Mathematics 2019 (Outside Delhi)

SET 1

Time allowed : 3 hours

General Instructions :

{i) All questions are compulsory.

{ii} The queston paper consists of 29 questions
divided into four sections A, B, C and D, Sec-
Hion A comprises of 4 questions of one mark
each, Section B comprises of 8 questons of
two marks each, Section C comprises of 11
questions of four marks each and Section D
comprises of & questions of six marks each.

(iii} All questions in Section A are to be answered
in one word, one sentence or as per the exact
requirement of the question.

{iv} There is no overall choice. However, internal
choice has been provided in 1 question of Sec-
tion A, 3 questions of Section B, 3 questions of
Section ¢! and 3 questions of Section D. You
have to altempt only one of the alternatives
in all such questions.

{+) Use of calculators is not permitted. You may

ask for logarithmic tables, if required.

SECTION-A
If A is a square matrix satisfying A’ A = I, write
the value of |A]. (1l
SolubHon : Given, A'A=1T
Then |A’A] = [T
= A 1Al = |T]
= |ATA] = [I]  Lw[A7] = [All
= a2 =1 [T =11
= [a] = =1 Ans.
Ey:x|x|,ﬁnd%fmx<0. (1]

Solution: Ify = x | x|

‘Then,
-x* x=D
¥y = x° x>D_
d_y = —2x b {0 Ans
e when x < é

Find the order and degree (if defined) of the
differential equation

:11:4_1{&:) szln [ ] [1]

* Angwer 1s not glven dm; to the change in present syilabos.

Maxirnom marks : 100
Solution
4’ £y, x ( ] =222 log d?y
e d?
Order of this equation is 2.

Degree of this equation is not defined. Ans.
Find the direction consines of a line which
makes equal angles with the conrdinate axes. [1]

Solution : Tet the direction cosines of the line
make an angle s with each of the courdinate axes
and direction cosines be I, m and #.

Sl=cosq¢g m=coscand i = Coso

Pipent =1
ma"‘u+cnszu+cnszu_=1
= Jooso = 1
, 1
= cDa G S
= ccsa—+L
o
1 1 1
The direction cosines are +T —Ir- T

Ans,

OR
A line passes through the point with posibion
vector 2?—3‘+4i and is in the direction of the
vector i + § — 2k, Find the cquation of the line

in cartesian form.
Solution :

The lire passes through a point (2, — 1, 4} and has
direcHon ratos proportional to (1, 1, - 2).
Cartesian equation of the line

_xI-;_y-y_x-y

a b c
-2 y+1 z-4
= = = Ans.
1 1 -2
SECTION-B

Examine whether the operation s defined on R,
the set of all real numbers, by ax b= ‘faz + B

is a binary operation or not, and if it is a binary
operation, find whether it is associative or
not** [2]



i 2 1 .
6 IfA= {_1 1},.shuwt[mtm«-zn|[¢eIL—3I)=ul.[2] = 5(x+1}43—2x—x2
o oog X+
Solution : Given, +2 sin 1u+c AII.B.
5 T4 27 s [1 0] 8. Find: . .
Tl el g jrzes, .
4 i0 sin” xcos" x
A-2= | 4 4 -2[['-' 1] Sclution :
L s sin3x+ms‘3xdx
| 2] _[2 0] het L= j sin? x.co8% x
:'1 1] 1o 2 J- sin® x dx "'f cos® x i
- 2 2] sin? x.cos? x sin? x.cos? x
e |
- - J- mn:r&!I J—casx
% gr 4 2]_3[1 U} cos? ¥
-1 1 01 = fhnx.secxdx+_fmtx.cosecxdx
= 4 2],[3 G] =8eC X~ (DBECX +C
-1 1 o3
:1 - . : '.-Jtanx.secxdx=secx
= -1 -2] . andjcdtx.oosecxdx=-cbsecx
Then, (4 —2I) (A~ 3D) Ans,
I 2 2[ 1 2] OR
1S5 ) | S g
p i Find :
_ I(x 1?
= g g] =0 Hence Proved Solution ;
—— Let, I= [-X22 5% dx
7. Find: [v3-2x-2dr. 2 (x~1)
; x—2-1
Solution: Let] = f\i'3-2x—x2dx I[x 7 e* dx
= [ -(x®+2x-3) dx w T -2
(x-1°

= [J-Ge+17? -4] v

& j,f—(x2+1+2x—-3-1]dx

x-1 2 "
I[(x—l)f" '(x—l)ﬂ}’ *

= Jyfa-(x+1)? dx 1 2 |,
= =t Lo
= fy2-(x+1)? ax =l =
d| 1 d -2
2yt , | —= |2 -1 e 2 =18
!j 2~ xldy =12 zx +§sin'1(£]+c] Here dx[(xﬁlfl dx( ' A
a : -2
) Then, = 1)
= S+l 4—{x+1? We know that, _
+gant () [1fe)+ e = aye
2 Them from equation (i), we have

,_.
1

- 1 2 .. &
J'\JZI—(x+1]2d.r 2 fl(x_lf 2 (I_l)ﬂ-]e dy = (1_1)2 +C Ans.



Find the differential equation of the family
of curves ¥ = Ae®™ + Be ™, where A and B are
arbitrary constants, [2]
Solution : Given,y = Ae™ + Be™ (@
On differentiating equation {i) w.rt. x, we get

dy 2 2 i1
L = 2Ae™ - 2Be (i)
dx .
Again, differenBiating equation (ii} w.r.t. x, we get
dzy' Ix —1x
=4 (A" + B ™)

2
A icy 4y =0 is the required differential
equation : ANB,

— Ly ’.l ~
10. If |#|=2 |b|l=7and # x b =3i+2J +6k,

find the angle between # and b . [2]
Solution : Given,
|—>| —;| R A A A
b =7and(n ® b)=3_:'+2j+6k
- -

- Angle between @ and ¥ is given by

- =
axb

[ [2]
(3% +(2F +(6)°
Jag =7

sinB =

sin@ =

(i)

]

B —
Then,. axb]

= sinB=

OR
Find the vn]uma of a cuboid w‘hose edges are
gnrenby 3: +'.'-'.71 +5k —5: +7! —3k and

7’: —5J - Sk
Splhation !
If @, b, c are edges of a cuboid.

- = =
Then, volume of cubpid = 2.0k % ¢}
Here,
~33+7]+5k
M A M
~5i+7j-3k
Fas Fa Fi
7i+bj-3k

Bl nl
LE I

1l

Then,
Fal M o~
i f k
S T -
gbxe} = ¢ I D
-5 7 -3
7 -5 -3

= —3(-21-15) =7 (15 + 21) + 5 {25— 45}
= =3 x(~36)~7 x36+35 x (—24)

=108 -252-120
= — 264 cubic units Ans,
11. If P{not A) = 0-7, P(B) = (7 and P(B/A) = 05,
then find PIA/B). [21
Solution :
Given, Plnot A) =
P(B)= 0.7
and P{BfA) =05
We know that
P(A N E)
P(B/A) = —————
(B/A) PLA)
G F(ANB)
T 0.3
[ P{not A) = 0.7 then {A) =107 =0.3]
= F{A N B) = 0.15
Also we know,
P(ANDB)
P(A/B) = )
0. 7

. A coin is tossed 5 times, What is the probability

of petting (i) 3 heads, (i) at most 3 heads? [2]

Solution :

; 1
Here, n =35, p:% and f=7
We know that,

P(x) _ ITCprqﬂ“I

il

5¢, [l)r [1)54
2 2
(i} For 3heads, x =3 '
Than, the probability of getting 3 heads is

o= o3
AN
5Cs [%)5

Il



2xt3 L2

o
10[1] &
2

5x4x:3[1]5

Ans.

16
(ii) Probability of getiing at most 3 heads is

Pix < 3) =P{O) + P(1) - P(2) + P(3)

1 i)
-}
..
= 82

P = 5(:1(

Then,

P(2) = 5C2[

paf= = R

by
=
]
g
—_—

OF.

Find the probabilty distributicn of X, the
number of heads in a simultaneous toss of two
coins,

Solution ;

If we tuss two coins simultaneously then
sample space is given by (HH, HT, TH, TT)

Then probability distribution is,
X(No. of heads} 0 1 2
P(x) i T2]a
4 2 4
Ans.
SECTION-C

. Check whether the relation R defined on the set
A={1,23456lasR=o{la, b)tb=a+1]is
reflexive, symmetric or transitive, [4]
Solubton : Here, R = {(z, 5) : b =2 +1}
R={aad+l):aa+1e(,234586)]
() Risnot reflexive as (g, @) & R¥a

{(if) Risnoteymmetricas (1,2}sRbut(2, )¢ K

(iif} R is not transitive as (1, 2} & R, (2, 3} € Rbut
{(.,3)2 R

=

OR

Let f+'N — Y be a function defined as
fy=4x+3,

where Y={y e N:y=4x+ 3, for some x ¢ N}

Show that f is invertible, Find its inverse.

Solution : Consider an arhitrary element of Y. By

the definition of ¥, ¥ = 4x + 3, for some x in the

dormain N.

~3
This shows thatx = 2

4
-3
Defineg: Y > Nbyg () = yT
4x+3-3
Now, gof () = g (x)) =gld x+3) = ——=x

-3 Hy—-3
and fog 0 = e =A{ )= 22 15

=y=-3+3=y

- This shows that gof = Iy and fog = I, which

14,

implies that fis imvertible and g is the inverse of {.
Hence Proved,

-3
- Inverse of f = g(y) = 5-5— Ans,

Find the value of gin [cus"‘l %Jr tan™* E) 4]

3
Solubion ;
s.in[cos‘l. %ﬂan‘l %]
= s:.n.[-:(:s“1 —g—— tan %J
= Em[tan‘1 %+tan_1 i)

I

sin

S 12
sin (tan17/16)

17
o)
Sm( 6

L}



15.

) On applying Rg - Rz - R], we get

Jazs
{17 1 17 )
'..'tﬂﬂ
[ 6 325
—1? Ans
7325 '

Using properties of determinants, show that

3a —a+b —-g+c

~b+a 3 —b+c =3@+b+oifab+be
-c+a —-c+b 3¢ -+ o)
(4]
Soluton ;
3a —g+b —a+e
LHS =|-b+2 3b -b+c
—c+8 —c+b 3c

On applying operation C; — G + Co + C3, we
have

3a-a+b—a+c —a+b -a+c
= [-b+a+3b-b+c 3b —k+c
—+a~c+b+3c —c+b  Be
a+b+c —a+h —a+ec
= la+b+c 35 -b4c
at+b+c —<+b 3¢

l —a+b ~a+c
@+b+c) |l 36  =b+c
1 —«+b 35 _

Again, applying operations R; — Rj ~ K3 and

 Ra— Ra~Ry, we get

0 —-a+e —a-2¢
=(@+h+o) |C 2b+¢ —-b-2c
l —c+b Ac

0 —~ag+c —g-2¢

={@+b+c) |0 2b+48 —-b+a
1 —c+h 3c
Expanding about C;, we get
_ —-a+c ~(a+2c)
=ltbro 2b+a a-b

=@+b+o)le—aa—b)+ @+ 2) (28 +a)]

= (g+btc) [ac —bec —a* + b + 2ab + 2* + 4Fc + 2ac]
=+ ¥ +c) [3ac + 3be + 3ab)
={@+b+c)x3{nc+be+ ab)

=3a+b+)lac+be+ah) =R H.5
HmcePrDﬂds

16. Ifx l+y +y-f1+x=0and x # y, prove that

1
%=_{x+1]z' o
Solution !
Given, r f1+y+yfl+x=0
= xJl+y=-yfltx
On squaring both sides, we get
= 2l+y) =y (1+x)

= P+ = Yy
= 2rxly-yP-Pr=0

= 2= +xly-yx=0

= 2o+ y-yPx =0
=X-1E+rN+ayx—P =0

= (- [x+y+xy] =0

= X +y+xy=0 [ a=y]
= mo (i)
Y=~ 1z
On dxffermtlatmg equation (i) w.r.t. x, we get

[1+x)d( %) ~{-x )- {1+x)
(1+ x)?
A+~ D+ 2D

1+ x)2
=l—x+x

(1+x)

=
1+ )2
LHS= RHS.

OR

If {cos x)¥ = {gin g, find % .

Rl

]

Hence Proved.

Solution :
Given, {cosx)¥ = [gi_n Vil

On taking log on both sides, we get
ylog (cosx) = xlog (siny) {1)
On differentiating equation (i) w.r.t. %, '
:yxa ﬂugcosx)+lngcos:rf—é
= log sin y% + x%'(lc:g siny)

a4y

= yx lx(—sinx)+logmsx
cosy dy

-10gsmy+x 7 =



17.

dy

= ~ytanx+'%logcosx=logsiny+xcotya

= % (log cos x — x cot i) = log siny + y tan x
x

dy_ log sin ¥+ y tan x

dx
I (x~a) + (y— b=

log cbsx—xcoty Gl

cz, for some ¢ > 0, prove

3/2
H }
that ~—————-—is a constant independent
&’y

dxz

of g and b, (4]

Solution ¢
I (x—a’+y-b? =7 >0 (@)
On differentiating equation (i} w.r.t. x, we get
dy
2(x—a)+2(y-M o 0

B
=5 x~a+(y—b)dx =0

dy _ (z—a) 2
= I (y—b) ..{ii)

Again, differentiating equation (ii) w.r.t. x, we get

4 d
dz_y=_ (y~b)d—x(x~u} —{x —a)aty—b]
dx? (y-b7

[(y BY— (x - a)dy/dx}

[y~ (x a)dyf ]

(y Er)+(x H][I - a)

(b‘b)

l:fmmequamn (it), di" g ;q
L= —a)
(y—b)7 + =

(y-b)

| y=b +(x-a)
B -b°

. cz
o le-w?

