Mathematics 2017 (Out51de Delhl) SET 1

Time allowed : 3 hours

SECTION — A
1. If for any 2 % 2 square matrix A,

8
Aladj A) = [ D],

0B
then write the value of |A|. [1]
Solution : We have,
LR
AldjA) =] o
As, AfadjA) = |A| 1
Bol [10
o s)=%[o 1]

On comparing, we get

|A| =B. Ans.

2. Determine the value of ‘k* for which the

following function is continuous at x = 3.

(x+3)%-36

x-3
fx) =
k
Solution : Given,
(x+3)% -36

x~3
fix) =

JX%E3

1]

s X=3

,X#3

Maximum marks : 100

Since f(x) is continuous at x = 3

xﬁng f o = ﬂS)

= lim f{x) =k
r—3
2—
.5 lim $F3)° =36 _
x—3 x-3
(x +3)2 — 62
= —_— =
4396 (x+3)-6
= im x+3+6 =k
x=3
=t 12=F
Thus, f(x) is continuous at x = 3; if k = 12. Ans,
. 2 2
Find:“-sn;'x:m_xdx. [1]
sinx cos x

Solution : We have,

J-smzx cosx - - J-cosx smxx
SITLX COS X 2sinxcosx
==-2
Istx
=—2‘_|'cot2xdx
= -log |sin2x +C
Ans.

Find the distance between the planes 2~y +22=5
and 5x—2.5y + 5z =20, (1]



Ei

Solution : Since, the direction ratlos of the norral
to the given planes are proportional.

ig O
. B -25 5§
Thus, the given planes are parallel.

Now, let P{xy, 141, 71} be any pointon 22—+ 22—~ 5 =10
Then, . M-y +2-5=0
or 5x1-231+5-125=10 i}

The lengih af the perpendicular from Pz, 11, 21}
o Sx-2hy+b2-20=0,

Saq — 204 +an — 20
J@P + (257 +(5)

‘ 12,5 =20

Erimem| Tomero)

I—” 7.3l 1umnit
175

Therefore, the distance between the given planes

is 1 unit. Ans,
SECTION —B

I A is a skew-symmetrlc matrix of order 3, then

prove that det A =0. [2]

Solution ; Given, A is a skew-symmelric matrix
of order 3.

S0, AT =-A
Now, |aT] = |-A]
|AT| = (~1P1A]
bolkA|=k" A
-where i is order of Al
|ap=-1a]  [AT|=]A]]

= JA|+|a]=0

2|Al =00c |A] =0.
Le, det A =0 HenceProved.
Find the value of ¢ in Rolle's theorem for the
function flx) = 2% - 3x in[—3, ] [2]

Solution : We know that the palynomial function
fiz) = x* - 3x is everywhere continuous and
differentiable.

S0, fix} is continuous on -3, 0.
Also, f(x} is differentiable on {—v3,0)
FI=3) = (3 -3 (=3)

Mo,

= —33+3/3=0
and A = (0F -3y =0
Fl=3) = A0)

Thus, all the three conditions of Rolle’s theorem
are sabisfied.

Mow, there must exlst ¢ e (~+/3.0% such that

Fic) =
Now, frixy= 3 - 5
Ther, Filcy=0
= 3cf-3=0
= =1} =0
= o i |
¢ # 1as12{~3,0)
& o= —IE{—N'E,'D}
Thus, required value of ci5 = 1. Ans.

The volume of a cube is increasing at the rate of
4 cm’/a. How fast is its surface area inefeasing
when the length of an edge is 10 an ? [2]

Solubion : Let, the side of the cube be g cm
then, volume of cube (V) = &

Differentiating V w.r.t.5, we get
av dda
Bl gt B
di i
= 3a2%“9m3,‘5 [Given.—='3cm3.-"5]
da i::m.i’f-
I T
and surface area of cube {5) = 6
a5 dix
el L
df ] dt
45 3 3 2,
i =t Kuz— . (i1 il
Whena=10

dﬁ] 36 .
—= =—= =358 8.
|:iﬂ‘ a=10 10 an lllqu

Show that the function f{r) = ' - 3% + Gr— 100
is increasing on R. [21

Solukion : We haye,
flixy=x*=33" + 6x = 100
then, fix)=3r-6x+6
=Hxr-2v+11+3
=3(x-1¥+3>0forallxe R,
Hence, the function f{x) is increasing on K.
Hence Proved.

Ans.



+
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11.

The x-coordinate of 2 point on the line joining
the points P(2, 2, and Q (5,1, - 2) is 4. Find its
z-coordinate. [2]

Solutioen : Given, the points P{2, 2, 1} and
Q5 1,-2ofaline’

Then, equation of line P03,
_y-2
5-2 " 1-2 -2-1
-2 y-=2 z-1
3~ =17 -3
». Coordinates of any peint of line PQ is
EL+2,-A+2-3+1)
Wow, we have the xcoordinate as 4,
s |
=

1-1 pl. —
~ zooprdinate is— 3& + 1 42, - 1.

-1

Ans,

. A die, whose faces are marked 1, 2, 3 in red and

4, 5, & in green, is tossed. Let A be the event
“number obiained is even” and B he the event
“number obtained is red”. Find if A and B are
independent events. [2]

Solution : Since, A be the event of number
obtained is even
then, = [2,4. 6}
and B be the event of number obtained is red
then, B=]123}

AmB=|2]

1 1
=; PlANB=—

3
P{B)="= -

1
z° 6 27
P{A~B) = P(A) P(B}
11
6~ 4
Hence, the events A and B are not independent

events, Ans,

Two tailors, A and B earn T 300 and T 400 per
day respectively. A can stitch 6 shirts and 4
paits of troysers while B can stitch 10 shicts and
4 paire of trousems per day. Te find how mamy
days should each of them work if itis desired to
produre akleast 60 shirts and 32 pairs of ousers
at a minimum labour cost, formulate this as an
LPP. [2l

Solution : Let x and y be the number of days for
which the tailors A and B work respectively.

o, PlA)=2~

Mow,

1=

13.

Total cast per day = € (300x + 400y}
Let Z denote the total cost in rupees, then,

Z = 300x + 400y
Since in one day 6 shirts are attched by hailor
A and 10 shirts are stitched by tailor B and it is
dedired to produce atleast 60 shirts,
tx + 10y 260

It is given that 4 pairs of trousers are stitched by
each tailor A and B per day o produce atleast 32

pairs of trousers.

dx + 4y =32
Fmally,.'chenn of shirts and pair of trousers cannot
be negative,

x=0 y=0

Thus, mathematical formulation of the given LPP
is as follows :

Minimize Z = 300x + 400w

Subject to constraints ;
fx + 10y = &0
dr+d4y =32
=0, y=D Ans.
dx
FMFJE—waf' A
Solution : We have,
J' dx =_F dx
5-8x-x7 5—8x - x% +(4y? —(4)?
e | i
21 —[(4)? +8x +(x)7]
= | dx
(»‘Ef ~(x+4P?
|ﬂ+x+4|
I
SECTION = C
1 x—3 1%x+3 =&
I tan” —— To1 = g thenfind
the value of x 4]

Solution ! We have,
-1fx-3 afx+3 n
— |+ tan e =
[x—4] [x+4] 1

— tﬂ[‘l._] ﬂ +tan"1 ﬂ :-tg_n']-]
x-4 x+4



14.

x4 r+4
[ _x+d
I i r+4i
=5 mnl[ 4]= mnl P
T 1+1x—
X+

a{x-53 a{x+i-r-3
= {an o otanT | ———
-4 Lx+i+x+3
=3 ” 1
o x—4 = %47
= e+ {x-3=x-4
= Ml _fr+Fr-71 = x—4
= 2+ r-MN=x-4
= 2 = 17
e
17
= I= i1|'||2' Ana,
Using pmoperties of determinants, prove that
2 +2e 2a+1 1
22+1 @+2 1= (a-1% [4]
a i 1

@42 Za+l 1
2a41 a+2 1 sLHBS

3 3 1

Applying Ry » Ry - Rz Ko > Bz —Ra

‘P -22 7-1 U

A=iZa—1 a-2 1

3 3 -1

Solutinn ; Let A =

a+1 1 0
- 2 10
3 31

[Taking (- 1) commum from K; and Bzl
MNow, expanding alomg Ca,
A=(a-17 g +1) - 1-(@1}
=(a-12a-1=( 1)

