnﬁalethon‘&x“= S

is homogeneous and also solve it. [e]
Solution ; We have




10

o ¥ -
dx :ch-—;t:"2
Let S, y) = y_xz
Xy
2
Jox ay) = kzx;izrz = xyyfxz
=2z ¥).

Hence, the differential equation is homogeneous.

Puiting y = vx so that A v+x% in (i), we get

==
v+-@ = %
dr 242
5 B B
dx ~ o-1
— Edﬂ = E
o) X
Integrating both sides, we get
- dx
iy Ivvidﬂ — !'_

= I(l—%]dv = fd?x

v-log || = log |¥] +C
= % -log |y] +log |x|=log |x| +C

Hence, I=W§']+E is the required solution
of the differential equation. Hence Proved.
R

Find the particular solution of the differential
equation (tany - x) dy = (1 + y°) dx, given that
x=1,wheny=0.
Solution : Given,

(" y - 2)dy = {1 +1x

-1
-3 Mz_idpdx i)
1+y
Puitin: Tyt d-—l < (i)
ing tan™ y = fan 2 =~ in (i), we get
(f-x)dt =dx ley® Ay
dx
= —_ =t=X
dx &
= Ty =1
a

4li)
Here, LF. = o "% = ¢
Hence, the solution of the differential equation

28,

{if} is piven by
x(LF) = [(LE)t at

xet = eftdf + C, where C is arbitrary
constant
= xet =l (ddt+C
= xf=t-e+C
-1 =1
=™ =™ ¥ (@nly-)+C i)
[ i=tan ™y
It is given that x =1 wheny =0
8o, d=eO-1)+C
= Bl
Putting C = 2 in (jii) we get

_ -1
Y = ™Y anly-1)+2

; x = tany + 22 ¥ -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 B2, -3, 1) intersects the plane
Zx+y+z="T [&]
Solution : Equation of the line joining the points
A(3,-4,~-5)and B2, -3, 1) is

x-3 _ y+4_z+5
= 7.3  B3+4 1+5
4
= x=3 = y+ =z+5:k

2 1 6
Coordinates of any point on the line are

QB3 -k k-4,6k-5)
The given line intersects the plane 2x +y +z =7,

So, 23-K)+k-4+6k-5=7
= h—2k+k-4+4+6k-5=7
= hk =10
= E=2

.. Coordinates of a point where line Intersect
plane are (3-k, k—4, 6k-5)= (3-2,2-4,12-5)
= (1:' == 2r ?)

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

PQ = J(3-12 +@+2)° 4_7)

— PO = (2P +(67 +(-3?
= PQ = Ja+36+9 =20
PQ = 7 units. Ans,

A company manufactures three kinds of
calculators : A, B and C in its twa factories
I and I1. 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 calculaters 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 factory lis ¥12,000 and of factary LT
is ¥ 15,000. How many days do the two factories
have to be in operation fo produce the order
with the minimum cost ? Formulate this
problem as an LPP and solve it graphically.
[6]
Solution ; Let the factories I and 1T work for x
and y number of days respectively,
Thus, the given linear programming problem is
Minimize £ = T (12000x + 15000)
Subject to the constraints
50x + 40y = 6400
50x + 20y = 4000
30x + 40y = 4800
x=0
and y=0
ie bx + 4y = 640
5x + 2y = 400
3x + 4y = 480
xz0y=20
To solve this L. P. P,

Let us consider the equations

Ly :5x + 4y = 640 ()
Ly:5x + 2y = 400 i)
Ls:3x+ 4y = 480 i)

The point of intersection of Ly and Ls s D(32,
120) and and Ly is C (80,60)

e

26.

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

Cormner
Points

VYalues of the objective function
#=12000x + 15000y

A {0, 200) | 12000 x D + 15000 x 200 = 30,008,000
B {160,0) | 12000 x 160 + 15000 x 0 = 19, 20, 000
C (80,60) | 12000 x B0 + 15000 x 60 = 18,60,000

D (32,120) | 12000 x 32 + 15000 x 120 =21,84,000

Out éf these values of Z, the minimum value of
Z1i518,60,000 at x = 80 and y = &0.

Since the feasible region is unbounded so we
draw the graph of inequality

12000 x + 15000 y < 1860000

i, dx + By < 620

x | 0 |155

v [12a] o |

L:4x+ 5y = 620

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

Z = 12000 x 80 + 15000 = &0

= T18,60,000.
Hemce, the factories I and I work for 80 and 60
number of days respectively. Ans,

In a factory which manufacfures balts,

_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;, B3z and A be the events
defined as below

Ej = the bolt is manufacturéd by machine A.
Ez = the bolt is manufactured by machine B.
E3 = the boH is manufactured by machine C.