[~ From 'equation (W), (x—a)? + (- 3}2. =c]

3.2
ﬂ 2
[] +[ dx] ]
e
&7
' 3/2
P
(¥ by

cZ

(y -y »
[Pt x(y-5)
(y_b']ZXEv,er KL’E
[y=27 + -2 " x{y~0)°
- {y—bP xc?
(-0 + - [

CE

_C2><3f2

Mow,

I

I
ra

[+ =ty—b +(x~a)]

|
:
E

1t shows that

aand b
Hence Proved.

18. Find the equation of the normal to the curve
¥ = Ay which passes through the point (-1, 4).[4]

Selution ;
Suppose the normal at P{x;,1) on the parabola
x% w4y passes through (- 1, 4)

Since, P(xy, y1)} lies on x° = 4y

x =41 weeli)
The equation of curve is ¥* = 4y
Differentiating with respect to x, we have

dy
A = 4a‘x



dy x
a dx 2
> (Ez] _n
i [EST5% z
The equation {x3, y1) of normal at P {x, y1} is
-1
Y- = gy )
dx
' 2 .
Y-y = {rx) (i)
1

-+ It passes through (- 1, 4),
.~ Putting x=—1 and y =y, we get

-2
4-y = ?(—1“%3
1

2
d-1 = }—ﬂ +1)

1
dry =z = 2+2%
2%, =2 + 2017

21, -2
= y'l
T

Eliminating 1 from equation (i}, we have

2y, -2
=4 (%)
1

¥ =8 -8
= n==2
Putting x,
Putting values of x1, 1 in (i), we get

y=1= -1lx-2}
x+y-3=0

Which is the required equation of normal to the
glven curve. Ann,

14U

=21in {iii), we get 1y =1

J- 2 rx+l
(x+ 2} +1)

Solution :

19. Find 4

j |
(x+2[x +1)
By partial fractions
L+l A
= +
x+2(x*+1) x+2
Prx+l= AP+ +Br +C(x +2)

Let,

Bx+C
x+1

= Ax?+A+ Bx? + 2Bx + Cx + 2C
2ixtl=2(A+B)+x(2B+C)+A +2C )

On comparing coefficients of equation (i}, we get

1 =A+B
and I1=2B+C
On putting x = —2In (i}, we get
(2P + = +1=(-2%A+A
3=4A+ A
L.
B
3
Then, Ti= E+B
2 1
B= 5 and C= =
2 1
e e P rxal 3 5-x+-5-
i T5x+2)
Then,
j(.1:2+:c+1)d.r .3 _[
+2{(x*+1) 5 x+2 IZ+

+'—J{x1+1) dx
]
__loglhzi jx +1 J-:c2+1'

=§lcg|x+2| +§ log|x*+ 1] + Eta.n'lx+f:
Ans,

20, Prove that :T fla)dx = T fla—x)dxand hence
0 D

2.
evaluate [ —% —_gx, [4]
p BIN X+ CO0SY
Solution :
RHS. = [fla—x)dx
b
Let g—x =
o ki dﬂ.,for r=0,7=¢
dx
x=a,v=0
Then,
C
RHS. = [ flo)-dv)
a
(]
= = [ floxdo)
i
2]
= | flo)tin)
a

il /
[j fleddy = fndx
# B



Now, replacing v by x,

= J T 4
I 7 sin(—i-x)ntcos[i—x)

| florx= _ﬁ[f(a = x)a’x}

T
——x
2

I=

w2
i cos x+s5inx

a

ax

Adding equations (i) and (i}, we get

sect —dx
q

37 x+g—x
= R
2 = £Sh1x_+msx
n2 -TI:-
2l = -#dx
o #SIN X +008 X
E'”I_l_
M= 5 3 Sin X +Cosx
. E:fz 1
© 2, 2mnxf2  1-tan’x/2
1+iar|2x_,r"2 1+tanx /2
a2 Ldans o
¥ 2 dx
2= 2 x 2 X
2tan —+1-tan” =
. 2 2
riZ 2
2] = EJ‘ 7 Secxfz dx
2 p —tan ¥/2 +2tan x/2+1
X
Let, tan — =t
2
; d
Then, %[tan%} = E(ﬂ
lseczid_-x
pSeC p dx = di
2 ¥ i = 2

L]
= [flaydx
s
[ a2
"Hence, I flx)dx= I f(a—x)lx Hence Proved.
0 d
w2 e
Now,Llet 1= | ——— gk
0 S5MLX +CcOsX
: n
wz e A
2 dx

(ii}

dx

21.

Alkp, * =0

= bF=tan (0 =10

and x = r/2

= f -tann,-'4~1
_J' t2+2f+1
‘f[ +2t+1
1
‘[—(tz-z.t—

% -.-:j —[[t 1)2 Z
at

V21|
|¢E—r+q

i ! ogl- log ]]
2 J_ 1

{

[l
o )
{

=M* 1 lo
W) E

2 2
+1J
= J—+1}
= 2ll:)g -J'_+TL |
= 4J_log[J§+1)
s %log(ﬁ +1) Ans.

Solve the differential equation :

W .y ytan(? |
X =7 xtan(xj [4]

Selution :
e
Y o= pyextan | =
Given, X I ¥-x -
]-_:E't,. ¥y=1uv x .
dy do
Then, b =
n % T+ X Te
i



du
= Y| p+x—|=xir—tanp
(2+2)+to-tano
= J:v+x2d£—:rv-xtanv
dx
Friel
2
X —=—-xtan ¢
= T ?
= x%=—mnv
ido dx
= == —
tan ¢ X

Then  [cotvdy e J’%

logsinv=-logx +loge

\ ¢
= log sin v=log —
x
= Sjn_y.=£
X x
= xsin—ysc Ans.
X
DR
Solve the differential equation :
ﬂ=_[m
dx 1+sing
Solution :
5__-_[x:—yc05x]
dx 1+sin x
iy x ycosx
= T —— -
dx l+sinx 1+sinx
! d_y+ yeosx _  -x
dr 1+sinx 1+sinx
cosXx '
Here ,P= T and (} = l+sinx
Then, IF = 7"
' _oosx
— 1+&inx
— plog[l+sinz
=1+sinx
Then, yxIF = [Q%IF dx+c
y (14 5in %) = f”SiMxtHsinx)dx
= J'—xd.x

y{1+si.nx]=T+c Ans.

s a

22. The scalar product of the vector 2 =it i+ I;

with a unit vector along the sum of the vectors

BP=2{+4] 5k and c=Ai+27 43k is
equal fo 1. Find the value of A and hence find

the unit vector along g+ ::} [4]
Solution :
- o Fal ™~
Here, @ = i+ j+k, u Is unit vector
— A A A
b=2i+4f-5k
— ~ -~ N
¢=Ai+2j+3k
—¥ — A A A
b+c=(2+40)i+6]-2k
Ajfs6real
2+A)iraj—
Then, dy_ (2+A)i+6]
J@+AY +36+4
-5 A
Given, an=1

[?+'}+E]. (2+R)i+67—2k y

,j(2+l]2 + 40
= (2+0)+6-2= J(2+2F+40

A e
T Gk

= @+n+4= J2rAP 40
= ht6= J2+1Y+40

On squaring both sides, we get
(6+AY =2 +2%+40

et

tma_la
i

=
o>
Comlt
n

—

| S

= 36+A7+ 12 =4+ A%+ 42 + 40
=36+124-4-4) -4 =D
= BA—8=0
— ra=1
e i | A M S
Then, btec =(2+M)i+6j+-2k
A rat ~
=3i+6j~2k

ot A rS A
=+ =Y. 3i+6j-2k
unit vector alo Do [HE B S
ng[ ] I+36+4
3i+6j-02k
Y4
- A A A
_3iraf-2k

Ans,
? 3



3.

f the Tines *-1.#-2_ 2-3 ad
3 2. 2

x-1_y-1_ z__ﬁ are perpendicular, find the
3 2 -5

value of 3. Hence find whether the lines are
intersecting ar not. [4]

Solution :

The equation of the given lines are,

x—1 -2 =z-3 dx—]_y—l_z—ﬁ
Rl e TR
If these lines are perpendicular, then

A1 + B + 0102 =0

= —AxM+Dx2+2x(-5 =10
= -9 +44-10 =0
= -5 =10
= Ao=-=1

Nuw,me]fnfsare

¥-1 y-2 z-3 an 1-1=y—1=z—6
-3 - 2 —6 2 -5

The co-ordinates of any point on first line are
given by :

¥x-1 y-2 =z-3

-3 =4 2
cor r—-l=-3=x=-30+1

y-2 = —do= y=—da+2

-3 =20=>z=20+3
S0, coordinates of any point on this line are,
{-30+1, 4o + 2, 2x + 3).
The coordinates of any point on second line are
given by :

=0

x-=1 -1 =z-6

% =y2 =5 P
ot -1l=-th=x=-6f+1

y-1=2p=y=20+1

z-6 = -Af=z=-00+4&

So, co-ordinates of any point on second line are
—6f+1,2B+1,-5p +85).

If lines intersect then they have a common point.
5o, for some value of @ and B, we have

~3u+1=-6+1
-3a=-6f
o=2p
—4a+2=28+1
—-d0+1=2p

llﬁllll

On solving, we have
1 1

o= g,andﬁ:ia

The values of o and f do not satisfy the third
equation. Hence, Unes do not interecet each

other. Ans,
' SECTION-D
13 4
24. HA=|2 1 2| find A™ [l
511
Hence solve the system of equations
x+3p+4z = B
Zx+y+2z =5
and Bx+y+z =7
Solution :
13 4
F . aA=|212
511
[A] = 1{1-2)=3(2-10) + 42-5)
= 1120
Then cofactors of A are

Au=—LA12=8,A15=—3,A21=1,A22=——19,
Agg=14 Ay =2 Ap —6and Az =-5

- T
An Ap Ap
Then,adjA= (A, Ap Ay
Ay Ay A®
rey g 3]
= 1 -1v 14
| 2 6 -5
(-1 1 2]
adis=| 8 -19 6
-3 14 -5
Now, Al= iﬂdiz‘!L
’ |A]
i -1 1 2
= T 8§ —-19 & iy Ang,
-3 14 -5
Given system of equations are
x+3y+4z = B
Bt+y+22 =5
Sx+y+z =7
1 34 4 8 x
let A= |2 1 2[B=|5| andX=|y
511 L z



Then, AX =B
1 3 4 8
21 2|X=|5
511 7
13 47'[s
=2 5
b He A4, 7
-1 1 bALE:]
=% 8 -19 &|| b
-3 1 -5||7
[Using (ii) equation]
" —B4+35+14] " 11
='ﬁ' 64—95-1—42 -_-]— 11
|—24+70-35] 11
1'11
X=—11
11
11
x 1]
¥l=|1
z 1,
Hence, x=1, y=1, z=1 Ans,
OR

Find the inverse of the following matrix, using

elementary transformafion :

20 41
A= |51
D1 |
Solution : i
2 0 -1
Given, A= |2 1
1 3
We know that,
AATY =
A=TJaA
2 0 1 100
5 1 0|=j0 1 DJ|A
01 3| {001

On applying Rz — R3 + 3 Ry, we get

2 0 -1 100
51 0|=|01 0|A
6 1 0 001

11

Applying Ra — Ra—Ro, we get

20 -11 1 00
51 0|=[0 1 0|A
10 0f |3 -11
Interchanging R; <+ Ra, we get
1o 0] 3 11
51 0(=|0 1 0lA
20 -1 [1 00

Applying Rz — Rz - 5R; and Ry — Ry~ 2Ry,

we get

10 0O 3 -1 1
01 0l={-15 6 -5H|A
00 -1 - 2 -2
Applying Rz— (-1) Ry, we get
1 00 3 -1 1
g 1 0|=|-15 6 -5lA
901 5 -2 2
Hence, the required inverse of the matrix is
3 -1 1 .
—-15 6 5 Ans,
5 -2 2

25. Show that the height of the cylinder of maxi-

mum volume that can be inscribed in a sphiere

of radius R is %X, Also find the maximum

A

wvolume. [6]

Solufion
Let, “x” be the diameter of the base of the cylinder
and let ‘%' be height of the cylinder.

¥ Y

e y—P
Q

4

/R
& - B
In AABC, we have

(BC)? + (AB)* = (AC)*



=

-

1+ x* = (2RP
£ = 4R? -
Volume of cylinder, V = m* It

2
V:mx(g) xh

Vemnx E % h
2 2
V:Mxh
[Using ()]
v o FRIxE whH
4 4
Vv = TR’ 'nha i
= = ? N (11)]

2

i)

On differentiating equation (i} w.r.t. i, we get
gv  d{mhR - /4]

=

dk

dh

o3 %

ﬂRZ

-

il

L]

I

I'h-‘ﬂ

|
i~y

£

LR
B

4

_ 3mi’

_ g2 ) _mdic)

dh

—rd _ Fennd
_—11:1?. _4(311}

W3
|

I
[
L

i)

Again, differentiating equation (iii) w.r.t. k, we

get

ﬁni ngz___amz
dwt  dh 4
dry 3
W—ﬂ—zﬂxzh
d°v _ 3mh
a2

Ath= gfﬁmhﬂv&
3

Vv -3nfIR

b
= _J3xR

dz_v «(

dh*

)

2R
Herwe, h= BB is a peint of maxima,

So, ¥ is maximum when ki =

3

2R

12

26.

Henwce, the height of the cylinder of maximum
volume that can be inscribed in a sphere of

radius R is E Hence Proved.

V3

From (i), we have

x? =4R2;h2

= a2 = AR (%]2

_ 8po
= 2= 3R
. Maximum Volume of cylinder

2
n[f) *h
2

2
ax X wh
4

Il

Il

iz

Hg:rzh

n 8R? 2R
W —0ux

"4 3 A

3
L Ans.

33
Using method of infegration, find the arca of
the triangle whose vertices are (1, 0, (2, 2} and
@, 1. (61
Solgtion :
A(1,0), B(Z, 2) and Ci3, 1)
Y

3
B B(2. 2)

" L =

w of 1 2 3 4 X
Y.’