=R HB& Hence Proved.
: OR
Find matrix A such that
-1 -1 -4
1 DA = 1 -2
-3 4 9- 22,

2 -1 -1 -8
. 1 0 g b
Then, L ,J 1 -2
3 4

Soluton : We have,

| ‘1 -8

1 0| aA=|1 -2

s & dw 2 SR Iu2
~ Adsof oxder2 « 2

Iet

[ 4

. B

a-rc 2h-d -1 -5
i B = |1 -2
—3a+4c =3b+4d G 2%

By equality of gnatrices, on comparing, we gel

d—c==1
h-d= 8
@]
h=-2
~314+de =9
—3bh+dd=22
Cm solving the equations, we get
a=1  b=-2, =3, d=4
tHence, A :[l _2] Ans.
i 4
. If 2 + ¥* = @", then find %' [al
Solution : We have, ¥ + ¥ = &
= o | glog’™ = gb
= gelog s | pAogY _ b

On differemtiating bolh sides w.r.t. x, we get

; 14
L&wr[ 5 ~—dyj+fl°ﬁ!" [:-r'——E+1n- }n
i I+1+::gnc 5 e gy

g [ ¥ 3 E'I‘_'] xdy =0
= xﬁ’[x+1|::qg;:4:d‘T +y‘[ydx+logy
= w¥liad¥logx jﬁ +a! % +1 logy=0

= %{x”]ﬂgr+xy"1]=—{},rflngy+yxy' 5

Cpd ]
dy _ |y logy+y x | Ans
Hlogi+z-y

dr -
OR

d!-
If & (x + 1) = 1, then show that Fy = (.-:f_y

p



1a,

Solution : We have,

Ar11i=1
1
- s i1
1
= | ¥ q —
w2
| Taking log of both]
=5 ¥ = —log{x+1) i
On differentiating y w.r.L x, we get '
dy _ __1 :
E = wt1 ...{1}
Again, differentinting w.r.t. x, we get
Ly 1
e (x+1)F
2
= ﬂ = | = 1
dx? {x+1)
#y (dy Y .
Hence Froved.
cos 1
Find :
J(4+sinzﬂ}|:5-4mszﬁ'} A
Solution :
wos g
Lot |-

{4+ sin 8) (5— 4 cos” 8)

i —=5 M
YA +ein’0)(5 —4(—sin2 g+ 1)]

e P coe B
" (4 +uin” B {1+ 4 sin )

Substituting sin 6 =y —» cos 40 = dy

1
1= =
T
F 1 _ A B
A+ ¥l +4y7)

B {4+y2}+{1+ 4%

1=A0+4+BE+¢%
Putting v =0, we gt
. 1=A+4aB .Ai}
Fulling p=1, weget
1=5A-+5R ..{i]
Sulving (1) and (i}, we pet
-1 4
A= I and B= 1E

-1 4
1= d
‘[[15(4+y2}+15{1+4y2]] Y

; -1 dy 4 dy
) I:— A Emr
15 J {27+ 15 {07 + (2%}
s Percailln Bowalomoey
= — ¥ = tg T4 ——ta 2y+C
= lmgpXomn - otEigEr F
- 1.—._—1tan'1(m—9)+£_tan'1{zsina}+t
30 2 15
Ans,
n rtan x
Evaluate : 4]

0serr+tan

2 rfanxy
Solution:Let 1= |, dx.

Caccrttanx

Now _J’t {7 —x) tan (m— 1)

2 T X per(m—x)+tan{n— 1)
- xitan x v

= 55 JC‘ pac X+ tan x m-{ﬂ}

Adding i) and (i), we get

= rtamx’ ={m—xlhny
= | —————dx+ | ————— —dx
2L Iﬂs&cxﬂanr -[f'sccx+mn.x
tan x
M=n] ——dr
= ' JE'HECI+1:EII'I.I
T en lan x secXx--lan x
= l== X - edr
2 wpcx+tEn: secry-kanx
T secxfanx—tanzx,
= I=—I1{ = z ]ux
20 gac x-~tan® x
. i
Y l—zfal[secxtanx e x+ Ddy
=, .I:E[sccx—-tan.xtx}g
2
= I.—%[[sccm-tanrr-l-r:}
—{sacO —tan0+{]
m
= I=_If-1+m)—(1)]
a
nir—2]
I= 3 Ans.

OR

1
Evaluate:L flx~1|+|x-2[~|x~4|} dx
Solution: LetT= [*f|x~1 +|x~2[+| z—4[}dx

= 1= [fla=1]de+f [x-2 dr
g
+j1 |x-4|dx
= I= [M|z-1]ar+[ | x-2|dx+

[Fxe-2dn+ [Flx-4] dx



= (= [e-Dar-[ (-2
+Id{x—2]dx-—_[4(x—4}ix

> (= 2[-07] -2 [w-27];
+% l(x—Z}EE "E[[-’-"“i}zj?

w-ﬂ-%m-n

K=

] ]

a 1 4 9
= [= —+=—+—+=
2 2 2 2
s
[_ 2 MBI
18. Solve the differential equation
fran ™t x — ) dx = (1 + 2D dy. [4]

Solubon : We have,
(lan 'y -yhde = (1 + B dy

=1
i£., -':-i-y;- 2 x—y_
1+a°

d_ﬂ
= [1_'_12]3 1+r2

which is a linear differential equation of the form,

Al

= 4Py =0

.:ixl i o3

En "x
here, P = d Q=
i Tra2 & 1tx?
b
Now, TFE= EJM bk plem 1
Then, required solution is :
-1
tan 1y L Ela.n_'lx de +O

ye I 1+ x*
Putﬁng, tanlx =¢

Fdy = dr

1+x

= !,ref = }E‘I et + &
= yet = ¢[elar _[{ (t) fo* éf):i‘.':
) ye* =t +C
= yet = (t-1)¢'+C
s wela T fanly oy o

[ t=tanlx]

y = tanlr—1+Cetn ¥

which is the required solution. Ans.

. Show that the points A, B, C with posiion vectors

- - .8 s Fat Y " LY

27 -F+k, i-3j-5k and 37-d4j-4k
respectively, are the vertices of a right-angled
triangle. Hence, find the areza of Fthe triangla. [4]

Solution : Given, the pasition vectors of the
- "~ M -~ el [
polnts A, Band Care2i —j+&, i-3j-3k

Ea s

and 37 -4 g ak, respectively.

= Pl ) )
Then, OA =27-7+k,

—3 L L I

OB =i-17-5k

- - Fu) My
and OC = 3i-4j-

— — —
Now, s = OB-0A
LS 8 .8 A N -
= (i -3 -5k)—{2i—j+k)
.8 Fal Fa
= -j-2j-Bk
- — —
BC =OC-0B
.8 F.3 3 3 3 e
=(3i—4;—4k)—(i -37-5K)
[a] s .
= 2i-j+k

= —3

and CA = OA-OC
. oy M Y A A
=(2i -7+ (31 47 -4k&)
= —7+37+5k
—*
| ABP? = (-1 + (27 +(-6)*=1+4 +36=41
—
|BC{E = P 1R+ 0P =4+1+1=6
amd |CAP = 1P+ @GP +BP=1+9+25=36
— — —
AB[Z = |BC]* +}CA

Henre, A, B, C are the vertices of a right angled
triangle.

il
lBC:-c

Now, anca of AABC = = ,

—Bi-117+5k



|BCxCA| = 8P + - 112 + 51

=064 +121+ 25 = 210

210

Hence, Area of AABC = 5 units. Ana.