A = the bolt is defective.
then, P(Ey) = Probability that the bolt drawn is

matufactured by mac}une A= 1%%
P(E2) = Probability that the bolt drawn is
manufactured by machine B= %
P(E;) = Probability that the bolt drawn is
manufactured by machine C = %

P(A/Ey} = Probability that the bolt drawn is
defective given that if is manufactured by



machine A.
P(A/E;) =

Similatly, we have, P(A/Ep =

100
100
1
A St
and P(A/Eg) 100
Now, using Baves’ theorem
P(E;/A) = Probability that the bolt is
manufactured by machine B given that the bolt
drawn is defective.

) P(E;) P(A/Ey)
P(E)P(A/E1)+ P(Ey)P(A/Ey )+ P(Eg) P(A/Es)

50 4

_ 100100
335 _50 4 20 1

b Tl -+ —_— + T g
100 100 100 100 100 100

200 200 20

To0+200+20 310 31

Hence, the probability that this is not
manufactured by Machine B =1~ P(Ez/A)

=l-—=— Ans.

All questions are same in Cutside Delhi Set II and
Set T

SET 1

Mathematics 2015 (Delhi)

Time allowed : 3 hours

Maximum marks : 100

SECTION— A L=7 Ans.
3. Ifalinemakes angles90°, 60° and 8 with x,yy and

- A A A A A A A N .
1. Ifa=7i+j-4kandb=2i+65+3k, then z-axis respectively, where 0 is acute, then find

- > o e. . [1]
find the projectionaf a on b. [1] Soliitice s Given;
Solution : Given, o = 90°
ACA A = g0°
7o Tivj-ak E o
Fa8
b = 2?+6?+3k Let {, m, n be the direction cosines of the given
vector..
3 > 4 F Then, l=cost
.. The projectionof 4 on b = 2 : ’
; | b’l m =cosf
and n = coSA
_(7x)+(AxE)H—4x3) 8 Naw, Pim?+n=1
J{Z)z +(6) +(3) 7 cos? o+ cos? B+cos®h = 1
Ans. =  cos? (90°) + cos? (60°} + cos28 = 1
e A A = FL 2 1 2 . )
2, Find)ifthevectors a =i+3j+k b=2i~j-k = 0 +(—J +cos"0 =1
- ~ A 2 1 3
and ¢ =Xj+3k are coplanar, [1] = cos’§ = 1--=2
Solution: Since, the given vectors are coplanar, J3
gy = Cos B = i (' 0 1s acute)
Iabe]l=0 Ans
13 1 i g =30 ;
e, 7 ? =12 1 -1]=0 4. Write the elen.mentag_o, of a 3 x 3 matrix Iﬁ:f J::Tﬁ}
g » 3 whose elements «;; are given be a; = ——.
Expanding alonyg Rs, we get [1]
0(=3+1)—n(-1-2)+3(-1-6} =0 Solution : Given, 5
= 3 =21 L - izl
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fxy = |2_3|=‘_—|=%Am.

5. Find the differential equation representing the

family of curves v = £+B ; Where A and B are
arbitrary constants. * (]

Solution : We have,

A
v= —+B (1)
T
Since, the givenequation contains two arbitrary

constants, we shall differentiate it two Himes.

Now, differentiating (i} w.r.t. 7, we get

@- = - £+D
dr - r2
3 do sim
= — ==A
d dr o
Again, differenfiating (if} w.r.t. r, we gel
2
e xd—v+2 #o ={
d;rz df‘
o, dy
= —+2— =10
dr?

This is the required d1fferent1al equation
representing the family of the given curve. Ans,

6. Find the integrating factor of the differantial

_ax
equation et oy EZL (1]
x e |dy
Solution : We have,
i N
Y Vx Jay
. dy 2y
dr Ar Jx
dx Jx  x
whlchjsahneardszerentialequahonofthe form
+Py =Q,
where P= &
o~
d =
an Q) JJ_:
R P

Iid:r
=¢ - E?Z‘E Ans.

SECTION —B

2 01

"7, IfA=|2 1 3|, indA2-5A + 41 and hence

1 -1 0
find a matrix X such that A*—5A + 41 + X=0J4]
Solution : We have,

2 0 1
A=Il2 1 32
1 -1 0
2 112 o 1
= Al=AA=[2 1 3{|2 1 3
1 -1 0]]1 -1 0
5 -1 2
=l9 =z 5
0 -1 -2

[(-5)2 (-5}0 ()1
= —~5A=|(-5).2 (-5l (5.3
51 (BH-1 50

-10 0 -5
={-10 -5 —-15
-5 3 0
1 00400
= =40 1 0=|0 4 0
00 1) |0 O 4
—-SA+4 =
2 ~10
—25+[—10— - 15
4 00
+|0 4 0= —3—10
0 ¢ 4; |-5 4