Let A(1, 0), B(2, 2) and C(3, 1) be the vertices of a

triangle ABC.

Area of AABC = Area of AABD + Area of
trapezium BDEC — Area of AAEC

Now, Equation of side AT,
. S i & o
LA A r;—x1[x x)
y—0 = 2{x~1}
¥ = 2{a-1) walli}
Equation of line BC,
1-2
-2 = == x-2
y 55 =D

y—-2 = _T](x_z)



¥-2 = —(x-2)
y=2-(x-2)
¥y = 4-x wlii}
Equation of line
0 - u(x 1)
y=¥= 33
1
¥y-0 = 5 (x-1)
1
y = 5("—1} ...{ii)

Hence, arca of AABC
2 3 3 1
J; 200~ Dz + [ (4 - xpdx - |, —"2

3 2 ;P 2 3
2[%-::1 +[4x—£—] —1l£—x:['
5 2], 2|2
2z
2|| 2

1

(=]
IR
ha | =
L S

+
[ 3 R4S

|

[y

|

OR

Using method of integration, find the area
of the region enclosed between two circles
Fry=dand k-2 +y*=4.
Solution :
Equations of the given circles are,
Lryt=4 (i)
-2+ = (i)
Equation {i) is a circle with centre O at the origin
and radius 2. Equation (ii} is a circle with centre
C (2, 0} and radius 2.
Selving equation (i) and (i) we have
(-2 +1f = 24y
-dxtd+yt =ty

orx=1whichgivesy= 4 /3

or

Thus, the points of intersection of the given
circlesare A (1,3 Jand A’(1, —+3)

13

27.

Required area of the enclosed region QACA'O
between circles

~ 2 [area of region ODCAO]

= 2 [area of region ODAQ + area of region
GCAD]

: i yir + i’ ydx]

I A ars [t ~ 2 ferom )

i%{x—z)m +%>< 451'11“1(%2)]:
eaf Lrfi = Lo g[

[(x ~2Ja-(x-2) +4sin! [’%2]]:

+ [:c W +45in~ %T

1
=[—J§ + Asin~! [_71] — 4sin’(- 1}}

1l
b

+|:4sin"1l—\."5—45in'l%}

- [(—Jg—4xg)+4xg]+[4xg—~f§—4xg]
8 .5

Find the vector and cartesian equations of
the plane passmg I-.hrough the pomts hmung

L

pnmuunvectm's : +_;r —Zk 2:—} +k and

Ans,

:+ 2} +k Write the equation of a plane
passing through a point {2, 3, 7) and parallel
to the plane obtained above. Hence, find the
distance between the two parallel planes. [6]
Solution Let A, B,C be the pmnts mth posztmn

vecforsz+}-2k 2!—j‘+k and1+2}+k
respectively.

-
Then, AB = P.V.ofB—P.V.ofA
.3 M M~ .3 M .3
= [2:’—j+kj—(:’+_j—2k]
.l Fa Fid
= i-27+3k
and Be = P.V.of C—P.V. of B

1]

(F+27 48)-(ai-7+3]

~T+3]+0k



=

=

A vector normal to the plane containing peints

A, B&Cis
—> b d —*
n = ABxAC
A AoA
i ok
- 30
A A
= ~97-3]+k

The reguired plane passes through the point
—* s
having position vecter g = i+?_2£ and
L3 M el
is normal to the vector —9i —3j+2k. So, its
vector equation is,

-+ 2y
r=at.an=0
- =3 = =
*r.n—a.1n =0
-3 ¥ -3 —
r.H = f4.n

‘j7?+P9?~3?+§ﬁ4§+?+zh{—9?~3}+£)

=¥ Fi 3 LS
S P (=9i-3j+k)=~9-3-2

fa A A M
=7r.(-%i-3j+k)=-14

This is the required vector equation of the plane
The carfesian equation of plane is given hy
A A A AL A A
(i+yj+zk).(-9i-3j+k)=-14
- n-Jy+z=-14
9r+3y-z=14

Direction ratios of this plane are {9, 3,- 1)
Then the equation of plane parallel to the ahove
plane and passing through (2/3,7) is -

= afx—-x)+bly-y) +clz-21)

=9x-0+3y-3)-1=z-7)
= Ox+3y-z-20=0
This is the required parallel plane.
Then, Distance between 9x + 3y —z + 14 =0 and
9x+3y-z-20=0
Let P{xy, yy,21) beany pointon 9x + Jy—z + 14=10
Then,

9x1+3y1—21'—-1:1.= 0

Let d be the distance between planes. Then,
d = length of perpendicular from P(xy, 11.21) to
9% +3y-z-20=0

P 9% +3y; — 7 — 20 ‘
Jor +(3F +(-17|

14

+14—20}

7T |

)
= ﬁ units.
OR

Find the equation of the line pasing through
{2, -1, 2) and (5, 3, 4) and of the plane passing
through (2, 0, 3), (1, 1, 5) and (3, 2, 4}, Alsg, find
their point of intersection.
Solution :
We know that the equation of line passing

through peints (xy, y1, z1) and (X, Yo, 22} is given

1l

Ans.

by
=4 ¥ 2%
=% Y~ &-%
So equation of line is given by
x—-2 y+1 =z-2
= 3 4 . 2

Now, equation of plane passing thfough points
(2,03), {1,1,5) and (3,24) is given by
¥=m ¥-h
X2—% Ya-thh B4 =0
Fymdy Yamly SEymay

Z'*Zl.

x—3d y-0 z-3
-1 1 2.l =0
E 2 1
S -3 -y-1-)+-3-2-1) =0
= -3r+6+3y-3z+9=0

= —x+y-z+5=0 (i)
This is the required equation of plane.
Now, ]
x—-2 +1 z-2

ket 3 .=y4 =k

r=3+2

y:lﬂ(—]

z=2k+2

Un putting these values in equation (i), we have

~Bk+ ) +ak-1-(2ZKk+2D+5=10

= —3k-2+4k—-1-2t-2+5=20

= —2%=10

= k=10

Then, intersection points are
x=3k+2=2,
y=4k-1=-1,
2=k +2=2

.. Point of interaction is (2, - 1, 2)



28. There are three coins. One is a two-headed coin,
anotheris abiased coin that comes up heads 75%
of the time and the third is an unbiased coun.
One of the three coins is chosen at random and
tossed. If it shows heads, what is the probability
that it is the two-headed coin? [6]
Solubon : Given, there are three coins.

Let, E; = ¢oin is two headed

E; = biased coin
Ez; = unbiased coin
A = shows only head
1
Here, P(E;) = P(Ej) =F(Es)= -
'I'henP[i)=1
E;
i = .E-: E {given)
E) 10 4%

Now, Probability of two headed coin
P(E1/ A)

B P(E)P(A /E,)
= P(E,) % P(A/Ey) + P(E;) < P(A/ Eg) + P(Es)
» P{A / )
1 N
%1
» 3 1 _4
T 1 3.1 1 4+3+2 9 Ak,

[5G I I A T
3 3747572 4
29. A company produces two types of goods, A
and B, that require gold and silver. Each unit
of type A requries 3 g of silver and 1 g of gold
while that of type B requires 1 g of silver and
2 g of gold. The company can use at the most
of 9 g of silver and 8 of gold. If each unit of
type A brings a profit of T 40 and that of type
B € 50, find the number of units of each type
that the company should produce to maximize
profit. Formulate the above LPP and solve it
graphically and also find the maximum profit[6]

Hence, the mathematical formulatiorr of the
problem is as follows :

Maximise P = 40x + 50y )
Subject to the consiraints :
X+2y <8 (i)
3x+y =9 ..{idi)
xrz 0y=zl
To solve this LPP, we draw the lines
x+2y =8
x+y =9
¥ =0andy=0
x+2y =8
x ¥ g
¥ 4 0
and 3r +y =9
x 0 3
u 9 0
Plotting these points on the graph
A8 ! i
o .
igiitii HESIE: : i =
i i miTE
HRE
-: ::i:.' = i
T T
S i,

:::‘I2-::'"-.’:;,--.-:""—J‘j it T ;
s
i el .

HE AT S '
A

The shaded region is the required feasible
region.

Solution : Corner Points | Maximum P = 40x + 50 y
There are two types of goods, A and B and let
units of type A be x and units of type B be y. A(0.9) 0+50x4=200
A B B(2,3) 2x40+3x50=230

Gold 1 2 C(3.0) 40 x 3+ 0=120

Silver 3 1 0O (0,0) 0+0=0

Profit 4 B Clearly, P is maximum at B, (23) and the
Then, Total profit of goods maximum profit is ¥ 230. Ans.

P=4x+50y,x =0,y =0 15 ‘-8
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' SECTION-A 12. Find the general solution of the differential
D -1 3.5 A ey
1. Fiml|AB[,i:fA=[ﬂ J amiB=L] u].[ll equation —= =" 2]
Solation : Solution :
0 -1 . [3 5 Given, W _ ooy
Given, A = 0 2} a_n_dﬂ=|:ﬂ {J dx
] = Y i
3 -1/[3 3 dx
Then, AB = o 2o o
: = Y e
foo &
o = ¢7 dy = e'dx
0 Cn integrating both sides, we get
|AB| = |, 0]:{] Ans.
L Ie_ydy uﬁ’-e"dx
2 Differentiate ¢*3*, with respect to x. (1]
P ¢ PR — &"¥ =¢" + ¢, which is the required solution. .
. Ans,
1.et v= £
S ; SECTION-C
i tiakin, Hon (i) w.r.t ¥, we ge
erentiating equation ({) w.r _lw 2 21, If {a + bx) e¥% = x, then prove that
EE:E""EXJE_KE::T o s
P 2 PLs PN [41
S de® L odx T
= %EJ_ Ans, Saolution : We have
* @+t = x .
SECTION-B 5 g _ R
# a+hx
P
6. Ifﬁ!.=|:z F]and|ﬁ3|=125,lheﬁndthevalue - ¥ = log x
x atbx
of p. [2] & w1 ( x ]
Solution : = ¥y = 4708 a+br
2
Gwen, A= |p |adal-is = y = xllog ¥~ log (a-+ bx)
¥
Now, |1'13| w195 = . = logx-log(a+ix)
- I Agl =53 On differentiating w.r.t. x. we get
dy
|A]=5 T L
_ i X atbx
p Z
Alsowehave |A| = 2 p 1( dy ]_ 1 b
— pl_4=5 ' = ye xa_ Ty a+bx
s 1 b
N - & :‘Ei'yzxi[;_a—bx]
= p=+3 Ans. dx

16



= X = -y=

dx

ax
a+bx

()

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

d dy dy dy (a+bxja-axxb
o T ax (@ +bxy?
xa'zy @ +abx —abz
= —_—
dx® (a-+bx)*
5 Sy __ &
de®  (a+bx)®
On multiplying both sides by x%, we get
A ﬁ - %t
dx? (a+bx)
d2y 2
dx? a+bx :

From (i) and (ii), we get

dzy [ dy ]2
3
X = —_—
dx* y

Hence Proved.

The volume of a cube s increasing at the rate of
cm’/s. How fast is the surface area increasing

when the length of its edge is 12 em? [4]
Solution :

Let x be the length of side, V be the volume and
5 be the surface area of cube,

Then, ¥V =x* and § = 2%, where x is a function of
tirne {

Now, % = Bem®/s (given)
dv d dx
B = e 312 _
(B}' l:ham rule)
dx
g=32 ™
2 dt
8 dx :
gx—z = wo{L)
2
Now, 45 = d(é;r l
dt dt
a5 dx
b s
= dt di
45 8.
= o i 12x 3 [Using (i}]
_#
"

Hence, when x =12 em 17

Then, ds%ﬁcmj% Ans.

23. Find the cartesian and vector equations of the

plane passing through the point A(2, 5, — 3,

Sulutmn 2

We know that the genera.'l equation of the
plane passing through three points (x1, ¥1. Zi)
(x5, ¥o, 22), (%3, Ya, Z3)

F-x@ ¥-¥ I-q
X -% Y-8 Z-#| =0
*pody My=i 308
Then the plane passing through A (2, 5,-3),
B(-2,-3,5),C{5.3, +3)

¥x=-2 y-~5 z4+3
-2-2 -3-5 5+3| _p
9-2 3-5 =-3+3

x—2 y—5 z+3
-4 -8 85 =0
3 -2 0

o =2 O+ 16) = (y=5) (0=24) + (z + 3)

(8+24)=0

= 16(x-2)+24y-5+322+3)=0

= B[2x-4+3y-15+4z+12]=

= 2+ +4z-7=0
.= 2x+3y+4z=7

This i5 the required cartesian equation of the
plane.

Now,

The required plane passes through the
puint A(2,5, -3 whose position vector is

=y
a= 2?+5?-. 3}? and is normal to the vector »

given by ;; = A% X AEI

1

AR = —27-37+5k-(27 +57-3K)

1

- A~ A A A
AB = —4i-8f+8k+8k

It

b (5?+3}’—-3§~[2?+5}-3£D

3i-2]

11



24,

-+ - g K&
Now, n:ABXAC: —4 —8 S
3 -2
_ 161 ~{-24)7 + (8 + 20)k
" £ ~
=16{+24j+32k

The vector equation of the plane is given by
- =) - =
r.m=a.nm
- ” ” )
= r.(lof + 24§ + 32k)

(27 +5]— 3R)(167 +24] + 32k)

= 324 120-96
’ — ” s A
= r.(l6i+247+32k)=bhb
_}
— r.(2?+3?+4§)=7
This is the required vector equation. Ans.