Find the value of /., if four points with position

l‘t "‘E heoom ] al A '] s

vechora 3i+65+9k, {+2743K, 2i+35+k
"~ Fal s

and 47 + &7+ W% are coplanar. [4]

Solution : Let, the four points be A4, B, C and D

2 : oy My oA E) Fut
with position vectors 3¢ + a7 +9k, i + 27 + 3%,
L AN L L )
2i+3j+% and 47 + 6} + Ak, respectvely.
— M M M
Then, OA=3i+67+9k
= 'l B S M
OB = i+2j+3k
—+ ~ MR
OC =2i+3j+k
- Fal i) Fal
and OD =4i+6j+Ak
— — —
Then, AB =0B-0A
= (142743037 +67+98)
Fat L #
= _Zi-4;-6k

-3 —
AC =X — DA

Ir

A A A A A n
(2 +37+k) —(3i+6]7 +9k)
~ s My

=—i-3j-8k
—+ = —
and AD = QD - 0A
. M~ . n ” ~
=[di+a7+LE)-(3( +6) +9k)
=4 h—9)k
singe, the points are coplanar, then
- =+ =
[AB, AC, AD] = ¢
-2 -4 —f
LE -1 -3 -8 =0
1 0 i-9
= -2{-AA+IN+ 4 - +9+8) -6 (31=0
= Oh-bd—di ~p8-15 =0
= Zh-4=1
= =4
A=2 Anu

21. There are 4 cards numbered 1, 3, 5 and 7, one

number on one card, Tweo cards are drawn at
random without replacement. Let X denote the
sum of the numbers on the two drawn cards.
Find the mean and variamce of X [41

Solubion : Given, X dencte the sum nf the narmbers

on the bwo drawn carda.

Ther, X can take values 4, 6, 8, 10, 12

and sample space (5) = {{1,3),(1,3),{1,7), (3,1}, {3, 5),
(3, M, (8,1}, (3, 3), (5, 7, 7, 1), (7. 3. 7. 5)}

Sa, the probability distribution of X is as given

below :

x | 4 6 ' 8 | | 12
2 2 .4 12 |2
| P9 12 (12 |12 |12 |12
Computation of Mean and Variance .
PiX =x; !
x; {=F'f g piy pixi
4 2 8 32
; 12 12 12
6| 2 . 1 )
12 12 12
| et a2 256
12 1= T3
12 12
| ok 0 200
12 12 12
| sl il
12 12 12
96 848
= o Ipt= 1

9
We have, Zpp= ﬁ=3
; Mean, X = Ipx;=8
Now, Var (X} = Epd - Epp?
[ 3
S e
el
248

= ——6d
12

82

273
20

Hence, Mean = 8 and Variance = 3 Ans.

Of the students in 2 school, it 15 known that
0% han_re 100% attendaace and 70% students
are irregular. Previous vear results report that



70% of all students who have 100% attendance
attaln A prade and 10% irtegular students attain
A grade in their armual examination. Atthe end
of the year, one student is chesen at random from
the school and he was found to have an A grade.
What is the probability that the student has
1D0% attendance ? Is regularity required only in
school ? Justify your answer. [4]

Solutlon : Consider the following events :
A the student has grade A
E;i : the shudent has 1005 attendance.

E:: the student is irrepular.
Then, probability of the students heving 100%
attendance:
P{E1) = 30% =03

Similarly, P{Ez = 70% = 0.7
Now, by previous vear report, the probability
of the students having grade A who have 100%
attendance ;

P{ASED) = 70% = 0.7
and the probability of the students having grade
A who are irregular :

PlA/ES) = 10% =0.1
Then, the prabability of the shadent having 100%
attendance whe already has attain A grade

= P(Ei/A)
By Baves’ theorem,
P(A (B PE) }
Al=
PR = BR TR Pl + POA /B PlED)
_ 0.7 x0.3
T 07 x03+01x%07

_ 21
T M47

with

B
W | Ca

= 45%
Mo, regularity fa required in school a5 well as in
life

It helps tn be disciplined in every aspect of life.
O, when you work regularly, inspiration strikea

regularly. Ans,
. Maximise Z = x + 2y
subject to the constraints ;
x+2y =100 -y =0
2+ y =< 200 %y =0
Solve the above LPP graphically. [4]

Solution : Given,
Maximise Z = X + 2y

Subject to the constraints :
X+ 2y = 100
2y +y < 200
Converting the inequationa into equations we
obtain the lines
¥+2u =100,
2r -y =1,
2x + =200,
Then, X+2y= 10D
x | 0|10

y | 50| 0]

x-y=0
Ly=0

2x-y=0

ancl 2x+ ) =200
x | 0|10

¥ |200]| D

Plotting these points on the graph, we get the
shaded feasible ragion is., ADFEA.
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Corner points Valueof Z=x+2y
A0, 303 o+ 2030 =100
D (20, 40) 20 + 2(40) = 100
F (50, 100) 50 + 2(100) = 250
E {9, 200) 0 + 2(200) = 400

Clearly, the maximum value of Z is 400 at {0, 2009,
Ans,
SECTION — D
. Determine the product:
-4 4 41 -1 1
7 1 3l |1 -2 _2 and use it to solve
a-3-1 2 1 3
the system of equations x—y+ z=4,x-2y-2x=9,

Zx+y+3z=1 [6]
Solution : )
-4 4 4
Let A=|-7 1 3
I e |
DR
and B=]1 -7 -7
2 1 3

—4 4 4|1 -1 1
Then, AB= |-7 1 3| |1 -2 -2
5 -3 -1{ ]2 1 3
[-4+4+8 4-B+4 -4-B+12
=|-7+1+p 7-24+43 -7-2149
F-%-2 -B+p-1 S+b-3

=  AB= =8I

[nir B wie B
= m o
[ = = QR e R e

= AB = 81
= ABE'= 8@}
= .;-a =l e
Now, consider the given systern of equations :
t-y+z=4
F=-y-2z=l
+y+3z=1
" which can be expressed as BX=C,

1-1 1
wherte, B=]1-2 -2
2 1 3

2 &
X=|y|andC=| 9
z 1
X=F'C
:%m: (using ()]
-4 4 4]|4
)(:-]; —7 1 3| 9
B_ e eI
[—16+36+4
=% _28+9 +3
| 20-27 -1
1[ 24] [ 3
= 3|26 || 2
-8] |
z]1 [ 3
X=|¥|=| -2
z -1
x=3, y=-2, z=-1 Ans.

q

25. Coneider f: E-[— E}—}R—{g} given by

dx+ 3

bl L i b-. i * i H‘
ity irid Show that f is bijective, Find the

inverse of f and hence find #7() and x such that
=2 6]
Soluton : Tor one-one :

4
Let x, vy = B- [— 5}

and Ao =AW
dx+3  dy 43
3xr+4  3y+4

(4x +3) (W +4) = (3x +4) (4y+ 3)
Lixy + 162 + 9y + 12 = 12xy + 92 4 1oy + 12
162+ 9y —9x— 16y = D
fx-Py=10
Zix-yy=10
x—y=10

Y L

=y
Henge, f is one-one function.

For onto :
4
Let ¥ ER—{E},HIEH

fa) =y



dr +3
™ axed Y
= dx +3 = 3ay + 4y
= f4—3ylx =4y -3
4y -3 )
= =33y v}
4 4y -3
e g
A Tomy
dy -3 1
Also 43y 3
A L
Since if, 23y Sy
= 12¢y—-9 = - la+ 12y
- % = 16 which is not possible.
dy -3 - 4
Thus, x= “3y eR- {—E}sm:hﬂ*nat
' 4y -3
= f
e ’[4~ﬂy]
4(:3";3)+3
S ﬁ:xj,;. _L
4y —3
3 +4
(i)
_ ley -12+12 -9y
T 12y -9+16- 12y
7y
7
= fix) =y

Hence, every clement ve R
imagex R - {_%}

_Henfe; fis onto.

_{-g} has its pre

=»f is one-one and onto, so fis invertble.

Mo, fix) =
= iy =x
o 4y -3 :
=3 Fru = 1-3y [fomey ()]
4x0-3
£ {D}'— 4-3%x0
~3
=%

“=Anwer ie oot given due tn the change in present syllabus

10

Alsogiven,  fl(m) =
4x -3
ki 3%
o dr -3 = B-fx
o 10x = 11
1
= = 10 AnE.
OR

Let A=0 = andlet*be a binary operation on
A defined by (g, b) = (c, &} = (ac, b + ad) for {a, b),
[c, &) = A. Determine, whether « is commulative
and associative, Then, with respect to *+ on
A‘l—l-

(i) Find the identity element in A
(i) Find the invedible elements of A.