Now, AZ—3A + 41 + X =0
= X = —{A%2-5A+4D
-1 -1 -3 = 3
= X=¢Dl-1 -3 —wl|=[1 3 10
-5 4 2 5 -4 -2

OR

i 25
IfFA=|0 -1 4/, find (AL
2 2 1



Solution ; Given,

1 -2 3 1 { 0
- fxy=alx x+a -1
A=10 -1 4 : 5
P | X “+ax a
:1 y On expanding along Ry,
s 1 _2 fix) = al@® +ax +ax + 1)
Now, A= PR = fx) = ala® +2ax + 1Y)
| | a -1 0
1 0 -2 Also, fizxy= |20 & -1
A== s g
3 4 1
= 1(=1-8-0(-2-6)—-2{(-8+3) 1 -1 0
= —9+10=1#0 = o =al2x a -1
So, A’ is invertible. 4x® 2ax 4
Al =~9 A =8Ap=-5 Applying C; — Ca +Cy, we get
A9 = ~BAm=7Ap=-4 1 0 Q
A = -2, A'n=2Alng=-1 fon=al2x 2x+a -1
[Ap A’y Ay 4x> 4xP+2ex a
adj A= [A2 A Alg On Expanding along Ry
A Al A
S S = R2x) =ala(Px +a) + 47 + 2z}
= 8 =2 = A2x) =alde? + @* + dax}
= |8 7 2 ;
B i f2x) —fx) =a(@d +4° + dax — a2 - 2ax - 1)
q = =a(3x® + 2ax)
= ——adA
(A] IA,]a] . _ =ﬂI(3I+2ﬂ'}. A
- adi A [w]A|=1 9 Fnd:[—2 [4]
9 8 -2 : sin x4+ sinly 1
4 Solution:Let I= [———————dx
= A = | 8 7 2 Ans, sin x +-5in 2x
B ool oo - y e 1
sin X+ 23N xcosy
il = [= [ ———— . ax
B Ifix)=! ax a -—1|, using properties of sinx(1+2cosx)
axl ax a % L ] sinx
determinants find the value of f(2v) - flx). [4] sin” #(1+ 2cos x)
a -1 0 sin x dx
= ]
Solution:Given, fix)= | & 4 -1 (1-cos” x}{1+ 2cosx)
axt ax a Putting  cosx = f,-sinrdc=dt
Taking # common from Cy = sinydy = —dt
—di
J (1-t2)1+26)
= firy=alx a -1
x> ax a 2 -1
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o A B C

ket (1+9(1-D01+20) (]+t}+(l—t)+(1+2t}
i)

~l=A(1-80+20+Bl+A(1+2)+C(1+8

(1-1)
Putting 1-t=0
or t = 1lin (i), we get
-1 =B
-1
B= —
£ 6
Putting 1+f=10
or f = -1in (i), we get
1=-2a4
1
== A=
Puiting 1+2¢=0
ar b= -—% in (i), we get
3
-1==2C
. 4
4
= | Gl e
3
| 1 1 4
A+850-H1+28) 201+ 6{1-1) 3{1+28)
1=/ =
=L T e n— 1+ 28
1,1 1.1 4. 1
= Ll gl # sl g™

1 1
——log|l+tl+2 =
=1 21(‘.bg| + [+610g]1 #]

4
—m[og |1+2¢[+C

=1 =%[ogi 1+cosx|+%[0g [1-cosx]

2
= log {1+2cosx| +C

Ans.
OR
¥ -3x+1
Integrate the following w.nt. x: ——=——.
-2

Solution : Given,
22 -3x+1-141 _ _[_xz +3x‘1+]_]:|

N2 V1-3

_ _ll—x2+3x—2]
B V1-#2

_ 1-x? 3x-2
vl—x%  J1-o2
= —1-x% — o
1-x2
22 -3x41 [ : 31—2]
= [————dx = [|1-x° ———= |
V1-x2 V1-
O L P
152
7 e 1
e Pl 22dx — 2 dx
Nl=x"dx Bf@dx+ _erl,:?

= —Hl—xzdx+§_[i,_dt+2f—1--- dx
2" vt 1-

=

(Putting 1 — x% =t = — 2x dx = df)

= :25 1—x% —%sin_1x+3\h—?+23in_1x+c
;T" ]-x2+gsin"lx+3 1-224C  Ans.