SECTION-D
Find the point on the curve 3* = 4x, which is
nearest to the point {2, - 8). [6]
Salution :
Given curve is of the form, %2 = 4x and let p(x.y)
is 2 point on the curve which is nearest to the
peoint {2, — 8).

- yﬂ = dx

then ﬁ =x
4

. P(x, y) will be P {%; F]

Now, the distance between poiri A and P is
givenby
AP = (f(x—2)* +(y+8)?

(5] roeo
= [?_2] +(y+B)y

4
= Jg—é—yz +d+y? +16y+64

4

=
16+1‘€nﬁi+n€p&

4 P
and let Z = AP? = {-—E+ 16y +68 )

25.

18

Now, differentiate equation {i) w.r.t. i1, we get

ii lﬁx4y3'+16
= i+16
For maximum pr minumim value of 7, we have
dZ
E:D
3
- %+1s=n
= w+6d =0
= F+H P-4y +16) =0
(VP -dy+16=0
gives imaginary value of )
= y =-—4
d'Z 1 3
Now, Tz W =7¥
Aty=-4,
Ez_z.-:ér_d,z
&P 4
= 12>0

Thus, 7 is minimum when y =-4

Substituting y = ~ 4 in. equation of curve i* = 4x.

Wehaver=4

Hence, the point (4, —4) on the curve i* = 4r is

nearest to the point (12, - B). Ans.
3

Find [(x*+2+¢™)dx a8 the limit of sums. (6]
1

Solution :
We have

If(x}dx hmh Ifta) + flg + 1) + fla + 2h)

+ . fla + (= 1)K
whereh-b;
#
(i) Here, a=1landb=3
fia) = #4246
h= 31 = — = oygh=2

n

Now, 1= f‘(xz-..u &2* Ydx
= EmALFL + £+ K+ 1+ 20)
L+ (- 1))



I_hmh [(L+2+6D) +[(1+R)2+2 4204014

{(1+2m2+2+e2(1+2’=>+ G+ -1+ 2
.+32{1 + it~ 1}1?1]'”

I= Hmh[1+2+ez+1+hz+2h
h—0 .
+ 2+ H) L 14 487 4 gp 1 2051420

+odl+ (=12 24 20 — Vi + 2 4 £+ -1y

I= hmh[1+1+1+ ...... +2+2+...20+4h
. +2( =10k + e
Bt 42 + 4+ (=120 e+ £ AR

yetr ]
I= mh[l #1414 e + 242+, 20+ 4k
+2n-Dh+P+ 42+ (-1 +
+92(1+ L .e"("_m]
[':H- et 4ot | 2Dk =1{1—_e”’")]
1-%

I=limh[n+2n+22(1+2+3+....n-1)

k=0
. 2 2
H(1+ 243 - 1P e 2T ) x(1-¢ )}
1_221:
< 1+1+1 +...ri=n
2+24+2+pu=2n
I=lmh [3n+2hn{n~1)+h2(n—1)n(2n—]}
h—0 2 6 -
2(1 em)
1=t
['.'1+2+3+4+ +++++ zr*rzf-(ﬁitH
and o B g TGN
o i}

I=lim 2im
h_m[thvrnk {n—1+

& l_ezn
I= }iina[nhx3+nhxh(n—1)
mhb*n -0@2r-1 &2kl -57)
+ +
] 1-¢

. Rn-Dn@n—-1) : e2h(1— 32"’")}

Putnh=2

I—khm[6+2(2 W+ (ﬂh~h)nh[2nh—h)

% 1
P& 22
2 (1-e"")4

hﬂ[ﬁ+2+(2_h)+wém

2
+%(—11 (- e“)]

MNow, -
200 4
1___6+4+2><2><4_e[1 c*)
2
B Ez A
=5 I=10+ E_E{l_e )
= 1= -%E—ifl— 4} Ans.
3 2
OR

-Using integration, find the area of the triangular

region whose sides have the equation

y=2r+lLy=3x+landx=4.

Solution :

The equations of sides of friangle are
y=2x+1, T}
y=3xr+1 .(11)

and r=4 we(Ii)

- ::3_:__'

e

_I

]

A S el e

SN

15
"
|g.|‘}' :
-lo

12
T

5 A tassaw =
ANHE i i R Hir
= 1
T

!
(Sl Anm e

H - i

The equation y = 2x +1 meeis x and y axes at
1
(—5:0) and (0,1). By joining these two points

we obtain the graph of x + 2y = 2. Similarly,
graphs of other equations are drawn.



Solving equation (i), (i) and (i) in pairs, we

1
obtain the coordinates of verticies of AABC are = J' vdx
A{0,1), B(4,13) and C (4,9). 0
Then, arca of AABC = Area (OLBAQ) — AT
Area (OLCAQ} = TL
4 4
= J{3x+1}dx—-j(2x+1)dx —lx4x4
0 o =2
4 = 8 square units, Ans.
- I[3x+1—2x~1] dx
5 e
Mathematics 2019 (Outside Delhi) SET III
Time allowed : 3 hours Maximum marks : 100
SECTION-A SECTION-B

1. Find the differenital equation representing .

the family of curves y = 4" + 5, where a is an
arbitrary constant. [l

Solution :
Given, y = aer + 5
On differentiating w.r.t. x, we get

dy ;
e .22 (2)+0 [By Chain rule]

d
= :i% = 20" i)
Again, differentiating w.r.t. ¥, we get
dy 2x
—2 =2as2
dx* ( )
&y dy s
il S 16
= o w [using (i}]
&y _dy
= T’
This is the required differential equation. Ans.
Ify=msﬁ,thenﬁnd%. [1)
Solution :
Given, ¥ = cos (ﬁx)

On differentiating w.r.t.x, we get
Y o~ sin(JBx)x V3 x
dx

dy o w‘rgsin(\lﬁ_]
ax | 2x

1
2Jx

Ans.
20

Show that the points A(2i+ 37 + 5Kk),

B{;+2,f +3£)andC[7£—£)areculJinenr.[2]

Solution.t
-3 !} A A
Given, A = —-2i+3j+bk
—» - ~ '
B = P+27 +3k
— I - M
E = ?i+0j + k

—
Now, AB = position vector of B
- position vector of A

M ™ " F M M
f+2j+3k—(—2i+3j+5k]

iy I sl Ll L A
i+2j+3k+2i-3f-3k

~ h M
3i—~j-2k
BC = position vector of C —position vector B

M 4 A M ™~ M
7i+0j-0k—(i+2j+3k)

1

.'} A M .I'.\ Lt Fal
7i+0j—k-i-2j-3k

AR
6i-2j—4k

23772k

— -
Clearly, BC=2AB = AB | |BC
. -
But B is a common point to AB and B-Z:
- -
s AB and BC are collinear vectors.

Hence, points A, B and C are collinear.
Hence Proved.



_OR
Find , |4 x Bl if 2 = 2i+ j+ 3k and
Ay ~ Lo Y
b =3i+5f -2k.
Solubion :

—» ~ A A
Civer, g =2i+j+3k

and b=3i+5] -2k
AR &

55 i k
Then,axb=1|2 1 3
35 -2

i{-2-15)-j(~4-9) +k{10-3)

I

= —177+137 + 7k
R J[_17]2+(13]2+{7]2
- VB -5 Ams
Find : (x_‘;;s x "
Solution ! )
x-5
R xdx
Let [ = J'(x—S)SE
-3-2 .,
1:] =
Y LR RN
(x-3)
s @-9 2 |.
T x=3" (z-3)°
o 1 N ) " )
;{(-1'—3)2 (I—B]E]de ...(1]
Now,
i d -3 -2
_(I—SJ =_2 J:—-S .
& [ ) x—3)3
and we know that
J[f{x} + f'(x]Ifde = E'Tf(x) +c
L1 ) %
Here, f(x)=—— and f'(x)=-
ere, f(x) (:r-3]2 f{x) (1_3)3
Then,
x—5 1 o
&dr=¢" co. &
Fiaseie=s RTE TR

at

SECTION-C

13. Solve forx:

tanl(x+ D +tan " (x-1) =tan™? [:J [4]

Solubon:
Liven, 8
tanl(x + 1) + tan{xr—1) = tan! 31

We know that

x+y
-1 o —1
tan " x + tan™ ¥ = tan 1-xy
stan x4+ 1)+ tani(x-1)
e x+1l4x-1
| 1-[(x +1){x =1)]
._..tan-l _uz—x.
- 1-(x*-1)
af 2x
=tﬁn1 P
j—ﬁ]
Now, tan! =I:an'1-8—
r 2—x* 31
2x 8
= st
2-x2 31
= 62x = 16~ 81>
s 3lx = 8§ —4e2

= 4% +31x -8 =0
= A +32r-x-8 =0
=4x(x+8)-1(x+8) =0
=  (x+8)@Ax-1)=0D

= x=-8andx= % Ans,
. Ifx =a¢’ (sin £+ cost #) and y = a¢’ (sin #—cos 1),
then prove that Lir o S (4]
de x—y
Solutian :
Given, x = ae’(sin { + cos ) (D)
and ¥ = a¢' (sint—cos f) (i1

On differentiating equation (i) with w.r.t. t, we
get

a—[ (smt+cosf)}—a—[e sinf+e&f cos f]

= a[e’cns t+sint e +e'(—sind) + ¢ cost]]

= aJ:e'cos £+ ainf—sing +ef + e’cost]

20¢' cos | (i)



On differentiating equation (i) w.r.t. t, we get

L T
dfmﬂdf[g (sint cosf]}

d
rz—[er sint — ¢ cos t]
dt

Il

Il

;;1[@l cos f+sint e’ —(— ersint+c05efj]
= H[Ei cos # + ' sint + sintetf g ecos t]
= 2z’ sin t w(1¥)

On dividing equation (iv) by (ifi}, we get

dy/dt _ 2u¢' sint
dr/dt  2ae cost

dy _sint
dx ocost
"LH.S. 2% = tan { (%)
Now, RHS. = XYY
x-y

aé' (sin £ + cos 1) + a¢* (sin. ¢ —cos 1)

" (sin # + cos £) — ae (sin t —cos 1)

e’ sin ¢ )
= M =tant i)
From equations (v) and (vi), we have
dy x+y
A g iy Hence Proved
OR

Differentiate ¥*™ + (sin )™ * with respect to x.

Solution ! .
Let ¥ = 2 4 (ain 1)°¥
Let 2 =y ..}
ancl (sin x)**¥ = p i)
Then,

¥=u+v

dy du dv

dr dx dx
. Now, g = o°mnx

log & ='sinx log x
On differentiating w.r.t. , we get

ldu 1

——=sinx x—+logxcosx

wdx X
dﬁ*ﬂ(smxﬂo xcosx]
dr x 8
du m(si-tlx ] -
S T +logxcosx il
It z £ (i)

22

Now, = (sin )°®*

log # = cos x log sin x
On differentiating w.r.t. x, we get
ldv

1
Z— =¢0s x —— Xoosx+ logsin x {—sinx
o dx sin.x . ( )

%iﬁ:cotxxcosx+sin x log (sin x)
dv : i
E=::;{mt:r-:mx—san:’510gt‘?'11'”‘]

el

E: (sin x)%¥ (cot x — cos x — sin x log sin x)
.(iv)

p s
So, El;— o [iziJrlogx cos x)

+ {sinx)™™ " (cot x cos x — sin ¥ log sinx)

Ans.
15. Find
I cosy 141
{1 —sin x)(Z — cos® x)
Solution :
Let I o J' 2onsx dx 5
(1 —sin¥)(1 —sin” x)
j . 2c08x
= 1=l Gnz)@2—1+sin*x)
2c0ax dx
It j : i
(1-sinx)(1 —sin” x}
Now, letsinz =i
= cos xdr = dit
2dt
Then,] = j

(1-(1+1%)
Now, solving it by parfial fraction,
2 _ A +Bt+(3
1-Hl+) (1-1) (1+:2).
- 2=A(+A+BE+C1-5
= 2=A+AF+Bt-B£+C-Ct
= 2=FP+A-B+tB-OQ+A+C

_ Equating the coefficient of 12, t and of constant .

termys of bolh sides, we get
A-B=40
B-C=0

and A+C=12

On solving, we get
A=C=leandB=1



J‘ 24 _J- 1 . t+1
Tla-sa+) Y- 14

tde j i

1
[ = dat dt
Il—t +-[(1+r2}+ (1+¢%)

H

log |1-¢#| +%log|1+tzf+tan_lt

log |1-sinx |+ ; log |11 sin’ x}

+tan™ {sinx) + ¢ Ans.
SECTION-D .
1 1 1
24. Show that forthe matrix A = |1 2 -3, [s]
2 -1 3

“A®-6A% + 5A 4+ 111 = 0. Hence, find A,
Solufion :

1 1
Giver, A=11 2 -3
2 -1 3

1 1 1t 1 1
A= |1 2 —3]|1
2 -1 3]z

[1+1+2 1+2-1 1-3+3
= [1+2-6 1+4+3 1-6-9
[2-14+6 2-2-3 2+3+9

4 2 1
- _3 8 —14
| 7 -3 14]

4 2 y | I O O |

Now, A3 = |—-3 5 -14|l1 2 -3
| 7 -3 '14ﬂ 2 -1 3
4+242 4+4.-1 4—-6+3
=|-3+8+28 -3416+14 —F-24—-42
7-3+28 7-6-14 7-9442
B 7 1
= |-23 27 @9
32 -13 58

Now, putting A% A2in A3-6A2 + 54 +111

23

B 7 1 4 2 1]

= |-23 27 —¢9|-6|-3 8§ -14
32 -13 58 7 -3 14

1 1 1 1 0 0]