Show that the surface area of 2 closed cabaid
with square base and given volume is minimum,
when it is a cube. [6]
Solution : Lot the length and breadth of the cuboid
of syuare bagse be x and height be .
Then, volume of the cuboid (¥} = X%y
v ;
= = L)
X
Now, surface area of cuboid,
S =2z + yx + yx)
= S = 20r*+ 2}
- 5= 2[::2 +Zx(-v-]] fusing ()]
I,Z
= 5= 2 [xi + EJ
¥

Now, differentating 5 w.r.t. x, we get

d5 v
o z[z ——2]

X
For maxima and minime, we have
E ]
=
= '2[21—2—;} =0
x
) 4 x-iz)=ﬂ
x
= - or= ¥
; vV
MNow, 2[21 ﬂ') [ ——2]
X

Again dil‘fermhahng w.r.t x, we get

2
:;IS 41 1+— ]



27

2

28] = (1 T)-ren
a3 v

Thus, % is minimum when x = 3V .
Puttingx = 3% in (i), we get

V.2

¥ a?
= ¥= x
Hencea, it is a cube since the length, breadth and
height of a cube are equal. Hence Proved.

Using the method of integration, find the atea of
the triangle ABC, coordinates of whoue vertices

are A {4, 1), B &, &) and C (8, 4). [sl
Solubion : Wehave, A(4,1), B {6, 6) and C(8, 4} as
the vertices of a triangle ABC.
x:
F8
7
et
4
4 4
5l
21
1]
— g:x
Ol v 2 3 4 5 6 7 8
¥
Then, equation of ABis
- e O i
o~-4d 6-1
= E=de W=l
z >
= 5x—20 =2y—2
=  Bx-2y-18=0
5x—18 ‘
— ¥ = 5 {1}
Equation of BC is,
) ¥—1
B~6 61
- x—6 _¥-6
2 -2
= 2y +12=2y-12
= -x-y+24=10
= r+y—-12=10
= y=12-x i)
and equation of CA is
x—-8 ¥4
i-8° 1-4

11

-3 ¥y—4

i
= =T
= =dxr+24 = ~dy +16
~3x+4y=8=1 (i}
= _ Ix—3
o EE

Clearly, Area of AABC = Area of trapezium ABDE
+ Area of trapezium BDFC — Area of trapezium,

ACFE
Ilence, amea of AABC

= (5" 13]@ +ff02-nde j'[h E]dx

ax
_|:T—9x Zx——z —--—-21‘
5[6} 5{4} (8}
(S s {5 )

(o) (52 ()

:{_45—54}—(20—36] + (96— 32) - (72~ 18)

—{24 - 16) + (6—8)
=-9+16+64-51-8-2
= 7 8. units, Ans.
OR

Find the area enclosed between the parabala
4y = 3x* and the straight line 3x - 2y + 12=D.

Solution : Given, the equation 4y = 3x% and
I -2y +12=0.

) 3y ?

ie, e ()
3

and y=>+6 )

Solving these equations, we pet

4y m 3xd

4 412y

e o o e e e



3t _ 3¢
g T
A _fr-24=10
2o2x_8=0
H_dr+2xr-8B=10

+6

Cxilx-4)+2x-4 =10

b 0wy 4

x+x-d =0
Cx=-—2.4
x=-2 ¥=3

z

andatx=4, y=12
‘The points of intersection are (4, 12) and (-2, 3).

-~ Required ar:.alu _E-,(? + ] ~J.4 32 -dx

_+E,|‘j

.{54+3}
= (12+24-3+412)-—
= 48-3-18
= 27 84, units, Ans.

. Find the particular solution of the diﬁerenﬁa]

equation (x— y) dy = (¥ + 2y}, given that y = D

whenx =1 6]
Solution : We have, .
o L ] +2
{(x—y) = {x + 2y)
dy  x+2y A
i M Sl | sl
= dx X—u )
Putting ¥y=ox
Pri
anl Y i’+x—v
dx iz
dv x4 2px
VX — =
=2 dx T—Tx
'
2 v+x—v L 1+2v
dx -
- EE?_ 1+2:J_
g 1-p
do  1+20-—v+0°
= dx 1-2

29,

(=10 +12) - (y—2) (P- 6=

12

—IHU'? dv=g
1+ v+ v by

On integraling bath sides, we get
1-w dx
[t
1+n4+07° x

L 3-1-2v

2 {2+l 1 5
—=tan ](- = ]---210g|1+v+u_ |

=log|x| 1T

D)
Now, given =0, whenxr=1
5553

w@m—l[wju%mgnmmpc

V3
g 2 1 \IIE'E
C=+3ta ‘( S
= V3 tan \E] -
FPulting the value of {in (ji), we get

=
[ 3
43 tan 1[—f€:] —Io g|x +xy+y2| AL

Ans,

Find the coordinates of the point where the
line through the points (3, - 4, - 5) and (2,-3,1),
crosses the plane determined by the paints

(1,23, (4,2,-3)and (0,4,3),

Solution : Equation of the plane determined by
the points (1, 2, 3), 4, 2, - 3) and {0, 4, 3} ix

which is the required snhm_un.

x—1 y-2 z-3
4—1 2-2 —-3-3
-1 4-2 3-3]

=0

Cx-1 y-2 z-3]
3 0 -6 |=D
-1 20 |
(z—3)(6-0)=0

125~ 12 + 6y = 12 + 62~ 18 ==

12x 46y +62-42=0

=

==



=5 2ty +z-7=0
= ZXty+z=7.u0)
MNow, equaton af line through (3, — 4, - 5) and
¥-3 _ y+4 _z+5 o3
2-37 344 1+5

¥-3 y+4 z+5 _
-1 1 &
». Coordingtes of any point un line is :
P(-4+34—4 645
Now, the point P crosses the plane.
- It safisfics the equation (i) of plane.
o+ 3+ (- + (6L —5) =7

A

LE.,

= —Zh+B+h-4460-5=7

= SA=-3=7

= S =10

: =2

Herwe, the point of intersection is {1, — 2, 7). Ans.
OR

A variable plane which remains at a constant

distance 3p from the origin cuts the coordinate

axes at A, B, C, Show that the locus of the centroid
of triangle ABCis

1 i s &

1 1
ks

PR )
Solution : Let the coordinates of A, B, C are
{a, 0, 0), (D, b, 0 and {{;I, 0, ¢

s ¥
R{0.E, 0

13

- The equation of plane is:

Shueit e 1)

origin,

9+§+2—f
Then,  F= g
(7
==.l+l+.1'__1 (uj
a b E‘PZ

Iet the centroid of AABC be (z, ¥, z}

[a+ﬂ+l} D+b+0 {!+{J+c]
Z 5 ¢ 3 ¥ 3

=[£ ¥ E]
3'3°3

= aA=3x b=3y, c=3
Matting the value of 4, b and c in (i1}, we get

1 1 1 1

G GyF GF 9

A
-1

T

—st—st— =
gx gyt 97 9
10111
xt yz 74 Pz

Hence, the required locus of the centroid is -

F RSN .
ZTETE T A

Hemce Proved.



Mathematics 2017 (Outside Delhi)

SET II

Time allowed : 3 hours

Note : Except for the following questions, all the
remaining questions have been asked in previous

set.

SECTION —B

12, The lenpth x, of a rectangle is decreasing at
the rate of 5 em/minute and the width y, is

increasing at the rate of 4 cm/minute.

a1 =8 cm and y = 6 ¢m, find the rate of change

of the area of the rectangle.
Solufion ;: We have,
dx :
T 5§ cm/fmin
d
and & = 4 cm/min i)
dt
Now, area of the rectangle, A = xy
dA _ Ay &
= FTERPTRR”
dA
g =x{d)+¥(-5)
- [using (i) and (ii}]
e Ty

When x=8cm and =16 cm,

[f‘_ﬁl = 4(8) - 5()
8t latx= B,y=6

= 32-30 = 2an’/min
Hence, the rate of change of the area of the

rectangle is2 em?/min. Ans,
SECTION — C
2. Find; | a+ mszl:]ﬂ(i sin?@)
Solufion : Let 1= | sin a6’

(4 + cos® 6}(2 — sin” 8}

sin 8
:I 3 74
{4 +cos” A2 (1 —cos* 3]
_J sity O
¥ (4 +cos” 01+ cos’ B}
Putting cos 0=+t
= —sinédd=dt
1=,F -t
4+ 1+

Maximum marks : 100
ket = 7 o A2+ Bz
d+2)(1+t2) 4+ 1+8
—1=A{l+P)+B{d+£)

Putting =10, we get

-1l=4A+4B AT}
Putting # =1, we get
-1=2A+5R i)

Solving (i} and (i}, we get

oos 0

Ans.