10. Evaluate: [ (cosax —sinbx)® dx. [41
Solution :

LetI = |* (cosax—sinbx)dx

I = _F_"“,r(r:ms2 ax +sin® b
-2 cosgxsin bx)dx

1= " {cos® axdx+ [ ® sin brdx -2
. cosaxsinbxdx

= [ =2[gecos’axdx+2J7sin® brdx—0

[Since cos? ax and sin? bx are even functions

and cos gx sin bx is an odd function)
=2 el [—-—-—1“232“ ]dx+ 2[F (ﬁ——l_m;%x ]dx

= I= g1+ cos2ax)dx + (1l —cos2bx) dx
= I= [3(1+cos2ax +1-cos 2by)dx
= I= J'E;t(2+c052ax—m$2bxldx

in2gx | [sin2bx "
s 1o g Be] [z
2[x]y rre N T
y I=2n+sm2m_sin26n
2b
= 1=2nifgbeZ Ans,



11. Abag"

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:

E1 = Getting 1 or 2 on die.

E; = Getting 3, 4,5 or 6 on die.

E = Oneof the ball drawn isred and another

is black.
o RE=Z=d
and P(Ey) = %= 2
PE/E) = Probabi]ityofdrawi:rgaredmdablack
ball when bag A has been ¢hosen.
- P (RE) - P(BR)
by Sty 4,8 B8

1091099015

P(E/E2) = Probability of drawing a red and
a black ball when bag B has been chasen.
2Py eaw
XX
“1W079710°9 90 15
Using the law of total probability, we have

P(E) = P(E;) P(E/E1) + P(Ez) P(E/En)
1 8 2 7
B
3715 3 15
2
T 45
OR

An unbiased coin is tossed 4 fimes. 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 randorm
variable that can have values 0, 1, 2. 3, 4,

P(X = () = Probability of getting no head
{TTTT)
1
=16
P(X = 1)=Probability of getting one head
* (HTTT, THTT, TTHT, TITH])

1

P(X =2)= Probability of getting two head
(HHTT, HTHT, HTTH, THHT, THTH, TTHH)
1 3
S T
P(X = 3) = Probability of getting three head
(FLHHT, HHTH, HTHH, THHH)
= 4x —1- = l
P(X = 4) = Probability of getting four head
(HHHH) .
A
T 16

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

X 0 1 2 3 4
LS 1 I I S
PX) | 16 4 8 4 16
% |B=PX=x)| Fm Pyx?
1
Q —_ 0 0
1A
1 1 1
1 al i ok
4 4 4
2 3 4 3
] 4 2
3 1 3 g
4 4 4
1 1
4 — - 1
16 4
ibx; =2 EP,-x,?‘ =5
Mesn= X= %P X =
and Var {x) = EPi:q (EPII_} =5-4=1
Hernce, Mean = 2 and Variance= 1. Ans.

A M A e S T
12, i 7 =xi+yf+zk, find (rx(rxj)+zy.

[4]
Solntion : Given,
= AL A A
r o= xi+yj+zk,
Nuw,{?x?).(?x?]+xy
. A IS A h A A A
=[xi+yf+zk)xill(xi+yj+zk)xjl+xy
— L Fal A
[wr=xi+yj+zkl

= [(x?x?+y?x?+z£x?)].{(x?x'?+y?x}
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M M )
Jxi=0, kxk=0

= [0~y§+z?’).(x£+0~z?}+xy
= (0z —xy + 0z) + xy

=-xy+axy=0. Ans.

13. Find the distance between the point (~ 1, - 5,

~10) and the point of intersechon of the line

=2 _¥+1_Z-2 sndthe planex -y +2=5.
3 4 12
i4]
= =2
Solution: Let x_2 = y—+1 = —=k
3 4 12
= r=3M+2,
yz%_'lr
z2=12+2

Coordinates of any point on the line are
(3+2,4k—1, 12+ 2.
The point of intersection of the line

¥=2_¥*1_2-2 ond the planex—y +z=5

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

Now, putting x=3k+2,
¥=4k-1
and z=12k+2inx-y+z=5,
we gel
h+2-(dk-1)+12k+2=5
= 11k+5=5
= 1k =0
= k=10
: =2
y=-1
z=12

Hence, the point of intersection of

x—2 y+1 z-2
——-:—:——-_Elﬂdﬂ'\e Ia — =
z 5 = planex -y +z=5

is (2,-1,2).

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

2.-132)

Using distance formula

14.

= JE+1)2 +(=1+5P + 2+ 100

= V32 442 4122

= /169 =13 units
Hence, the distance between the point (-1, -5,
~ 10} and the point of infersection of the line
x-2 y+1 z-2

3 4 12

is 13 units.

and the planex -y +z =5

Ans.