+5/1 2 -3[+11{D 1 0O

2 -1 3 0 0 1

B 7 1) 24 12 6

=1—23 27 —69|-|-1B 48 -®a
32 —-13 58 42 —18 84
5 5 5] {11 0 o
+| 5 10 -15|+|0 11 D
0 -5 15] |0 0 11
8-24 7-12  1-6]
=|-23+18 27-48 -69+84
| 32-42 -13+18 58-84
5+11 5+0 5+0
+| 5+0 10-11 —15+0
10-0 —5+0 15-11}
-16 -5 -=-5| [16 5 5
= -5 -21 15]+{ 5 21 -15
—10 5 -—-26 0 -5 26
0D 0O O
=0 0 O|=0 Hence Proved.
DO O

Wehave, A® - 6A%+5A + 111=0
Multiplying by A~ on both sides, we get

AT (AR _6A245A 4 11T) =0.A7
= APAT_6AZ A7 £ 5A. A7 + 11LAT =0
= AYAA D -6A(AA Y +5(AADY + 1114 =0
= AZI-6AT+51+ 11 A 1=

AATT 1 -
and 11TA™ 1 =114 1

= AT-BA+5[+11A1=0
= 1171 = ~A? 4 6A =51

= | A_1=1—11-{-A2+6AI_51}



~(A% —6A +5) : Zxty-z=1

11 4x~—3y+?_z=4
4 2 1 These equations can ‘be written in the from
atl=1ll_3 g _1a AX =B, where
" 7 =3 14 3 -2 3 x 5
A=i2 1 -1|,X=|y|endB=|1
1 1 1 |10 4 -3 2 z] 4
—6|1 2 —3|+5|0 1 :
72 -1 3 001 Now, |A] =3(2-3)+2(4+4)+3(-6-4)
4 2 1 _ =-17#0
aedhes ik -3 8§ -14 Hgnce, A is non-singular and so its inverse
11 exists,
7 -3 14 Confactors of A are
6 6 6] [5 0 0 Ap=-1, Ap=-8A;=-10
-l &6 12 —18|+|0 5 @ Asj = -5, Ap=-6An-=1
12 -6 18] |0 0 & Ay = -1, Axp=9 Ap=7
o oaf[AE 2 14~61 i ki
A =ﬁ~ *_-3-6 B-12 -14+18 ade: L 1
7+12 —3+6 14+18 EEEE
do s 0 -1 =5 -1
00 s =1-8 -6 8
: |10 1 7
_ 1_—2 -4 -5| |5 00 R e 1 o i
- ” = —— 3
at=—(-9 ~4 4ls|0 5 0 o T
-5 3 -4 |0 0 5 ol B e
. ;!
1'._2+5 -4+0 =540 = m B =8, 7
A'1=;—1—9+D ~4+5  4+0 -1 1 7
| -5+0 3+0 —4+5 s %= A-1R
[ 3 ~4 -3]
= -1 -5 —1]{8
Ala—>l-9 1 4 | R R
nf o 4 = -8 =6 91
- - -10 1 74
AR _
z-'~.r1=ﬁ_1 g, i sl Ans, x -17] |1
]_5—3—1_ ' . e el
z - 51 3
OR '
U;i.ng matrix method, solve the following Hence, x=1,y=2andz=3 Ans.
system of equations : 26. A bag contains 5 red and 4 black balls, a second
3x~2y+3z=8 bag contains 3 red and 6 black balls. One of the
x+y-z=1 two bags is selected at random and two balls
ag:
dyr-3y+2z=4 are drawn at random (without replacement)
Solution : both of which are found te be red. Find the
The given equations are probability that the balls are drawn from the
3x— Dy +3z =8 ot second bag. [8]



Solubon:

Let E; be the event of choosing the bag 1, Ez be
the event of choosing the hag I and A be the
event of drawing a red ball.

P(E;).P(A /E;)

E
P[22 &
O o]

Ther, 1 % .5.
1 3T
PAE = PEs) = L
17°m T2,
Now, P AlLS E= 20 &
E,) 978 7 _
2x72Z
p[2)-3,2.6 “m
and E,) 9 8 72 Ix72 2x72
Now, the probability of drawing a ball from _ .0
W0+6
Bag II, if it is given that it s red mf[%]. 3
Now, by Bayes’ theorem, we have = oF = 1H Bus:
1
Math 2019 (Delhi) SET 1
Time allowed : 3 hours Maximum marks : 100
SECTION-A Solution ;
1. K A and B are square matrices of the same Wehps 274
order 3, such that [A| =2 and AB = 21, write o 1+(ﬁ]
the value of [B]|. [11 dx’ dx
Sc.llutlon : - Order =2 and degree=1 Ans,
Given, |A|=2and AB =21 If a line makes angles @0°, 135°, 45" with »,
- tAl = v and z axes respectively, find its direction
= [Al(B] ~21 Solution "
= 2|8 = Given, a = 90°, §§ = 135°, v = 45°
= |B| =I Amns, So, {=cas90” =1
2 Iffd=x+1 find i Fof} ). [1] m = cos135 = cos(180° - 457
'1 4
Solution : =meesihis —3—5
Given, fixy=x+1
Now, )1'0 Rx) = Fif(x) and n = cosdh® = T
=f+1) Ihemqmredd:rechoncoamesareﬂ,j_,;:.
=xr+1+1 2 2
D Ans.
d
2 ()i =1 Ans, OR
X Find the vector ¢quation of the line which
3. Find the order and the degree of the differential

. d*y dy]
Equatmnxzdxz {1+[dx } [1]

25

passes through the point (3, 4, 5) and is parallel

F A
to the vector 27 + 2§ - 3.?:. [11
Solution :
Given, the line passes through the point (3, 4, 5).



and parallei to the vector 2?+2}—3E, Fo I=log |(tan¥+2) + Yeanx+4 [+C

D. R. s of the given vector are <2,2, 3 >. Ans.
. Vector equation of line, 8. Find:I 1 - sin2x dx, Ecrc—g-. [2]
re(3+47+50+ 27 +2j-38 Ans.  Solution:
I=|1-si
SECTION-B e [
5. Examine whether the operation® defined on R 1= I..,f[cos x-sin x)? dx
by a*b = ab + 1 is (i) a binary or not. (i) if a
binary operation, is it associative or not 7°* 21 [','l—girliA:(cosA—gjnA]z]
6. Find a mairix A such that 2A - 3B + 3C = 0,
-2 2 1 2 40 -2 fru I= J(COS x'—SjI'LI}dx
whereB:‘: ]de:[ ].[2]
31 4 71 & = I =siny+cosx+C Ans,
Solution :
- -2 20 20 -2 _ OR
Given,B=| 5 4 4[.C=lp 1 Find : [sin™" (2x) dx. [2]
and 2A-3B+5C =0 Solution:
= 2A = 3B-5C Let I = [sin™ (20) dx
= 3B-5C
= e Let sinl2y = ¢
- A= 2 (B-5C) 2 = sint
1(5[-2 2 O)_[2 0 -2 2x = costd
= A=51% 3 14 7 1 & I =2[tcostdt
Ao Y[-6 ¢ 0)_[w0 ~10 = I =2[rsint—[1:sintdf]
= A=3l] 93 12| 7|55 a0 . [Using by parts]
- Ko 1[—16 6 10:1 = 1 =2sint+cosi]+C
2(-26 -2 _IIB = I = 2 [2xsin ! 2x +cos (sin"12x)] + C
- 5
= A:[ li 3 ] Ans. = I =2 [2esin!2x+ r1_4x2]+c
Ans.
7 F'dJ‘,——mZx dx [2] 9. Form the differential equati fing the
. Find: |74~ 5. Form ifferential equation represen
A -family of cures y = e (@ + bx), where ‘2" and ‘¥
Solution : are arbitrary constants. 21
3 I sec? x dx Soluton :
L - Jtanzx+4 Given, y = &% (a+bx) [T
Let fanx=¢ Differentiating w.r.t. x, we gef
= d
sec’ xdx = dt YL )2 ) &
dt i .
1= [ > ay
NP +4 — = et + 2y [From (i)}
yi [ dy
= =l 2. = -2y = he*t i)
by 1=log [(£-2)+ m | #¢ Again, differentiating both sides w.r.t. x, we get
2
S— dY_o% _ ope
** Answet Is not given due to the change in present gyllabus. dx® dx



10.

11.

** Angwer {s fiot given due to the change in present syllabus.

d'y _dy [ﬁy )
g4 o3 _ 21 4 .
T 5 2 ¥ | [From (ii)]
APy 2dy  2dy
24 S8 _AY 4
ol dx & Y
dy 4dy
sl T

This is the required differential equation. Ans,

If the sum of fwo unit vectors is a unit vector,
prove that the magnitude of their difference is

V3. [2]

Solubon:

R —
Laet & and p are two unit vectors.

— — - =
Given, | a[=1,| b |=1|a+b][=1
We know that,

- - — — —
[ +bR+la-bF=2]al+EP)

P+ | a B2 .= A12+17
= WP+ |a—bf =4
—
—
= la-b - V3 Ans.
OR
= A A A — S A A
If g =2¢{+3j+k+ b=i-27+kand
-+ Ao A —+— =
c=—3£+j+2k,ﬁnd[abc}' 2]
Solution :
’ - i A
Given, a=2{+3j+k
— M ~ A
b=i+2j+2k
— A A A
a=-3i+j+2k
- 3
Now, [a, b::}] = [;.(Fx :-}}]
2z 31
= 1 -2 1
-3 12

=2(-4-1)-32+3)+1{1-86)

=-10-15-5=-30 Ans,

A diemarked 1, 2, 3in red and 4, 5, 6 in green is
tossed. Let A be the event “number is even”and

27

13,

B be the event “number is marked red”. Find
whether the events A and B are independent or
not. [21

Solution : .
Given, 5=1{1,2,3,4,5,6}
Let the two events be

A’ The number is even
B : The number is red

PA) = 2=, PRy =

B |

4
6

and

P(ANB) =

[=oB o O A

P(AMB} =+ P(A}. P(B)

Ans,

A die is thrown § fimes. If “getting an odd
number” is a “success”, what is the probability
of (i} 5 successes? (ii) atmost 5 success?*®  [2]

Hence, A and B are not independent

OR

The random variable X has a probability
distibution P(X) of the following form. where'

“k! is some number -

kK, ifr=0
2k, ifx=1
PX=2) =
{ ) 3k, ifx=2
0, otherwise
Determine the value of k. |
Solution :
We know that,
IPX) =1

Pre=t) + Pe=t) + Prra) + Py e otheny = 1

= K+2k+3k+0=1
= 6K = 1
= K=%Ans.

SECTION-C

Show that the relation R on R defined as
R =[{a, b} : 2 < b, is reflexive, and transitive but

not symmetric, 121
Solution :

Reflexive :

Let acR

% a<a

Sa, (a,a)eR -

Hemnce, R is reflevive.



Symmetric : . Now, f:NoS:f@=2x"+x+1
Let (e, e R

where 5 = range (Given)

Then (ha)e R [N — S is onto as co-domain = range.
Then, aZh | Hence, fis invertible,
b hich is not tru '
® sp  [wichis ) Let y=fxy=y =r+r+1l
(b,a)e R 2 5
Hence, R is not symmetric. — PRI Y | +(l] _[1) 1
Transitive : ) b 2 2
Let,a, b, c e R,such that (g, b) e Rand (b, c) e R ( 1)2 3
= ¥ =|x+=| +=
Then, a<h 2 4
and bege 3 172
= asc ' = y-31 " [“’E]
= (2,¢ c R 2
'I-Iem:e,Ris transitive. = y-3 _ [x+%]
Hence, R is reflexive and transitive but not 4
Symmetric, Hence Praoved. i3 1 v+l
== 3 Y = Xt+o=
OR > 2 2
Prove that the function f: N — N, defined by '
ﬂx}:xz+x+lisune-onebutnotunio. ) _ -1+ /4y -3
'Find inverse of f: N — S, where 5 is range of f. ” #= 2
Sohuton —1+,f4 -3
- , ey - foTANETE xeN)
iven, f:N->N, ﬁx)—x7'+x+1 2
Let A be the set of natural number (domain}, Ans.
and B be the set of natural number (co-domain). ] . #
Por One-One : 14, Solve:tan™ 4x +tan™ 6x = e 2]
Let x1, xz € A such that f(x1) = f(x2) Solution : We have
= ::'12+xl+1=x%+1‘2+1 tan! 4y +tanl 6x = w/4
= 1 —xi+x —x,=0 ( 4x + 6x ]wr:
== tan™ |y _ 4. - 4
= (x; =25 ) [y + 32 +1]=0 1—-4x.6x) 4
= xr=x3=10 - 10x =‘l:al'l£
[0 —xp +120] 1-24x* 4
10x
= S = 1-24x%
is pne-one.
f = 10x = 1-24x°
For Onto : -
. x4+ 10x-1 =0
Let y = 1 € N (Co domain) 3
—101,/100 +96
121-1'1 =1 = Yi= 18
= P+x =0 0%
= x@x+l) =0 ; =3 r= 48
x=10,~1eN : 2 4
= T= g
Not possible since domain = N 2712
SD,fiEII.Ot onto. : - —_— % Ans.

Hence, f is one-one but not ontc. Hence Proved 4



15. Using properties of determinanis, prove that
& +2a 2a+1 1

2a+1 a+2 1 o(e-107° [2]
3 3 1
Solution :

@ +2a 2a+1 1
LES = | 2441 a+2 1
3 3 1

Applying Rs —+ Rz — Ry and we get R3 —» Ra - Ry,
wegef

& +2a 22+1 1
1-a>  -g+1 0
3-¢" -2z ~2a+2 0
Taking (1 - a) commen from Ry & R, we get

1]

> +22 20+1 1
=(1-a%|a- 1 o
a-3 2 0
Expanding along Cs, we get
= (1-2? [12+28)— (& +3)]
= (1-a?[2+2a+a-3]
= (1-a@-1)
= @-12@E-1)
= (@-1P¥=RHS.