21. Solve the following linear programming problem

14

graphically :
Maximise £ = 33x + 454
under the following constrainks
x4y <300
21+ 3y < 70
xz=dyz=l [41
Solution : We have,
Maximise Z = Mx + 45y
Subject to the constraints :
X + 1 = 300
e+ 3y =70
x=0y=0
Converting the given inequalities into cquations,
we obtain the following equations :
r+i =30
Zx+3y =70

Then, x4y =300

and 22+ 3y = 70
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Plotting these points on the graph, we get the 1 x-2 4
shaded feasible region i.e., OCDO, 1 0 -3 =p
Corner point Value of Z = 34x + 45y 3 3 -2
oWon 30 +45(0) =0 = 10+ -{x-D{2+N+4(3-0)=0
C (35, 0) 34(35) + 45(0) = 1190 . 9 _Tr+14412=0
D {0, 70/3) 30 + 45 {70/3) = 1050 2 7x =15
Clearly, the maximum value of Z is 1190 at x=13 Ans,
(35, Q). JADS. a3 Find the general solution of the differential
Find the value of x such that the points A €3, 2, 1), equation :
B (4 x 5,C4 2 -2 and D {6 5 - 1) are ydx—(x+ ) dy=0 [4]
coplanar. [l Solution : We have,
Solution : Given, the paints A3, 2, 1), B (4, x, 5), =[x+ Ry =0
C[‘i,l,—E}aridD{ﬁ,E,—l]. =l ﬁy
AB = 4i+xj+5k—(@i+2]+k 7 =AY
—f_’?’xﬁ'ﬁ";“" Jtk} . 5r+2y2
= i+(x-2)]+4k = W
and ;C = 4?+ x?—ii—(??+2}+i] ds 1’ .
A A ‘ = —+[_—]I =2y
= { -3k ay
AD = E?+5?—£~(3?+2?+E] whimisahmm:iﬁﬂﬂlﬁa]equaﬁunnfmefum
M ] s
= 3i+3j-2k £+Fx =Q
Since, the points are coplanar, then -1
¥ R wherp P=—
[AB, AC, AD]={] . ¥

15



and Q=2y
-1
e 1/y)
Now, LF = el P =£I ¥y oY =
5a, the required salution is
== [2y-~ dy +C
¥ 3 ¥
LS 2y + C is the required sclutiomn.
¥ Ans,
SECTION —D
z8. AR iathe dtameter of a circle and C is any point
on the circle, Show that the area of tiangle ABC

is maximum, whet it is an isosceles triangle.[6]

Solution : Let r be the radiuy of the circle then,
=2r{ ABisdiametar)

C
A o i ——h ]
o :
Let, B = ryunite
We know that angle subtended by diameter ina
circle is right angle
. L0 = 90°
Then,  AC = J(aB)? - (BC)
AC = 1}'{2?]2 Syt q’érz —x2 .
Now, area of AABC
1
A= E{ﬁc] (BC)
113
A= 0 dr Trz {x}

Differentiating A w.r.i. x, we get

dA 1 2 7 1
= i -..f'xlr -,
dx 2{ 4t x?
g .2 2}
—{4r —x
22 )
2
A 1{ 2 = -2 p
= e i e T
dx 2{ 1.;'4;-'2—::2]

1|4rF —x? - ¥?
20 fl-rl—xz |

29,

16

@ 4r - Ex
dx \||' 4 -

The critical numbers of x are given by % =0

P, P ;
= L Y e i o
2 u'r4"2 =0

= -2 =0 .
= iyt = 2ot
r=f2r
Now A _1 {4, lﬁ]
’ #x 1|'4r2 x

Again, differentiating wr.t, x, we get

a1

il o — 4y

o2 z{‘ uz;z—

-1 _as2
+(4r2—212}(—](4r2—xj dx[ E}}

£a_1] -4 x(@’-20)
a2 fgT o - 2P

[JEA] 1| -a{J2 )
= | 7 R L e e
ax* Lo 2| yar® - 20t

J J2r(dr? - 4#}}

PEIEPYIST
- 22¢
£ =—2i)
2
Thus, A is maximum when x = 2 r.
Putting x = /2 r in {f),
]
AC= 12 -(v2y)
— \ET
BC = AC=+2r
Hence, A 1s maximum when the triangle is
isosceles. Hence Proved.
2 -3 5
fA=|3 2 —4|, find A™". Honce using
1 1 -2

A lsolve the system of equations 2¥—3y + 5z =11,
3 +2y—dz=-5,x+y-2z=-5. 6]

Solution : We have,
2 -1 &
A=l2 2 -4
1 1 -2



2 -3 5 o 2 1 Jo -1 2
&A= 3 2 ~42 adiA=].1 -9 . 5/=2 -9 23
1 1 =2 2 23 13| |1 -5 13]
=244+ 4)43(-6+4+5(3-2) 0 -1 2]
= 20} +3 (- 2) +5 (1) T ﬁ_adjﬂ:il 2 -9 B
=120, |1 -5 13
Henge, & is invertible and A~ exists. 01 -2
Let Aybe the co-factors of elements a;in A = [45]. =|-2 9 -23
Then, ~-15 -13
Aj = il 2 _4‘ =0, Nenw, the piven system of cquations is cxpressible as
1 -2 2 -3 5|[=x 11 ]
Au=|[_1]|1+1|3 —‘1‘=2 3 2 -4lly|=|-5
|1 -2 1 1 -2]]z= -3 |
A= 0 ‘;" -1, or AX= B
S 7 .3 5 ok 11
Ay = (-1 i _2‘ Sy where, A=|3 2 —4|.X=[ ¥ | andB=| =5
s s 1 1 -2 z | -3
3
Ag = CVPHT l=o9, Now, AX = B
a = A7AX = AT'B
Az = (1P 3|__:
1. 3 X~ A'B
Ay = 1P _i z’=z, (01 -2 1
= X=|-29 -23{ -5
2 3
—r_1P-2 _ -15 -13])]1 -3
Az = (-] 3 _4 .
= (133 i
. - 3
Y=t yal a2y Ans.
L]
Mathematics 2017 (Qutside Delhi) SET III
Time allowed : 3 hours Maximurh marks : 100
Note : Ixcept for the following questions, all Solution : We have,
the .{emajning questions have been asked in Volume of sphere (V) = 4 g3
previous sets. 3
wherc, v is the radius of sphere,
SECTION —B Mow, diffcrentinting ¥ we.rt. £, we get
12, Thevolumeof a sphere is Increasing at the rate of
ay _ 4 2 dr a
& cm/s, Find the rate at which its surface area a E“gr i =Bem’/s
is increaring when the radius of the sphere is 3
12 rm. [2 = axr? = = Bemd/s

17

dt



dr 2 1 )
= e ch f4 1)
and surface area of sphere (S) = dnr™.
Then, differentiating 5 w.1.t. £, we got
45 dr
e T el
apmaRe |
a5 - -
= 2 o= g Tusing (1)]
di o 5
s 16,
=5 E = cm</s
When+ =12 cm,
'fs'] L
ah o, T3

TTence, the surface area is increasing at the rate of

2 /s when radius of sphere is 12 cm.  Ans.

SECITON —C

. Solve the following linear programming problem
graphically : 141

3

Maximise Z = 7x + 10¥
subject to the constrainis
dy + by = 240
6+ 3y = 240
x=10 .
r=0y=20
Solution : We have,
Maximise Z = 7x + ik
Subject o the consiraints:
dr + Gy = 240
fx + 3y = M0
r=10
xazdy=2(

Converking the given inequalities inio equations,
wae obtain the following equations :

4x + by = 240
fx + By = 240

x =10
4x + 6y = 240
0
40

Then,

B
?]

18

"z 0 |40]
v |80 0
and x = 10 s a line para]]ele-a:-us
T WHE ||||| i
: L
3 1]
SRS 0] il
_':?tf.'.._ [T >
N
| iy S
HHTRDA(OEA)
{1111 ____‘*'“_,D Elﬂfja'ﬁ;l---_
T (0, 20)
S e
= e oS
}i"_'llj- T ; ﬁ_' HERE CEfE—
182011 50H40EB0-50707 801 804100
O Y' L E..". |
TN e
EI:J‘EEQ,: "
H— %w
T e s BB
Nljfims=SEEE 'rl.lﬂ ==

.Fde

Plotting these points on Hic graph, we gE’r the

shaded feasible region i.e., DEFGD.