1f sin [eof ™ {x + 1)] = cosftan™ 4), then find x.
[4]
Solution : Given, sin [cot™ {x + 1)] =cos(tan™ )

sin{sin_l 1

—_— cos{cosﬁl ——]—}
JL+(x+1)? 1+x2

-cot x =gin " ! andtan ! x=cos! L}
Vi+x? Y1+a?
1 1
= =
\{1+(:rc+1j|2 ~."1+:1c2
g 1 " 1
. \,’1+x2+1+2x «.I'l-t-xz
s 1 e 1
Jx2+2x+2 \'1+x2
= V142 = i +2x42

On squaring both sides, we get
_ L+ =x2+2x+2
s Zr+d=1

-1
= = _5 Ans,
OR

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

. , 512
Solution : Given, (tan™! x)? + (cot™ x)? =%

5
= (antx+ecotT 2P - 2tan xcot x=" E

BY gt (8 o0 BT
= (2]2 2 tan x(z tan IJ 8

_ -1 -1 2_55"2
L T—ntan x +2(fan™ x) =
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15.

; 3
= Z(tan‘lx)z—irtan'lx—% =0

Solving the quadratic equation, we get

{ 2
nE 11;24.4)(2)(31
tan x = B

Zx2
A nt2n
= fan " x =
4
3n -
= tanlx= =~ ortan? x=—
=% 2
= x-lanéim'x=tan[iJ
4 4

b
1

If ¥ = tan”!
4y
Ie"
Soliztion : Given,
i vitx2 + 1-x2
= tart"
_'\f1+x2 ~\{1—x2 '
Puttiﬁg r* = cos 20 we have

+1+¢0520 +1—cos20
J1+cos20 ~+1—-cos20

V20062 8+ 25in? B
| 2c0s? 6 —+/28in? 0
rn:c;ase+sfme)
cos—sin g

[m+ﬂ

(4]

y = tant

> e

= y = tan’!

Dividing the numerator and denominator by
cost, we get

'
y= ! 1+tanﬂ}
1-tan®
. tan§+tanﬁ
= y=tan
- |1-tan—.tanB
\ 4
i 4
= y = tan™? tﬁn(z+'3)]
o B
= —+18
= ¥= 3
y= o+ L [+ x* = cos28)
4 2 i)
Now, differentiating (1), w.rit. x, we get

dy x 0+1 =]
2

I ,__1 = (x2}2 }c 2x

Y1+ -1 HJ %'l hen

dy —x
LT 1 AI‘E-
dx 1_4'1 -x* _

. fx=acosb+bsinb,y=asinb-bcos b, show

z
that y;iz xd:'w 0. 141
Solution : We have,
r=aco3f+bsinb i)
Y=asinB-becosd ..}

Omn squaring and adding {i) and {ii), we get
r+yt=

(2cos D +bsin®f +({asinB-b
cos §)2
= a% cos? O + PP sin’ 6 + 2ab cos 0 sind

+ &t sin® B + b2 cos? B — 2ab ¢os & sind

= & (cos’ ¢ +5in® 8) + b° (sin® 0 +
cos? B)
= =+ (i)

Now, differentiating both sides of equation (iii}
w.r.L x, we get ’

2x+2yd—y =0
dy i
o e _?_x
= 2y o
= % = —g« V)

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

'3 dy
doc? ¥
\
o I3
s
Ay [ 422
= = | ®
Now, we have
. 42
LELS & fﬁ—ﬁ'—xdﬁw
)
5 —x| = |+y
yﬂ[ ¥ y
|
= - +5 4y
Y ¥
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—yz —_.1:2 + a2 +‘1_9f2
¥
0=R H S. Hence Proved.

||

17. Theside of an equilateral triangle is increasing

18'

at the rate of 2 cm/9. At what rate is its area
Increasing when the side of the triangle is
20 ¢m ? [4]
Solution : We know that, Area of an equilateral
triangle,

A—%uz
where a = side of an equilateral triangle.
Given % = 2em/s
da  d (V3 2
Now, sl PORS] el
o dat dt[ 4"
= %xjxaxr&-
(B,
T2 a
J3a

= —2~.2=J§am2,’s
when the side of the iriangle is 20 cm.

[J—A:r = 204B3em?/s
dt g=20

Hence, the area is increasing at the rate of
203 cm?/s when the side of the triangle is

20 cm. Ans.
Find [(x+3)W3—4x-2* &, 141
Solution :

Let I= [(x+3W3-dx—x2 dx

Let x+3=li(3—4x—x2]+u

= x+3=M-4-2x)+p

= A+I=(-D)x-4h+u

Equating the coefficients of like terms, we get

“Zh=1
=i
[ A= ?
and —4h+y=3
:>—4[_?]]+p_=3
p=3-2=1
] [%(4+2x)+1:|\|'3—4x—12dx

19,

i %(4+zx)\r‘3—4x-x2dx
+ V3 -dx—x? dx
1 ;
— 5[1 +Iz ,_,(1)
Now, = [(4+2x) y3—4x—x* dx
Let 3—4x-x*=t
== (4 + 200dx=dt
L= ~f~¥dt
|1|
= —J124f
3
w _§f2 +C1

2 2 3
~3E--22 4G i)
(v i=3-dr—x%)
and L= [vV3-dx-x% dx

= [y3H4=(F +ax+4) de

= 7= (x+2)* dx

= [YWTYE ~(x+2)%
ok (2 + 2N7P = (x+2)

e ;
(2 e

'=%(x+2}s!3 4x —x* + s [T;%Cz
{11}

From (i), (i) and (iti), we get

3
1= —§(3—4x-x2)2 +%(x.+2)m

7 x+2

I
2S-l:l.'l. (-\E )"I’C;
whereC=C+C; " Ans.