Hence Proved.

16. If log (x° + ¥ = 2 tan™" (%J . show that

gy x+y

G . 2

& i 2]
Solution :

Given, log [x2+y2)=2tanl(%)

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

L.

1 dy 2 dx
2 2y—=|=

12+y2[x+ ydx] yi o

¥ ¥ . [d_y_)
= x2+y2+xz+y2'dx x? 4+ y? xdx 4
¥

eyt |2yt )dx
dj_—x+ Ans
dx x—y s
R
dy
Ifx?-y‘=ab,ﬁnda
Solution :
Y
Let u=2xand v =y
Then, =g
du do
E_EZD k1)
Now, =z
Taking log on both sides, we get
logu =xlogx
Differentiating both sides w.r.t. x, we get.
1du_y dy
u'cbc“x_rlugx'dx
du - |y dy
_ ' 4 =
_=> 0¥ [x+logx.dz]
and v:y‘r
Taking log on both sides, we get
logr=xlogy
Differentiating both sides w.r.t. x, we get
1do_z dy
v dx ¥ dx+logy
- g
From equation (i),
vl ¥, EEJ_ x| XAy 1 e
x[x+ogxdx ¥ ydx+°gy 0

= yxy‘1+x?l¢gx.%—xy"l.%—y’logy=0

,d_y_ Y _ -17_ .x ' -1
= | logx -z = y*logy -’



17,

18.

oy dy |y logy—yay™
dr | 2¥logx - xy" !

Ans.
If y = tsin"! x)?, prove that

2, d
1-sA Y _+3 _»_g |
dt

dx
Solution :
y = (sinle)? (i)
Differentiating both sides w.r.t. x, we get

Given,

dy _2sin'x

Ax  fi-x?

—Zem 1y

= 1= -..{ii)

Again d1fferent1atmg both sides w.r.t. x, we get
J— _2x dy 2
i i d
2

Fy Ay
l=o] =i

1—%2

1

=

b _dy

25 =1
ax xdx

dz
= (-5 5
Hence Praved.

Find the equation of tangent to the curve

= «3r—-2 which is parallel to the line
4y -2y + 5 = 0. Also, write the equation of
riormal to the curve at the point of contact.  [2]

Solution :

Given, = J3x-2 ..i)
Differentiating both sides w.r.t.x, we get
Ay &
dx '\;'Sx -2 e
and equation of line, 4x -2y + 5 =0
—Coefficientof x -4 D
Slope = “Coefficlentofy  —2 -
Apply condition of ﬁiﬁ:aﬂel line,
G S
= T
243x-2
= 3=4V3x-2
= 9 = 16 (3x-2)
= 0= 48x-32
= 41 = 48 x

19,

30

4
- 48
Putting the value of x in (i), we get
41 3
y= 3(48] "4

41 3
*. Point of contact ( i 4)

Slope of curve =2
5a, equation of Tangent is

343

. [43{—3}2[4&—41)
4 48
dy~3 48x 41
= - 4 28
4y--3  4Bx-41
= 4 24
— fr-3 = 4Bx— 41
[
= 24y -18 = ABx- 4
= 48x - 24y --23 = 0 Ans,
And equation of normal is
322
=372 48
2 48
= 06(dy -3y = —48x+ 41
= 384y —288 = —48x+41
= 48x+384y-329 =0 Ans,
3x+5
ind: dx. p)
Find I i [2]
Solution :
i e j 3x+5
t = 3x-18
(3r +5) = A(2x+3)+B
Comparing coefficients of x,
3.=2A
L
2
Comparing contant terms,
5 =3A+B



I

b= g

_j 2x+3 _J'
x?+3x-18 2+3x 18

J‘ 2x+3
2 +3x-18

Put Z-3x-18 = ¢
(2c+ 3N dx = 4t

ye 2t

1= -

| 247
3
= 11=51°E|i|+cl

Let I1 = dx

= I-= g—log|x2+3;c—18|+cl

Ans,

Now, 1 1_[
OW: 2= 2792 13x 18
= 1 L i
=
2 3 (3F (3}
I2+2J.'.E+(E] (—] -18
1 éx
= Ir= & [x+§]2_.l[2 2
2 2
3 9
i & "*5—5’
= L== g +Gy
27 2x9 7| 3.8
= 1 -llo 2 b
2= 13 B2
= Iz= ll{:g —3[+C2
I=11+]2
I=—log]x +3x- 13]+ mgI 2
fry a
20, Prove that [ fx)dx =[ fla x)dx, hence evaluate
1] a
T xsinx
[T
01+COEI

+C

Solution.:

0 a
To prove : j_f(x)dx = If[a - x}dx
0 0

Proof : Letx = a-t
de = —dt

. Also, 1 =0=i=a

and rt=a=1t=0

a 0
[ fxydx=— fla - Hyat
C a
o o= [re-na
] 4]
{J‘f(x)dx =- jf(x)dx]
ir b

= j’; Flx)dx = j: Fia— xydx

[ j: Flx =j: f(t)dt}

Hence Proved.

T
rsinx dx
let 1= |———
;!;1+0032.r B
ﬂ
| J- (m—x)sin(r -x)
5 1+cos? (m-x)
[Applying above property]
I = j{'ﬂ.‘ x) sindx A
0 1+ cos® x

[ sin{n — 0)=sin e]

cos{t — @) = cos0

Adding equation (i) and (i), we get

d=n Ld:c

1+cus X

Put cosx=1t

sinxdr = 4t

when r=04=1

and x=pmt==1
1o
11—t



21.

= 2= —n[tal'lul (f]]lhl
- 2 = —xftan~Y-1)- tém"lm]
N 21 = —a[-tan"t (1) - tan(1)]
[ tan” (-2} = tan! x]
" 2= ~n[-2tan"*(1)]
= 2 =-x _2_7:]
4
=3 2l = E
4
-y I= E_z Ans,
4

Solve the differential equation rdy — ydx
= fr? 2 dx, giventhat y =0 when r=1. [2]

Solution : ;
Glven, xdy—ydr = .r2+y2dx

xdy = (J2* +y° +y)dx

—
s ﬂzﬂf'x2+y2+y
dx x
Put y = ox
dy do
=X
a0 dx
S0, vt 8o _ N +o?x® +ox
dx X ’
) D4+ Il;‘;—d:=~~,l'1+::;2+1:'
XU 2
= R
; ; dx g
Integrating both sides, we get
: do -rdy
-
+ o
log |o++1+v* | = logx+loge
log |¢+ 4f1+9° | = log(xo)
z
o+ 1‘|I]+,I i ¢

32

f z
¥ L
;"‘ 1+x—2 —IIC
2 2
BENE R wogy
¥+ \j.rz +y? =x%¢

Now, Giveny =0whenx =1
.. From equation {j),
C0+1=c
c=1
Substitute the value of ¢ in (i), we get

Y+ 22 1f =2

OR
Solve the differential equation 1 + xz)%
+ 2xy — dx* = 0, subject to the initial condition
(0 =0, [2]

Solution *

. d
Given, {1+x%) _E+2x1,-_4 2_0
dx *

- dy 2y 4’ L g
dx 1+x* 1+x
A 2
. . 1y s
dx  1+rx* 1+4°
2xy 4x?
Here, P = dO=
1+4x7 Q 1+x2
. 2x
2
IF = ol -1l
LF. = ¢osl1+2?]
IF. = 1+ [ el“gx=x:|

Solution of given differential equation is
y(LE) = [(IExQ) dx

452
2]‘3""
1+x

> yl+dd) = I{1+x2){

3
y+ad) = o rC )

=

Now, Puting « = 0, ¥ =0 in {i), we get

0=0+C
C =0



Substitute the value of C in (i), we pet

3
y(1+_r2}=4i.
3
41.3
= ATs,
¥ 3(1+x2} =
FaY Fat el M ” Y Ly ”~
I i+j+k, 2i+5j, 3i42j- 3kand

? - ﬁ; - i respectively are the position vectors
of points A, B, C and D, then find the angle
between the siraight lines AB and CD. Tind
whether ..G} and C_f) are collinear or not.  [2]

Soluton :

AN A ] A A A A
A(f+j+k}5(2: +5';),C(31’ +2j—3k]and

D [?—5}23).

oy Fal

— M
Now, AB = i+4)-k

¥y AL A A
D = —-2i-8j+2k
- —
Let 8 be the angle between AR & CD
- 3
AB.CD

5o, cos 0 = =T 7
- bl ichl

s Fal N M Fal Fal
(i+4j—k}[—2i—8j+2k)

cos 0 =
.J]+‘16+1 Ja+6d+4
~2-32-12
cos 8 = W
cosd = Al
V2,642
cosh =-1

cos B =vcosm
B=mn Ans.

Find the value of A& sp that the line
1-x 7y-14 2-3_ . 7-7r y-5_672

= =

3 A 2 3 1 5
are at right angles. Alse, find whether the lines
are intersecting or not. [Z]
Solution :
Equation of 1st line,
1-x 7y—14 2z-3

3 A 2

x-1 y-2 z2-3
= -3 A/7 2 33

DR’s of 1st line <—3, L/7, 2>

and cquation of 2nd line,

7=7x y—-5 6-z
3 1 5
x-1 _¥—-3

-3/7 1 -5

—
DR’s of 2nd line <:3;’,1,1,—5>
Since, given lines are at right angles,
-3AY A
A 22 2 w5 =0
[ : )+?( }+2(5)

%4- E—llﬁz(}
T 7

10, -70=0
106 =70
A=7

VRN

Now, equation of 1st line,

-1 y-2 z-3

-3 1 2
and equation of 2nd line,

x-1_y-5_z2-6

& & =B

= S ~ s — A A A
Here, 4y = i+2j+3k, b =-3t+j+2k
=+ M A i)
by = ..3i+j=5k

‘(EE—-E:}.[Exﬁ)

— A -~ A
a4 = i+5f+6k,

5.D=

- =
|b1x312
- b A A o
('92_“:‘) = 0{+3j+3k
n Fas Fa®
i k
- =
and [blxsz =|-3 1 2
-3 1 -5

il

H~5-2)- (15 +6)+k(-3+3)

_7 11}

It

3?+3E_[-?E-11}’]|

>D. = Ja8+ 121

-21-33

~170

1]

50.




5D ‘ 2t ’~ 2 ep
7 |J170) V170
Hence, The given bwo lines <o not intersect each
other. Ans.
SECTION-D

111

24 FA={1 0 2| find A”l, Hence, solve the
311

gystem of equationsx + ¥+ z= 6, x + 22 =7,
Sx+y+z=12 [6]
Solutinn ¢

. Given,

s

I
—
]
=)

10-2)-1{1-0)+1{1-0)
-2+5+1
40

| A

|A|

[A|

o A7 exits,
Now, cofactors of A are,
=2, an=0,

axp=-2,
=2,

1l

1l

a3 =2
'ﬂ12=5, :232’:—1'

aa=1, faa=-1

-2 5 1
adjA=| 0 -2 2
-1
-2 0 2
B -2
1 2
1
1A]
-2 0 2
o [ |
1 2 -1

The given equations are :

x+ty+z =6

adj A

So, A™ (adj A)

It

(1) Ans.

x+2z =7,

and 3x+y+z=12
111 x 6
Here, A= |1 0 2|, X=|y|B=|7
311 z 12

34

X = A"'B

1'—,2 0 2||é
=z 72 Y7 (Using ()]
z] |1 2 -1z
[x] 1"—12+0+24
y|=y | 30-14+12
2| [ 6t14-12
[x] 1F12
A i
| Z | | 8
(x] [3
y=[*
[z] |2
¥=3 %=1 and z=2 Ans,

OR
Find the inverse of the following matrix using’
elementary operations.
I 2 -2
=1 3 0
6 -2 1

A=

Solution :

Given,

A=A
1 2-2][100
-1 3 o0l={0 1 0|a
0 -2 1} [0 01

Applying B2 — Rz + Ry, we get
1 2 -2] [1 0 0]
g 5 -2/=(1 1 0lA
0 -2 15 [0 0 1]
MNow, Applying K; - R; + B3, we get
10 -1 [1 0 1]
0 5 -2|=[1 1 0]a
0 -2 1] [0 0 1]

Applying R; -:-% Re, we get
1 0

0lA

|- |k
I
oT|E
o we o



Applying Rz — Ra+ 2R,, we get
§ 1] f 1
0 1 -2l=l5 5 %a
2 2 2
0 -2 1l (= = 1
5 b

Applying Rz — R; + 2R3, we get

1 0 -1 101

I

o0 =1 |z = 1
5] LB 5

Now, Applying Rz — 5K 3, we get

10 -1} |10 1
01 o]=[1 1 2jA
on 1 . 2= h
Applying R1 = R1 + Ra, we get
100 3 2 6
0 1 0)=(1 1 2jA
g0 0 1] [2 2 5
3 2 6
Hence, Bt 4.9 3 Ans,
2 2 5

. A tank with rectangular base and rectangular
sides, open at the top is to be constructed so that
its depth is 2 m and volume is 8 n’. If building
of tank costs T 70 per square metre for the base
and ¥ 45 per square melre for the sides, what is

the cost of least expresive tank? 6]
Solution : :
Let the length and breadth of the tank be x and
metres, respectively.
Given, Volume = 8 m®
' depth of tank = 2 m]

= xy= 8
, o B4

2x x

Let C be the cost of tank. Then
C=70xy+452x2x+2x2y)

= C= 70xy+180x + 180 ¥
= 'C=,'f'*:]:r:'ci+‘,{Ei(}r:|:+18[l><i
x x
= C = 280 + 180x + 720 ®

X

Now, differentiating both sides w.r.t. x, we get

dC 720
e gt
dx 2
. dC
For maxima and minima, EZU
720
180~ _p
X
720
- 180 = 5
2
= =4
= X =42
e x =2
Again, Differentiating both sides w.r.t. x, we get
dC 1440
=
2
el M0 jss0
d’lx=2 8

. when x =2, cost of tank is minimum
Substituting the value of x in equation (i), we get

C = 280+18[}>c2+%

= C = 280+ 360 + 360
= C = 1000
Hence, the cost of least expensive tank is ¥ 1000.