Valuz of Z=7z + 10y
7(40) + 10(0) = 280

7(30) + 10(20) = 410

E (10, 200/6) 7{10) + 10(200/6) = 403.33

G {10.0) 7(10) + 10(0) = 70

Clearly the maximum value of Z is 41{ at (30, 2(}).

An,

14]

Corner points
Di4d, 0)
E (30, 20}

e ix
—1F e+

j_f:"d-‘.f —
(e* —1)% (e +2)
Putting, ¢ =t and cdy=dt

it
IzI{t—uZ{Hz:{

1 AL B
g2+ t=1 ¢-17
T=A(=-1(E+2)+B{t+2)+ C{t-1)

Putting £ =1, we get
1=38 =

Solution:let 1=

C
+
t+2

B=1/3



Putting f = - 2, we get
1=9C =
PuHing £ = 0, we get

C=1/9

1=-2A+2B+C
= 1=—2A+-2-+1-
3
= A=-1/9
_ul 1
T8 -1
=3 -r 1 1 1
d. B dt + = dt
1(1_1]2 QI[HE)
=:=-I—_—110 |t=1]- 1 +11 |¥+2[+C
g B 3.@-1 98
o I—llc- |Er+2[— 2 Ans,

R rE T

— A A A —+ M ] Ll

Fap=2¢{—j-2kand b =7i+2j-3k, then
_}

express b

— - —%

By is parallel to a and b is perpendicular ta

=

a. 4]

Solution : We have,

—3 AA

A —2 2 M A
g=2fi-fj-2kandd =7i+2f-3¢k,

- — =
inthe formof b = b + B, whete

-+ -5
Since, b is parailel to 4
— -
by = he
=¥ M M M
By = 2hi-hj-2Ak
—» - —
5o, by = B-By

7i+27 -3k =(@hi -A]—24%)
P A . ~
=28+ 2+ A)F+(=3+20)FK
-
Since, &y i3 perpendicular to :-:
- =
a-b =0

L@l =GR T4 e ) T i3+ 20 k=0

= A7) =102 +4)—-2=3+20) =0
= 14-4h-2-h+6—4h=0
=5 —9u+18=10
= 9 =18

A=2

19

- [di-2j 4R+ (BT 4] HE)
- =

= bl + by Ans.

. Find the peneral solution of the differential

dif

-
Hence, b
.
b

equation E_y = gpin X, [4]
Solution : We have,
%—y =gnyx
which is a linear differential equation of the form
Ay
- A - P
dx+ Yy o=
where, FP=-1 and Q=sinx
Mow, LF = Edex=ej—1dx=e_x
So, the required solution is

ye = = Je ¥ sinwdx +Cy (L)

H)
: - d —x
1=sinx]e d.'r—j(a;{m'ix}]e rix]dx+Cz

et 1= Je “sinxde

= [=—sinxe*+foosxe Fdx Gy
b, I-—sinxe-r+m5xlﬂ_xdx—j[-£ (cc-sx]]’e“’dx)
dx+Cq
= I=—sinzxe “—cosx e —Jalnz-¢ Tde+C,
= I=-sinze*-cosx-e-1+C  [using {i)]
=M =-e*gny+cosx]+ s
o
= I= - € T (st x +cos x) + Gy
By equaticn (i).
=]
et e ?e ¥ (sin x +cas ¥} + C; +Cy

2y = - (sinx + cos r) + 2Ce*
( GQ+G=0
o 2y =20 - sinx—cos ris therequired solution. Ans,

SECTION — D

22. Awindow is in the form af a reclrngle surmounted
by a semiclrcular opening. The total perimeter of
the window is 10 m. Find the dimensions of the
window fo admit maxdmum Hght through the
whole opening, [6]

Solution : Let ABCT} be a window of rectangular
farm surmounted by a semicircle with diameter
AB. '



Given, Perimeter of the window (T) = 10 m

The critical rumbers of x are given by % =0

= 10 - dx ~mx={
= —x(d4m)=—10
A i 10
= * 44 x
2 da
& Mow, o =10 -dy —mr
ax
differentiating Again, w.r.t x, we get
5] T < 5
d_lﬁL. -_4_ﬂ=u(4+1|:]{ﬂ
Let the length and breadth of the rectangle be 2x L
and 2y respectively. . il
. Thus, A mmaximumwhenx= ———m
Since, " =10m d4m
Wy, PEEEr Now, length of the window, 2x= :
= dy = 10-2x-mx 4+1
= dry = 10z-22-mxd i) and width of the window,
10 -2z - mx . .
Now, area of the window Ay = — fusing (i1]
1_2 10 ;S 1
= 2x)(2) <+ = —_—— e ————
2 (2 (2y) Em 44w 2 44m
- A = 4xy+—1-m\:2 10{d+w)-20-10m
222 S . 2{4+7)
= A WEJXE = die % SR _ 20+10m—20-10n
Fusing (i)] - 2(4+ 1)
= A = 0 2o Dl _ o
2 441 10
On differentiating A w. 1. & x, we get Also, radius of the semi-circle js [Z+ x-]m
dA Hence, the dimensions of the ractangular part of
the window ate ——m and ———1m. Ans,
4+n 4+
Mathematics 2017 (Delhi) SET 1
Time allowed : 3 hours Maximuam marks ; 100
SECTION — A on comparing both sides, we pet
k=<1 Ans.

L.

¥ A s a3 x 3 invertible matrix, then what will
be the value of k if det (A™) = (det 8).  [1]
Solgbon : Given, A is an invertible mafrix.
ANT=1

= det (A.A™1) = det ()

= det (A)det(A™ =1 [~ det(T) = 1]
= det(A). (det AY = 1 [* det{A™)=(det A)']

(det AY = Gomy

(det AY® = (det &)

20

Determine the value of the constank %’ so that

1]

is continuous
aft x= [}, [1]
Solatim : Given, that the function is continuouns
atx =10

B,
—, if x<

the function £ (x} = <] x|

3 ,ifxrD

lim f{x) = lim f{z) = £(0) i
r= 0 [y

lim f{x) = lim o

;’—;,I:I'_-I 0 [II



Flim X Solution:  Let A =[z;] be a given matrix
PRSI Since, it is skew symunetric A" = - A
= k-1=-k a5 = — &y For all 4,
- F a = - = N
Ihﬂ+ Hay = I]_tl-;l.f sm=3 = g = — Qi For all walues of
From equation (f}, = Ly =) Bor all values of ¢
~k=35 = g = For all values of ¢
or k=-3 Ang,
; = 11 = F2 = 853 = rvvranen = g = 0
Evaluate ; Iz 3% dy, [1] .
; 3 Hence, all the diagonal elements of a skew.
x : : ; :
G {= ; &% dr = 3 “C symmelric matrix are zeto {as diagonal elements
log 3 A BT T 11} 622 weneer iy Hence Proved.
where C is constant of intepration dy %
1, Fod. Find -~ at:c-=1,y=zifsh12y+muy=1(.
1= 1053l3 -BJ"'C [2]
i Solution : Giver, sin’ y + cos xy = K
= Tog3 (27-91+C Lifferentiating both sides w.r. t. x, we get
= —13:3+C Any ?_sirlycosy.-ji--k[—smxy(xj—i+y]]= 0
If a line makes angles 90° and 60° regpectively . dy . dy .
gin 2y .o _ o i
with the positive directions of X and Y-axes, =~ 0 gy oW ysmay =0
find the angle which it makes with the positive P
direction of Z-axis. - 1] = d_y (sin 2y - x sin ¥ = ¥ sin xp
Selution : We know that ~ ; .
d
. . ) 2. J=E g
angd Im posce, m=cosfl, n=cosy I A |
Given, o=90° f=ad° Given, atx =1y L
1 From equation (i),
SLooos i =oos 90 = and cos Po=cos 60° = - m 1
2 E T Sl
. dy i I
From equation (i), o i 1
in — —1.sin : B
1 4 W2
02 + [— el
2 b
il 33 442 n
T T o B - .
4 4 ¥2-1  4(2-1
— CDSZ 'ir = % ] 2
Ja .4 [\E +1
= cosy= i? = e ;
i 4( V2] -1 )
=» r= msi[%] or cos™ [—_\G]
1 (V2 +1)
_E i - ey psis
= =% % 4
The volume of a sphere is increasing at the ate of
SECTION ~ B 2 cubic centimetre per second. Find the rafe of
Show that all the diagonal elements of a skew Increase of ifs surface area, when the radius is
symmetric matrix are zero, 121 2tm 2]

21



Splution : Let ¥ be the volume and » be the
radius of sphere at any time &

$..5
Then, V= Em"
Given, Y ¢ 3 em’fs

et
Thfferentiating V wrak. ¢, we get

E = —4 T 3‘?’2 % ﬁ

143 3 ot
= = dur’ j:

B oS ;
= 2" )
Mow, let S be the surface area of the sphere,
then S = 47r?