Three schools A, B and C organised a mela for
collecting funds for helping the rehabilitation
of flood victims, They sold handmade fans,
mats and plates from recycled material at a
cost of ¥ 23, ¥ 100 and ¥ 50 each. The number
of articles sold are gwen below :
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o Schboly 4 1B (o€

Hand-fans 40 | 35 | 35
Mats 50 40 50
Plates 20 30 40

Find the fund collected by each school
separately by selling the above artleles, Alsa
find the total funds collected for the purpose.

Write one value generated by the above
gituation. [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 &0
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
YX = [7000 6125 7875]
Herxe, the funds collected by schools A, B and
C are T 7,000, T 6,125 and T 7,875 respectively.
The total funds collected for flood victims
= (7,000 +6,125+7,875)
= ¥21,000

The above situation exhikits the helping nature
Ans,

of students.
SECTION ~-C

. LetN denotethesetof all natural numberns and R

betherelation on N x N defined by («, B} R (¢, @) if
ad(b + o) = bela + 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) Reflexdvity
Let (g, b}, be an arbitrary element of N x N
then, (2,b) e NxN
a,belN

= ab(b+ a) = ba(a + b)
= CeHR@YH

(@, iR (2. B) ¥ (@ B e N=xN.
(i) Symmetry: -
Let (2, b), (¢, d) bé ani drbitrary elementof N x N
such that W BR (D

21,

ad(t + ¢) = belp +d)
cb(d +a) = dafc + 1)
(e, IR (a0, b)
Sl R =D R@NV (@0 (6d e NN
50, R is symmetric on N x IN.
(iii) Trangitiwity :

J Ul

“Let (a, b), (¢, d), (e, f) be an arbitrary element of

N x N such that (g, b) R (¢, d) and (¢, @) R (&, /),
th'ETl( ,b:IR(C,Eﬂ

= ad(b + c) = belg +d)
s PEHE o 200
be  ad
11 1.1 .
= b+c = E+E (i)
A]-SD: (C,iﬂR{E;ﬁ
= cfld + e) = de(c + f}
d+e c+f
= £ e
de of
1 1_11 2%
= E+E = C+f we{i1)
Adding (i) and (ii), we get
1 4 M [1+1]+[1+.1.]
[b+c)+[d+e)_ a d c f
" 1.1_1,1
b e a f
5 v Ef
be af
= afib = €) = bela + f}
= @b R (ef

Thus, (7, b) R (¢, d) and (¢, d) R (¢, f) = (a. b)
R V@b deffeNxN
S0, R is transitive on N = N.
Hence, R being reflexive, symmetric and
transitive, is an equivalence relation on N x N,
_ Hence Proved.
Using integration find the area of the triangle
formed by positive x-axis and tangent and
normal to the circle x* + 4* =4 at (1, V3 ). [6]
Solution : The equation of the given circle is
¥ + y* = 4. The equation of the normal to the
circle at {1,+/3) is same as the line joining the
points (1,+/3) and (0, 0) which is given by
J_ 0

iR 0}

¥ - b’l (x 11)]
Xg —

y—0=

e
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= ¥= S {3)

$0, the slope of the normat is /3 .

Weknow that, slope of normal x slope of tangex}t
the slope of tangent = %

Now, the equation of the tangent to the circle at

{1, ¥3) is given by :

y—v3 = (-1
[vy-n=mlx-x]
= V3y—3 =-x+1
-x+4 .
= y= 7 (i1}

Putting = 0 in (i), we get x =4,

Thus, AOB is triangle formed by the tangent,
normal and the positive y-axis.

AY

Ryl

x2+3;r2=4

wY'

Now, Area of A AOB = Area of A ACC + Area
of A ACB.