Ans,
Using integration, find the area of a triangle
ABC, whose vertices are A(2, 5}, B(d, 7) and
Cite, 2). [6]
Splution :
Given, A (2,5), B {4,7) and C {6,2) be the vertices
of a triangle.

The equation of side AB.
7-5
-5j= ——1]x-2
y-5= 7 5(*-2)
= ¥-h=x-2
=

¥=x+3

A

¥




. The equation of side BC,

2-7
(y 7:} ‘6—4(1-4)
= y—7 =T5(x 4)
= 2y-14=-5x+20
= 2y=—5x+'34
; —1
= = Z(br-M
2( )
The equation of sides AC,
(y 5]——{:: 2]
= —5=_- ¥ —2
¥ " (x -2)
= 4y-20=-3x+6
= 4y=—3.r+26
- Area of AABC
4 6 6
“IFﬁBdI+IFBcdx IFA(.’ix
2 4 2

E -—;n(sx -~ 26} dx
] A ]
(8- Gfl-fp-
_[8_;_136]]%[(%_156) [1_;._52)]

[(8+12)~(2+6)]-[(90-204) - (40-126)]
+1[(54-156)—(6~52]]
= ]2+ (15)__[55} =12 +9-14 = 7 5g. units. Ans.

OR
Find the area of a region lying above x-axis and
included between the circle »* + y* = Bx and
inside of the parabola y* = 4x.

Solution :
Given, equation of dlecle 15 22 +¥=Brcanbe .o g e ve
expressed as

(x-0%+y° =16 ()

Centre is (4,0) and radius is 4
and equation of parabola is y* = 4x
Let Required Area =1

(i)

36

G B fy of the parabola dx = Jy of the circle dx

jzfdx+j1342 ~4]d.t

Ig = [154\[?_(1:_4)2 +ES

_ 1 E ” <~k -
L = 2[(2(0) P 16sin (1)) (n)}
1 T

Ex165—4ﬂ:

S Il+12

2 (£+ 4:1:]
3

= -(81—3:1:] 5. unils, Ans.

ctor and Cartesian equation
of the plane passing through the points
(2, 2, -1), (3, 4, 2 and (7, 0, 6). Also find the
vector equation of a plane passing through
(4, 3, 1) and parallel to the plane obtained above.

[6]



Solution :

Let A2,2,—1),B{3,4,2)and C (7, 0, 6} _

The equation of plane passing through A(2,2, ~ 1),
alx -2+ by -2 +c(z+1) =0 (i)

Since (3, 4, 2) and (7,0,6) lies on plane

: 2+26+3c=0

Sa-2b+7c =10

(i)
(i)

and
Solving equation (if) and (iii}, we get
a -b C

(14 + 6}=[7_15)=(_2_10]=k(5a}']

B D0
2 -8 -12
a=20 b=8 and c=-12k
Putting the values of 2, b and ¢ in (i}, we get
20k(x =2} + 8k{y - a-12%k z+ 1) = 0
4k [5x-10+2~4-32-3] = 0
Sx+2y-32-17 =0
This is the required equation of the plane. Ans.

Now, the second plane passes through the points
(&, 3,1).

Since, this plane is parallel to the above plare,
- D. R.s of the second planebe < 5,2, -3 >
S0, equation of second plane,
Ba-9+2w-3)-3@z-1) =10
5vr-20+2y-6-3z+3=10
Sx+2y-3z -23 = 0 Ans.

]

=

44

OR
Find the vector equation of the plane that conta-

ins the lines # = (i + )+ (i +2j+ k)
and the point (- 1, 3, ~ 4). Also, find the length
of the perpendicular drawn from the point
(2, 1, 4) to the plane, thus obtained.

Solution :
Given, equation of the given line

- ” » A Aoa
ro=(t 4+ jieAli 42+ k

The plane passes through the point (-1, 3, - 4).

Then the equaticn of the plane,
a(x+1)+b(y—3)+c(z+4) = 0 )

Since (1, 1) lies on the plane,

: 2a=-2b+4c = 0

+,.(i197

28,

Also, (1, 2, -1) lies on the plane
2a-b+3=0 (i)
Solving eguations (ii) and (iii), we get

a — b c

Co+4"[6-8) (c2+q) "0
a .—b ¢
2Tk

a==-2k b=2k and ¢ = 2k

Putting the values of &, b, and ¢ in {i), we get

=&+ 1)+ 2k(y-3)+2%k(z+4) =0

= —x+D+ -3+ +4)=0
= ~¥~1+y-3+z+4=10
= -x+y+z=0
- Yector equation of plane is,
- - =2 =
ro—i+j+k) =0Ans.
- =
a.in—d
Perpendicular distance = —
Ed
Perpendicular distance
- = - - = =
_ [21’ +j+4k).[—i+j+k]—0‘
Jl+1+1 |
‘—2+1+4
&
= —3—-=~J§ units, Amns.

NE

A manufacturer has three machine operators
A, B and C, The first operator A produces
1% of defective items, whereas the other
two operators B and C produces 5% and 7%
defective items respectively. A is on the job for
50% of the time, B on the job 30% of the time
and C on the job for 20% of the ime. All the
items are put into one stockpile and then one
item is chosen at random from his and is found
to be defective. What is the probability that it
was produces by A? [6]
Solution :

Let H; be the event items produced by A
H; be the event items produced by B
H: be the event items produced by C



x=0y>0
P = ok P(H )= e and P{ty) = 2 ' !

100 Maximise Z = 15x + 10y
Let Ebe the event ltems found to be defective. Changing the above inequalities into equations,
=S 1 E 5 7 2x +y =40 2x + 3y =80
Pl — =—,F[-'-"—]=— and P gy ) Y ) Y
H,) 100" \H;) 100 H3 " 100 T T 5 T T T % T %
Using Bayes’ theorem, ¥ 40 0 ¥ | 80/3 0
[Hl } P(H,)P(E/H,) Now, plating these points on the graph.
E P{H,)P(E/H, )+ P{H,)P{E/H,} R ; ! T
+B(Hy)P(E/H,)  HERAFIEIEE i aaiiia
5 1 Nz Sjiniin Sl
—_— x _— o —4+—
= 100 luﬂ ?‘ - 1] | ; : -F
- 50 1 an 5 20 7 ' ' iz s HH
i i i~ o I« e I ST H :
100 100 100 100 100 100 il =

0 50 5
50+150+140 ~ 340 34
. A manufacturer has employed 5 skilled men
and 10 semi-skilled men and makes two
models A and B of an article. The making two
one item of model A requires 2 hours work by a
skilled man and 2 hours work by a semi-skilled
man. One item of model B requires 1 hour by a Wi ¥ £
skilled man and 3 hours by a semi-skilled man. ST T e ;
No man is expected to work more than 8 hours =4 T it
per day. The manufacturer's profit on an item : ' R P
of model A is 715 and on an item of model B is EE e L

¥ 10. How many of items of each model should o : :
be made per day in order fo maximize daily The shaded region is the required feasible region,

Amns.

Bl I3
ey

by, 31
1

 profit? Formulate the above LPP and solve it | Vertices Maximum Z = 15x + 10 y
graphically and find the maximum profit. [6] [T 0,0 15%0+10x0=0
%olution : A 20,0 15 = 20 + 10 = 0 = 300

Let, x be the number of items of model A and y

be t_he nuamber of items of model B B (10, 20) 15 x 10 ."' 10 x 20 = 350

Let Z be the required profit. C(0,80/3) 1 15 x 0 + 10 = 80/3 = 266.6
Subject to constraints : . Thus,.ﬂ';e maximum profit is obtained when the
2+ p<8x5 manufacture produces 10 items of mode] A and
5, % ¥ y <40 20 items of model B and the maximum profit
£ 250, - Ans.

2r + 3y 8= 10

= 2x + 3y <80 o

38



Math 2019 (Delhi) SET 11

Time allowed : 3 hours Maximum marks ; 100
Note : Except for the following questions, all the | Solution : ) )
remaining questions have been asked in previ- ) 2 01
pus sets. Given, A=i{2 1 3
1 1 0]
SECTION-A N =
2 0 12 0 1
- dem=x+7md5‘””‘””1‘"‘mﬁnd Now, A’=[2 1 3|2 1 3
= (fos) ). ny 1 -1 ofl1 10
Solution 1 - 4+0+1 0+0-1 240+0
Gi PR— Al=|4+243 0+1-3 24340
il " —
ven 2240 0-1-0 1-340
and W) = x-7 !
Given, (g} ) = fle () _. A2=|9 -2 5
=S 0 =1 -2
= (x-7)+7
=x 2 01 10 0 5
Now, Differentiating w.r.t, x, we get and 54 = 5|2 -1 3[=110 5 15
1 -1 0 5 -5 0
d(fﬂg)(x)_l
dx - Ans, 2 -1 2110 0 5

3. Find the value of ¥ —y, if 4 WhBA= 2R 20 3 D
0 -1 -2 |5 -5 0
1 3| [y 0] [5 &
PHIHS W
O x i1 218 A2-5A=[-1 -7 —10 Ans,
Solution : -5 4 =2
_ 1 3] [y 0] [5 6] e seriy
Given, 2 = . Find; {fan7xsecs
o x}_l 2|71 8] 12. Find: | Pl [1}
- I - Solution :
2 6+yt]:56 Let [ e tan? x sec® x
0 271 2|7[1 8] g et
= X
s ps 2 2
2+ b 5 6 tan“ x sec” x
J = = = &%
1 2rx+2| [1 8 1-{tan® x}
Ry Definition of equality, we have Put tard x = ¢
2+y =25 2x+2 = 8 '
¥ =3 P 3 tan? x sec? x dx = 4t
x=3 tan’ x . sec” dx = &
52 -y =3-3
1¢ 4t
= -y =0 Ang, = k= EI]—fz
SECTION-B , . 1o 1_{)g!1+r+c
;i . = = 3 A o1 —
? =
5 5 9 3 %1 1-1
6. IfA=|3 1 3| thenfind(A2-54), [11 1% tan®
| = pa LigpTEE B0 s
1 -1 0 2 6 7ll-tan’x




SECTION-C

13. Solve forx:tan™ (2x) +tan™ (3x) =%. 2]

Solution :

Civen, tan™ 2x +tan ! Bx = E

- 2x +3rx -7

tan™”" | —————— =—
1-(20)(30)| 4

{ tanlx+tan~ y= tan! [Mﬂ

1-xy
= tan'l[ oX )=|:th£
1-617 4
Bx ]
=5 T 7 = —_
[1~6x ] 4
- : Sx —
1-6x
= Bx =1-8+*
= 6 +5xr—1=0
= 6t +6x—x—1=0
= (6x—1) (x+1) =0
= x= l orx=—1
4]
x= 1 Ans,
6
18. Using properties of determinants, prove the
following :
:a+b+c —~C —b
| s a+b+c -2
-b —z g+b+c
=2+ b+ c+a)ld]
Solution :
Taking L. FI. S,
a+b+c - b
=| -c at+bh+c —a
—h -a a+bic
Applying Ry = Rz + Ry and R3 — R3 + Ry, we get
a+b+c —b
| a+b a+b  —(a+b)
g+c -4+ a+c

Taking {a + ) common from R and (g + ¢}
common from Rj, we get

a+b+c —¢ =h
=s@+bYa+a| 1 1 -1
1 -1 1

19,

40

Now, Applying C; = Co +Co, we get

fa+h} -c -=h
=lg+Bla+c) | 2 1 -1
o -1 1

Applying C; - o+ Cp, we get
(g+b} —(b+cy -b

=(a+Bla+c)| 2 o -
0 0 1
Now, Expanding along Ra, we get
=la+5a+0)[1.10+2(b+0)]
=2+ B g+ 206+ )
=2+ B E+){c +a)=RHS.
Hence Proved.