Differentiating 5 w.r.t. {, we get
di dt
= Smr 2 i
- 35 [Fromeq: ()
: i
whenvr=2

1

£)., oo
it s 2—~ Oy Sel

- Rate of increase af surface zrea of the sphere
i 3 square centimetre per second. Ans.

Show that the function f{x} =41° - 182> +27x - 7

is always increasing on R 12]
Solution : Given, f{x)= 4x? - 18x%+ 27k -7

Differcntating fix) w.r.t. x, we get

Filx) = 1222 - 6 + 27 = 3(dr’ - 12¢ + 9)

= 32 - 3’

3>0and (2x-3) 2 0

Fiixyzo

— The function is always increasing on R.

foremy re R

Hence Proved. .

Find the vector equation of the line passing
through the point A(l, 2, - 1) and parallel to the
Line 5x ~ 25 =14 - ¥y = 35z, [21

Salution : Given line is 5y - 25 = 14 - 7y = 35z

= Slx-5=-7ly-2)=35
x—5 y—2 z-0

= 15 = o 22 135
-5 y-2 z-0

= ?,- b T SR

Ditection ralios of this lineare 7, - 5, 1.

10.

11.

1%

22

& Vectar equation of the line which passes
through the point A (1, 2, - 1) and its direction
ratio are proporbonal o 7, - 3,1 is

3 ~ L .-':. P
r=i+2j-k+A|7i-5j+k Ans,
Prove that if E and ¥ are independent events,
then the events E and ¥ are also independent,
' I2]
Solution : Siwe Eand F are independent events :
PE~F) =T (E}.F (F) (1)
PENT}=P(E-P(ENP
=F(E-F FPF
=T (E) (1 -FF)}
=F {E) F (F)
. B and ' are alse independent, Henee Proved.
A amall firm manufactures necklaces and
bracelets. ‘The total number of necklaces and
bracelets that it can handle per day is at most 24.
It takes one hour to make a bracelet and half an
hour to make a necklace. The maximuam number
of hours available per day is 16. If the profif
on a necklace ia ¥ 100 and that on a bracelet is
7 300. Formulatke an L.P.P. for finding how many
of each should be produced daily to maximnize the
profit 2 It is being given that at Ieast one of each
musk be produced. [2]
Solution : Let the manufacturer produces x
pieses of necklaces and y pieces of bracelets.
Since total mamber of necklaces and bracclets that
can be handle per day are 24.
sq, xty<2d i)
To make bracelet ore reeda one hour and halt

an hour is need ko malke necklace and maximum
time available is 16 hours

[From (2]

%hys 16 (i)

Now, let Z bo the prufit and we have to roaximize
it, 80 pur LI will be
Maximnize Z = 100x + 300y

Subjert to comstraints ;
r+ysq

50,

1
—x+uslh
g

or x4 2y =32

and ryz1

iy

Find |[———.
Isz~l~:lx-|-ﬂl

[21

G S I-j‘L
Solubion: Let 1 =172  4ri8



=_I dx
2 +dx+d-4+B

_ Jd—x
(x+2)% +(2)
We know that,
[ LI ‘1x+|2
2yt A

where C is constant of inleg,ral.mn

I

Splubon : Lat

L.HS. =

1, _ +2

2 2

+ﬂ]+MM(£—A]

tanx+tanA tanE—tanA
4 p 4
K m
l-tanztanA 'I+mn‘1tanA

1+tanA+_1—I:.'Eli
1-tanA l1+tamA
(14 tan A | (1— tan A)?
1. tan? A
2+2tan® A
1—tan® A
2 {1+ tan® A)
1-tan?A
1
cos 24

1 i
u .2 =
cos X(Z bJ

Qe
arb

COs l."_'(]"'i b
2 _RHS
a

2%

2x

2

Hence Froved,

14. Using properties of determinants, prove that ;
x r+y x+2y

x+2y x

xly | =%+ . [4]

r+y¥ x+2y 4

23

x r+y  xt 2y
Salution : Consider, ¥ + 2y x x4y
T+y  x42y x

Applying Cy » G+ Ca + Ca, we pget
3z + 3y x+ 2!
3x+3y x  x+y

3x+3y x+2y x

L

1 x+y x+2y
I{x+w|1 Y. kY
1 x+32y X

3ppl}rmg B3 — Ry - Ry and Rz — R - Ry, we gel

0y oy
=3+l x x+
0 2y -y
= 3+ -y -2y
{expanded along Cq}
=3(x+y 3
=9 (x+4) Hence Proved.
OR

zZ -1 5 2 25
tensy b n=(; 1) e=(s ) ama
a matrix D such that CD - AB =10,
Enlutiun:Lecheth.cmﬂi:ixn{nrdar?_xf—l:

a b

B o
CDr- AR =10
N = AR

2 5|l B| _[2 -1][5 2

3 8/l 4 3 447 4
22+5c 2b+54 3 0
= |3e+8c 3b+8d[ " |43 22
(o comparing both sides, we get

2a+5c =3 (i)
2b+54=0

Givan,

= b= Td—
Ja+8c=43 wolid}
3b+BI=o22 vor| 1)

—5d
Substituting b = = in gyuation (i), we get



15,

_5d
3|— |+84 =22
['2 J*

= 215 e =22
2

= - 154+ 1od = 44
= i =44
: wh
Also, b= Td

=5 *4t=-110
From equation {1},

_ 3-b¢

# 7 7

Substituting in equation {ii), we get

3[3"25‘"’]”:3 = 43

= 9-1hc+lar=Ba
= £=977
I-5x77 23-385
— B= T ¢ 3
— 382
= mg oSk

D= [—191 —Ill’]}
77 44

Differentiate the function (sin x)* + sin™ Jx
with respect ta x. 4]

Solution : Let y = {sin x)* +sin”
Let,

Ly

n= (sinx)and v = sin” ! vz
: y=ut+o
Differentiating ¥ w.r.t. x. we get
du do .
% e +E Lali}
# = (sin x)*
Taking log cn bath sides,
log # = log {sin x}*= x log sin x

Differentiating w.r.t. x, wc get
1du

1 dx

- cos x + log gin x
siD ¥

e
— = [reotr+logsing
= dx [ & ]

= (sin #}* [x cot x + log sin x|

Also = sin"l4x

- Differentiating » w.r.t X, we get

LN, D . - e, fiii)
dr  fle-x 2fx AW f1-x ™

From exuations (i}, {ii), and (iii}

1

I-"—-1"r=[aa.in x) [xcotx + log sing x] +

1
dx PN

oR

2
If x™y" = {x + ¢)™ ", prove that dxg_ =0,

Solution : Given, ¥™y" = (x + )" " *

Taking log on hoth sides, we get

log x™y = log (x + )" * "
mlogx+nlogy=(m+#n)log{x+y)

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

=

L m+"[l+ﬂ]
x oy odx (xt+) dx
mon d_yﬂ m+n+m+ﬁd_y
= x+y‘dx ¥+y x+y dr
d_y nomtn) _ min w
¥ dxhy Xty xr+y X
dy [ nx+ my —my —ny |_ [+ 0L = PR oY
= -
dx #lx+y) x (x + y)
- dy _ ¥[nx_my
= dx | Aax—miy
_ LN
dx x
Again, differentiating w.r.t. X, we get
diy xg—y
k22
¥_
i xX ¥
W2
= q =) Henre Proved
x
2x
— i [
16. Find | (2 + 1" + 28 el
Solution :

24

~ 2%
b= '[li:::z+1}(:x-1+2)"d|"'r

1.et



Putx*=¢

— Zydy = dt
_ &
N+ ”
Let
a— N 2
(t+1)(E+27 t+1+r+2+{¢+1]2 i)
o 1 _AG+2P B+ D +2)=Ct+1)
(t+ 130t + 25 (413 (¢t + 2

17.