2 fuly dx +j'14y dx

= 3xdx+jf(_':%4)dx
= ﬁf&xdﬁc—:%jlxdx+v,_

- le 1 124 4 1

RN
1 1(16 1) 4

= B0 H{F-3) e

¥3_15 12

"2 BB

ﬁ 9 I 3(

"B
24'_ sq. units.

f1ax

Hence, the area of the tringle so formed is 2v3

square units. Ans,

OR

Evaluate [3(¢* 2% + % +1)dx as a limit of a
ST

Su_lutiun : We have, _lEJ flx)dx
h—m D’(ﬂ]+ﬁa+h]+ﬂa+2h]+ A+ fla+

(n-1)R)]
b—a
where i
Here, a=1b=3
and fy=e>" 242241
T2
he=
A
= hn=2
Now, fla)y=FA1)
=g 1249
Ka+h) = f1+h)
= PR (112 e
fla+2h) = fll+2k)
= &3 Wy @ +20)? +1
fa+in-1k) = Ai+(n-11k)
= @SR L T P41
Adding these equations, we get

fimy +fla+h) +fla+20) +..+ fla + (1= 1)h)
= [+ 124 1]+ [ 0By (14 )2 4 1)
+ [ XU+ (] 4 20) 4 1] 4., + {00 DR]
+[1+(m—DAP + 1}
o R e x? +1)dx
!!J_Irah [ (34 g3, Sy g
+ E}lk [12+ (A +R2+ 1 +20)2 +.. + {1 + (n - 1))

Hm i +1+......
% h=»D (

]_unh{e xea.(lg—aﬂh)
1-¢—

+ Hm 2{1+ 1+ .. 7 times} 427 [1+ 243+, +(n—1)]

k=0
+h2 422 432 4+ (n—l)z)}

1 times)

L sum tox terms of G, P,

ali—Mm

+ Hm k(=)
fi—0 g =
1-#
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lf

hsl | 1 | R0

gy (= Dm(2n 1)]
6

fiidi h[——"_l{l” “ﬂs}]

B0 | -2

—1 -5 ey
Hm},{w}_,_ lim h[n+2hx(1-i-1)—n

+ lim A {n
)

+

lin [Zﬁh +{nh—h) nh+ (rh — h)ﬂz(%h = h):l

=0
lim "
= 1[1._..._1._]>( h—0
T e & 3 _ 4"
B 3% lim i 1
w0l 3k

+ lim [2 X2+(2-hIx2+
k—0

= 4 ‘,l—i _xi+[4+4+-3-)
el 8 3x1 3

= l[l_l}+§£ © Ans,

(Z—h)xz{?.xz_k):l
6

3e 36 3

22. Solve the differential equation :

(tan~'y -0 dy = (1 +y7) dx.
[5]
Solubion : Same as solution Q. 23 (OR)
Set 1. (Dutside Delhi) upto eq.
x=tanty—-1+ce N
Ans,
- OR
Find the particular solution of the differential
equation 3y e Y
x=0. dx 3ty
Solution ; Given, -j—i = ;2'?? (i)

which is a homogeneous differential equation.

given that y =1, when

Futting . y=ox
dy brit
d —_ = P+X—
an dx dx
P+E— = ox”
dr P2 +otx?
xd—tj gy 1B gy
dr  14+70%
= i il
dx 1+02
~1
= 1+Bzdv -

i
o

Now, integrating both sides, we get

= dt?+ldv = _—ldx
D. x

—3+1, ,
+1 = —log|x|+C
ETRLL 1 et
=L |2| = -log |x| +C
= T =-lo -
20° & Bl
= _—1+lug|vx| =C
20°
_.x2 -
E— _2+]_Og|y] =0 (-:y:vx}...(il)
2y
[t is given that ¥ = 1whenx=0
Putting x=0,y=1in i)
we gef, C=0
Putfing C = Oin (it), we get
log |y| = + iz
2
= =+ 2y log |¥!
Hence, x* = 2y log |y| is the solution of the
given equation. ! Ans,
].'EHI'IES :I:_‘l:y—l—:l=z'_:l Enﬂx_:;:yﬁk_f‘

2 " 3 4 1 2 1
intersect, then find the value of & and hence
find the equation of the plane containing these
lines, (6]
Solution : The coordinates of any point on first
line are

x=1_y+1_ z-1_,
X 3 4
ie, - x = 2A+1,
¥ = 3.—1,
z=4dh+1

ie, (A+1,3-14+1)

and the coordinates of any point on second line are

¥-3 _y-k 2

S Ral e

i.E-, X = p+31
¥y=2n+k
z=n

ie, m+3.2pn + k)

if these two lines intersect each other, then
2+l = pu+3 P -1=2Zn+kddt+l=n
1.8 2h-n=258%-2u=k+1,4-p=-1
solving, 24— = 2and 4k ~p=-1, we get
3

L= —andp=-5
5 |3
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24,

and substituting the values of . and p in 3L —2p
=k+1 weget

k=

M|

-3 A A A = A
Now, we have by =2i+3j+4kand b =i +
2}
2j+£.50,therequiredplﬂnecontajnsbothlines
and it passes through a point # (1, ~ 1, 1) and
— -+ =3 -»
perpendicular vector n , givenby, 17 =8 x by