Ifx = cos t + log tan (%],y:sini‘,ﬂ\enﬁndﬂle

Ay d2y n

values of —Z-and —atf=—, [41
> dxt -

Solution :

{Given,

x = cost+log tar{;]

Differentiating w.r.t. £, we get

dx _ —sinH%.%seczé
Eg
2
cus(ij :
= %:wsinH 2t A 1
d 251‘11(—) cos® (— )
2 2
ax sint+ L
:? dt 23in(-f)cos[f)
2 2
ax . 1
—e— = —sinf+—
dat sin f
['.‘A=Zsm%cusﬂu%]
dr —sin®t+1
= dt sin
2
- dx  _cos”i i)
dt sint

and y = sin ¢ (Given}
Differentiating w.r.t., we get
dy :

-=post
et



MNow,

dy_dy dr
dx dt  dx

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

i

T
d_j;' = SEC gi

& ¥ sin t ; :
Z 2 o gactpxe [using ()]
tix cos” ¢

=sec? n/4.

sin w/4
cos® /4

delt=—~

i | &

n
5
b

b2

x_

2
_T_zd”"

1 Ans,
2

SECTION-D

24. Show that the altitude of the right circular cone

of maximum volume that can be inscribed
in a sphere of a radius r is A7 Also find the

maximum volume of cone, 2 [6]
Solufion ;
Let R be the radius of cone, Let OA = 0B = r
(radius of sphere)
CAC=r+x -0
¢height of cone)
Let ¥V be the volume of cone.
A
r
0

41
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Now, V= g(BC}Z{AC} (i)
{from the figure)
Vs E{BC]Z{r+x]
Now in AOBC,
(OB = (OCY + (BC)
P+ R
¥ —x* = (BCP® --.(tif)
V= 4;5 -3 (r+2)
V=2 (ren?fr-1)
o B
Differentiating both sides w. r. t. x, we get
LA ST T .
== Ir+ 2y (1) + {r—x) 2{r+ 2]
= 4V _ E(r+x)[—r X+ 2r-24]
dx 3
N _ T rrx) (-3
dx 3
For maximum or minimum volume,
v _q
dx
= Loin@e-3n=0
3 r
e Yr=rorx= 3

x =r is not possible.
Now Again differentiating w. r. t. x;, we get

'TT‘;’=§[(r+x](—3)+(r—3x)ﬂ)]
= i_"’:“ [— 37— 3x +r — 3]
= Z—V %(—Zr—ﬁx.)
= f—g- r== t‘zr'EJ
dot lx=— 3% 2
= —'imc:[]

50, Volume of cone is ma.)ﬂmum whenx =

U-‘I"*

Now, Putx = 5 in (i}



AC =r+x
= 4 1
3
AC = &
2
The altitude of cone is %'when its volume is
maximum. Hence Proved.
From equation {iii),
i £ 2
C2=r2—[1] =r2_L
(BC) 3 5
82
(BCY = 5
? b
Maximum volume of cone = z BL (E]
3l g 3
[Using (ii]
- % Bn
T .8l 2
2 -3 5
. IfA=|3 2 -4|,then find A™L. Hence solve
1 1 -2
the following system of equations: 2¢~ 3y +5z=11,
8x+2y—4dz=-5,x+y—2z=-3. 16]
Solution :
2 3 5
Given, A=|3 2 -4
1 1 -2
|A] = 2(-4+4)+3-6+4)+53~2)

|A] =3(=2) +5(1)

|A]=—120
A~ exists.
Cofactors of A,
a1=0, ar=-1, an=2,
app=2, ap=-9, 483;=123
61'3=1, gxn==58 aun=13
o 2 1T
adja=|1 -9 -5
|2 23 13
¢ -1 2
adjA=|2 -9 23
1.5 13
A'1=—~EldiA

42

1 0 -1 2
A‘1=—1_2 -9 23
1 -5 13
0 1 =2
Al=|-2 9 -23 (DANS.
-1 5 -13
Now, given equations are
2x-3y+5z=11
3x+2y—-4x=-5
X+y-22=-3
2 -3 b 1% 11
Here, A= |3 2 -4, X=|y|B=t-5
1 1 =2 z -3
AX =B
X=alB
(<] | 0 1 -2][ 11
yl=|-2 9 -23(|-5| [From(i]
[z] |-1 5 -13][-3
[x] [ 0-5+86]
— y|=-22-45+69
z| | —-11-25+239
x} [1
= y|=|2
Lz] |3
Hence, x=1, y=2 and z=3 Ans.

OR
Obtain the inverse of the following matrix

* using elementary operations :

-1 1 2
A= 12 3
311
Solution :

-1 1 2
Given, A=| 1 2 3
311

A=1TA
-1 1 2 100
12 3|l=]|0 1 0]A
311 001



Applying R1 ¢> Ro, we get Applying Rs - Rs + 5Ry, we get

~

1 2 3] [e 1 0] 10'?1_3—2%0
-1 1 2|=|1 0 0]A
' 01 25 2 Ll
3 11} [0 0 1] 5 5 A
Applying Rz — R + Ry, we get g0 1 5 -4 1
o ) i 3] | 3 3
1 2 3 010
Applying Ry —+ R1—Ra, et
03 5/=|1 1 0|A (IR e TR
Re g1 5 Lo
Applying Rz —» Rz — 3Ry, we get zl=l3 3 A
12 3770 1 0 00 3 g “?4 1
g0 3 5 |=/1 1 0O}A . .
0 -5 -8] {6 -3 1 Applying Rz 5 Rz~ BRs, we get
1 10 0] [ 1 -1 O
Applying Ro — gRg,weget 01 0f |—8 7 —5 %
1 2 3]0 10 - oo L |2 22
0 1 2lald Lol ) wig
. 3| (3 3 Now, Applying Ra—» 3R5, we get
0 -5 -8 [0 -3 1 .
1 0 0} 1 -1 1
Applying Ry — R~ 2Ry, we get o 1 ofl=]-8 7 -5]a
1 0 =} =2 1 0 0 n1 5 -4 34.
5 2. P 1 -1 1]
s 1 Bl 1 1 ,4la .z |
’ E ) Hence, Als -8 Fi =D Ans.
0 -5 -8 0 -3 1 5 -4 3]
o0
Math 2019 (Delhi) SET III
Time allowed : 3 hours Maximum marks : 100
Note : Except for the following questions, all A-B=C
the remaining questions have been asked in = Ao 1.{B+C)
previous sets. . 3 _
. o 114 31 [5 0
SECTION-A = AEEﬂZ'B}J{l ]D
5 0 4 .
1 IfSA—‘.B:[ and B= | _ S,thenﬁnd 12 3
11 2 5 = A=3l3 ¢
the matrix A. 1] T3 1]
Solution : : 2[1 2] Ans,
Given, B= |:4 3 2 ‘I'\.Tﬂtc thg order a.ndthedegree of the following
; 2 5 differential equation.:
5 0 dZ 2 o 4
LetC = [ P e +x(—3’) =0 [1]
11 43 (dzz dx



Solution :

2
Evaluatezj E—'dx
-1 x
Solution =
2 |af
let I= J-_l-x—dx

0 —x

i o
I = _ler +J'0;dx:

1= [* e 1

Given, =
7 4 — _[.10
x° [‘iﬁf +x (d_yJ =0 = I [x]5; +1 [.t‘]%
dx* dx = T= =[0+1]+[2-0]
+. Order of the given differential eugatioh is 2 and = [ =~1+2
degreeis 2, Ans. - [=1
SECTION-B
5. Find: Jsinx.lug cos x dx. [2] Fmda;na;nx;& suth?;3B25C=n’Whm
Solution: B=[_3 5 4] mdc:[? 3 6}' 121
Let I= fsin:clogcosxdx
Putcosx=t Solution :
sinx dx = —df Civen. B [-2 2 u]mdc [2 0 ~2]
Ve, b= =
1= [logt.Tat 311 71 6
1k and 2A-3B +5C =0
= 1= {log.f—j%.tdt} = 2A =-5C+13B
) £
= =|3B-5C
| [singByPas] = A= 5 [3B=5C]
= I=-tlogt+i+c 1 [-2 20
— [=-cosx(logcosx-1)+C = A= 7 3 31 4
' Ans.
Evaluate ; Ifn{1~xz)sh1xcnszx dx. 2] J‘-’[i 2 ~2D
Solution :
= [F -2 : 6 6 0
Let I—j:‘:(] x%)sin x cos xﬁx . A=%[[g : 12}
Let flz) = (1-x7) gin x cos” x
Then F(=2) = —{1-x%) sin x cos” x _[;g g —;gjl]
[ cos (—8)= cosﬂ}
sir (- @) =— sin® _ e %BZ _2 :ﬂ
2 £ = —f®)
fla) 1 - 5
So, f () is 0dd. _ A=[ 8 3 ] -
a B R :
j_ﬂ fixydx =0
when f{x) is odd SECTION-C
- kst Ans. 43 Using propeties of determinants, prove the follow-
'OR ing:
' a b €

a—b b—¢ c-al=a*+F +c® —3abc.

b+c c+a a+b (4]

Solution :
a b c
LHS = |a+b b—c c—g
b+c c+a a+b



Applying Ry —R; + Ra, we get
a+b+c a+bic atb+c

=| a-b bt £—a
b+e c+a a+b
Taking {z + b+ ¢) from Ry, we get
1 1 1

= {a+b+c)le—-b b-c c-a
b+c c+a a+d

Applying C; —>C2—C1andC3—)Cg.l—C1, we get
1 0 i]
a—b 2b-c-g c=2a+b
b+c

Now, Expanding along Ry, we get

=f{a+b+e) [(N{@-c—a){a-c)-(a-b)
{c—2a +3))]
= (g +b+c} [(2ha—2bc - ac + F— @ + ac)
~(ac-22 + ab - be + 2ab — b9)]
= {a+b +c) [2ba— 2be + P’ - ac + 207
-ab+ be—2ab + ¥

= @+brO) [+ P+ P b bo—ca]

=&+ ¥+~ Babc = RHS,

o (ﬂ+b+l‘:)

g—h a—c

Henwee Proved.
i COsX
2 Bind: [ et A
Solution s
I CO5 X
Eet I = )0 sina)z +sinx)
Put sinx = ¢
cos x dx = df -
1 ot
(1+5)(2+1)
1 A B

ﬂ+£ﬂ2+t}=l+£+2+t
1=AQR+H+B(1+1)

Comparing coefficient of ¢

J=A+B

A =-B . )
Cuﬁrparﬁ1gcmstantterms

1=2A+B

1 =-2B+B

-1=B

% w 45

1 11
(I+82+1) {1+ (2+8)

[s Ilﬁ.- da
Tt 247

[=log [L+t]| —log {2+2] +c

Now,

—

1+1
2+f

[ logm—logn=log (E ]]
\ Tt

l+sinx
2+t

=% +C

[=log

+C Ans.

[= log

21. Salve the differential equation :

A _ 2 oyl
dx 142x%

Solution ;

[4]

=
1]

1422
<. The solution of given differetitial equation is -
y@F) = [(LFxQ)dx

i [ 1 ]_ 42
Nied) T 152
= : =[[1+ 1 dx
:E"]+Jr2 - 1+
1
= 2-:x+tan"1x+c
l+x .
or y=(1+x}(x+tan+x+C) Ans
OR
Solve the differential equations :

dy ~1 ;
(x+1)—==2"" —1; 4(0) =D,
dx ¥ (41

Solution :

Given,
x+1 Ay 26¥-1
(1) 22 _



s
d = == 6dx
= WY e = -cax=0
: 2¥-1 x+tl .
Y =] X — =
s jﬂdy jﬂ"f = x=0,x=4
2-¢¥ x+] Area of part A,
Put2—¢¥=¢ R = j’*x of the curve 1y
—Fdf =t a )
¥y =—dt [= ‘W_dy
f- 2 -3 j014 \
1 Jx+l - __[ya]u
= ~logt=log [x+1| +logC 4x%3
= —logt“ll=luglc(x+1)] I= 1%[43]
= E.=C{x+]} . o 6
= L - =C 1) ) 1]62
ik 1= — 5q. tnits
Put x=0and y = 0in (i), we get 3
1 Area of Part B,
s 4
=2 ZAC I= Juyufﬂlelﬂcunedx
4
: 1 :—;—(x+1) Ans. —_[Dy of the 2™ curve dx
4 42
SECTION-D S 1= [ 2t [ dx
. Prove that the curves 7 = 4r and x” = 4y divide the 21002 _ 1 [3]"
by of the squre bounded by x =0, =4, y =4 and Im 23l lp -5 lxte
¥ = 0 into three equal parts, [6] 4[ 372] 1 ]
Solution : , I='§ 4 T 4
Given, wall) [ Exs—lx&l
(i) 3 12
-2 16
3 3
I= %squruts
Area of part C,
I= Inycfﬂwirdcurvedx
= ﬁdx
04
< = iﬁxzdx
i L[ AT
1 ]2[x ]ﬂ
1
- = —x64
! IZX
¥ li= %squmts
For paint of interaction put y = %in('"l - The curves ¥ = &x and x° = 4y divides the area of
..__,, ﬁ = dy 4 thesquareinto three equal parts.  Hence Proved.

16



OR

Using integration, find the area of the triangle
whose vertices are (2,3}, (3, 5) and (4, 4).

I= [9—4]~[3—2]—%[16—'9]

+B[4-—3]—%[16~4]+2[4—2]

Solution :
Given, the vertices of AABC, A2, 3}, B {3, 5) and v s Lae Moy
C {44, - 2" 4
I SR I
5l B(3, 5) = 4-5+8-3+
7
st o4 I=18-2
: 19 . |
i Tr I= ?Sq. units Ans.
A2, 3): |[ 29. Twe cards are drawn simultaneously {or succes-
sl ! ! sively without replacement) from a well shuffled
] i : pack of 52 cards. Find the mean and variance of
i % the number of kings. [4]
T ! ! Solution :
) N R B Let S = Numnber of kings.
0 1 2 3 4 5 and F = number of non kings
M ] - P(S) = e and IMF}= i
Equation of line AB, - "5 i
E-3 ; i
(y—3) = 3_2(1_2) Let x; be the event that king is drawn.
-3 =2(x-2) % Px; %Py | xf | Px;x]
i dsdha o | B L mw | oo 0
= b T e
el 52" 51 2652
Equaﬁonoflim: BC, , 4 x%x _ 384 284 : 84
y—~5) = j_g(x—?!) 527 51 2652 | 2652 2652
N 4.oiD 12 12 48
-5 =-(x-3) 2 | —=x—xl=—-— i 4 —_
b g 5251 2652 | 2652 2652
==x+8 :
Equation of line AC, Pr, | 2256 12/ _
a3 = 2652 Yoosn | Phesa
(y_a}'= 4_2(1_2) xi » U 1 2
1 .
(-3 = S(x-2) Mean (X) = I 7 P(x;)
384+12 394
'r_z _— o m mm——
L _ 2652~ 2652
§ m iR Variance (o%) = £ xf P(x;) — (X
z 432 (39 Y
: K Tx+d T 2652 \2652
I= f@n-dx+[(-x+8dx—| S
Area f&r’fBC ’ ? 20 (33 ]2
o = — |77
L= [usstesfly d-yacds .-
p VAR T Y Tla ¥ac _ (36x221)-(33x33)
3 11 o 74 - 221 % 221
I= [xz]z—[r]%—i[leg +8[x]4 ?956[ i )686?'
= — 15 = Ans.

s

o
2+ [x]}7

48841

48841
o