TR
no= 234
12 1

A A M
= i(3-8)-j(2-4)+k(4-3)
A A A
= —Bi+2f+k
"Iheequaﬁonofplanepassingthmugh;and
perpendicular to  is given by
- - —F
{(t—na)n =0
—_ A A A A AA
[r—(i-j+k)]{(5i+2j+k) =0
—_ A A A A oA A A A A
= r{-5i+2;+&) ={i—-j+E{Bi+2j+k)
- A AoA
=  F(-Bi+2j+k)=—6
> -+ 3 =
Writing t = xi+tyj+zk
or Sx-2y-z-6=0. Ans.
If A and B are two independent events such that
P(EnB}:%andP{Aﬁﬁ]=%,ﬂ1mﬁnd
P(A) and P(B). (6]
Solution :Let P(A) = xand P(B) =y

P(A) = 1-P(A)=1-xP(B)=1~y

We have, P(A N B) = % and (P B) = %
2 >
= 2
PA i
= (A} P(B) s
2 [
= (1-xy = e (1)

Since, A and B are independent events so are A

and B as well as A and B.

s 1
Given, PAnB) = &
s 1
= PAPE) = =
1 .
= l-y) = = (i)
o
= ' b6y
Putting the value of x in eq, (i), we get
1 2
= o 2
[ 6—6y]y T 15
= =90y + 87y = 12
or 30y°-29y+4=0
Solving the quadratic equation, we get
.
VY=%5¥%
A
For ¥= E;usmg (i), we get
g U e
5 :
1
For W= 6 using (ii), we get
1 1
&= 1 =E
6‘—6}('6'
) = 2, P~
P(A) = 2. P(B) =
ik 1
or P{A) =E’ P(B) = s Ans.

Find the local maxima and local minima of
the function fix) =sinx-cos v, 0 < ¥ < 2x. Also
find the lecal maximum and local minimum
values. [6]

Solution : We have, (%) = sin x—cos x, 0.< x < 27,

= fix) = cosx+sinx
For local maximum or minimum, we have .
= Fix)=0
= cOsx +sinx =0
= COSX = —3inY
= tanx = -1 .
3n n
b x =. I DT X = T |
Thus, x=% and x= I'%E are possible points of

local maximum or minimum.
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d 3
We have, fila) = E(maxrksmx)
= -ginx +;::os:r
At x¥= -?;E,we have
f"[a—“Jm i e ™
4 = yiyl oS 4
1 1
v e Gl
[ 3%
= f (4 ] <0
3n 3 y
So, e is the point of lecal maximum.
Local maximuam value
3
- (%)
o, O 3n
4 4
1 1
= ‘—‘+—:-\fi
NN
7
At x= TE.- we have
f”(?—ﬂ o ot e
4} 4 4
1 1
= —+ ==
d _ ‘MIE E JE)U
R
So, 2= <, is the point of local minimurn.
Local minimum, value -
n
- %)
7a_ .78
- 4 4
1 1
= ——=—-—==-~2. Ans
V2 2
26, Find graphically, the maximum value of z = 2%
+ 5y, subject to constraints given below ; [6]
x+4y <8
+y=6
x+y=4d
xz=0 y=0
Solution ; We first convert the inequalities info
equations to obtain lines .
2x 34y =8 (i)
3x+y=6 -.{if)

r+y=4 (i)
x=0 ’
and y=0
We need to maximize the objective function
= 2x+ 5y
These lines are drawn and- the feasible region of
the L.P.P. is the shaded region :
; :E : i'i, ! . ? ! ! + '! -
N ‘i =
= ﬂ H ':: TER
= s, 'cl: :
r:[ i = l 1365112) HEH
et Fis ff‘%i'i Zi
=Sizia: i
1
S :
FSE [ woal: 3
: k SEER I
Y Llh. i H
i : g
= i Sy
== ' Rimias S e

‘The point of intersection of (i) and (it) 5B (1.6, 1.2)

The coordinates of the cotner points of the
feasible region are O(0, 0), AL, 2), B (1.6, 1.2}
and C(2, 0).

The value of the objective function at these points

are given in the following table :
Corner | Value of the objective function
Poinis z=2x+5Y
Q0,0 2x0+5%x0=0
A0, 2) 2x 0+ 5x2=10maximum
B(16,12) | 2x1.6+5x1.2=92
C2,0 2x2+5x0=4

Ot of these values of z, the maximum value of
z is 10 which is atteined at the point {0, 2). 'I‘hus
the maximum value of z1is 10.

| All questions are same in Delhi St II end Set 111 |