1=AF+2P +B+ D+ +C ¢+
Equating coefficient of 2, ¢ and constant terms
cn both sides, we get
A+B=0 i)
4A+3B+C =0 (i)
A +2B+C=1 (i)
Subfracling equation (iif) from (if), we get
B=-1
Substituting B = -1 in equation (i),
A=1
Substituting the valucs of A and B in (i), we get
4-3+C=10
= C=_1
From cquation (A),

; 1 e 1 [...1 ]-I- _—1
F+DE+* P+ AF+2 ) iy

o —

{t+1(F+2)° “
_ [—:r%-]] }_ WEEY 1

S R e

1
=1 _ 5T
log i+ -log(#+2) +H2+C

where C is constanl of integration,

_[ 2xdx =Iucrx+1 1 +C
@2 1P P (a2 Pz
Ans,
x rsEnx
Fvaluate ; | ———— dv
I %1 4costx [4]
rsinx
Solution : Let, I = TS dv
‘F 01+ oo’ x o

J-z {r—x)sin{x-2)

0

1+ cos” (m—x)

[« [ ras= [} fa-na]

25

n(%—xhsinx

b et 4]
Adding equations (i) and {ii), we get
T BN
d=r ¥ 1 +eps?
Muteaosx =t
= - =sinxcdx =g
when xw0, ¢=1
and whenx=m,t=-1
ol o[t
Y S
= =T : i 1 e
L g [ f s pear]

=21 =:1t.(tan“1f]l_]= xtan~ 1—tan™ (-1)]
: 2
n ny| =«
:’ﬂ=n[z—(—i]‘lz 2'

OR

Evaluate : I;m| xsing x]dx.
Solution ;

Letl = J';H[.rsfnrc x| dx.

xsinny, (Uzx=1

|xsinmx| =
-xginTx,

1£x£?
2
] = j; (xsinmxply +J'f”'rl {x sinmwxhdx
- _[Dl (xsin wx)dr- Jfﬂ(x sinwx) dx

Applying by parts on both the integralz, we get

1
[ = [—xmﬁn x]ﬂ I cosmy
b 8

[(---xcnﬁ Jl:x]s'ﬂ i/7 COSTX ]
- o _J'l = dr

3-1-2w dx
—dp = [—
=2 l+e+w x

dx
T

o e e
2 2

i ; ;
= = - +g{sm:r:lel?"2]




T 1 v TFrom equation (i}, we pet
.—+—1{5m11:--~5inﬂ} e (33} B
T

i ; i
_[G__1+-L[5i il sinﬂ] I—_- =y
" g 4. Tz
I _— 2, ; :—--lugt——x—lcg——1::ngx+logA
- gy b e
i L r [ J 05 l £x +C]
2 =
2n+1 - 2 m
=1= po Ans. where log A is constant of integration.
18, Provethatx®—y= o+ ") wthe general solution of g w1
the differential equation {* - 3xy") dx = -3y} dy, Elugl+z-11uyﬂlﬂgﬁx
where ¢is a parameter. [4] 3
Salution : Given differential equation is, = ; .1 log [I;z-] 1 = log Ax
{xe'—ﬂrxyz]dx-=(ya-3r7y}dy SRS
4
d 22 3 '
- = - xy D) ~ 1L
TP -ty =
Clearly, it is a homogereous differential equation. et log |- 2 4 =log Ax
Put i = vz [1+'%T [1_!;_4
: x x
E Wl
dx dx [:xz _y2]3 4
From equation (i}, _(xz}a
= 1 =
pp o 2B n? L0307 i et B
dx [‘ux}a —3z% (2%) x? (v° - 30) (x2y x?
- ;
- 4
4 . do . 1-3w s (12 _yz}a < _
de -3 i e | AR
(= +y7) -y )
‘.I—?zvz - v + 37° 4
1_U4 [1'1'1'}1"2}4
P ih:"“ =) (2 -y x - A
: ‘T’dyn_; (x +3%)
~7
- 22 AR +
On integrating Toth sides, we get = .{ P v) 6 19)
s 31: On squaring both sides, we get
SR =5 Ay = R (2 + i)

J —d‘r: sj cdv = ]— (i ehere iS00
Inihefirst mtegral (For LLFELE.) e yz = {xz + 1’,2]2 is the solution of given
Put 1-vh=1t differential equation Ans.
= - 4dv = d, = AR A W B s B T

3 1 19.I,eta=t+_f+k,b=f:mdr.'-c1f+czj+c3k,
= dv = 4 then :
In the second intc:gral, put s {a} Let oy = 1 and ¢z = 2, find c3 which makes
dE —
Eﬂda=dz=wdv=2— :,; and ¢ ocnplanar,

26



{b) K 3 = - 1 and c3 = 1, show that no value of
~+ —+ +
¢ can make &, ¥ and ¢ coplanar.  [4]
i =¥ Y P ] Fs
Solution : Given, 4 =i+f+k bh=14
— By B )

r=rcyi + C?:‘T-'f (-'3.5:
WWheny=land =2

— ~ A A

C = it+2f+eqk

and

- = -
Weknow that, =, #, ¢ are coplanar if

c)=0 i}

— — 3
Given, [a B c] =10

e A o 8 ) LT S - £ s
a(bxcy={i+}+k)l-cqj+2k) =0

= -n+2=0
=] EB':Z. AII.B-
by When g=-land o5=1

: - A a A

C =0 Il—j+.k

Y J'E ey
i § k
- = - A
Bxc =1 0 0 =-j-%
s

From equation (i),
[ LY - s L
fi+i4k).(~j-K)=0
= =1-1 =10, which is not possible

) -
= No value of ¢; can moke 4,% and ¢
coplanar. Hence Proved.

— = —
- ¥ @, b, c are muhally perpendicular vectors
of equal magnitudes, show that the vectar
-+ a4 —

- —

& + b+ ¢ isequally inclinedto a, b and ¢,
e

Alsqg, find the angle which a + & + ¢ makes

4 -+ — ¥
with 2 o¢ b or . [4]
- -+
Solution : Let | a{=[ & |=| ¢ |=i wli)
- = .3

Now, #, #, ¢ are mutually perpendicular

gy — 3 - =
Wehave, a. b = b.c = ¢.z =0 (i)

i - = 3 =3 3 -3
(a+b+b) = (a+b+c)larbee)
e e T S S T A A gy
= a.a+f.b+a.c+b.a+k.}
~ = 3 33—
+b.c+c.a+c.b+e.c
- = —+ :
= |4 +[B P | P =37 fusing ()
= O =
= lga+b+c| =30
-+ =~ =3
Suppase # + & + ¢ makes angles By, {3, 83 with
— -

-
2, b and € tespectively, then

e e R i 4 TN SET e SF
(dtb+cla)m|a+b+c|[n|cond
ST R T
=a.a+b.e+c.a=431 heosty

= |22 = Balcasty,
[usimg (ii}]
= al=2)2 oos &,
= Cuy By = % |
— E.l - CDE_I (%)
, -1 1
Similarly, Ay = CO3 [ﬁ]
el
b Oy =Gy =195
- = = -
Llence, @ + B + ¢ is equally inclined with a, &
and ? Hence Proved.

. The random variable X can lake only the values

0, L2 3Given that P(X=0) =P (X =1) =p
and PiX =2) = P(X = 3} such that Zp;x%= Tpa;
» find the value of p, [

Solution: Given, P(X=0)=F(X=1)=pand I'(X=2)
=P(X=3

Let PX=2)=PX=3=t

X 0 1 2 3
Pl | p | p | & | k
also given that Zpa? = 25pp;

= D+prde+ Ok =20+ p+2%+30)
= P+ 13 =2(p+5)

= 3k = pr w[T)
alc we know that Zp; =1




= p+p+k+}c=]
= Zp+em]
=2 o+ 2k=1 [u=ing ()]
= Bk=1
i
or k—s
3
AnR.

From equation (i),p = 3

Often it is taken that a truthful person commands,
more respect in the society. A man iz known te
speak the truth 4 ont of 5 times. He throws a die
and reports that it ia a six. Find the probability
that it 1s actually a six.
Da you also agrec that the value of truthfuloess
leads to more respect in the society ? 4]
Solution : Let Tj, Ez and A be the events defined
ag follows:

Ei = Six appears on throwing 2 die.

Ea = Six does not appear on throwing a die.
and A = the man reports thal it i3 a six
We have,

P (E1}=

o o | =

F(Ez)= ¢
Now P{A/Eq) = Probability that the man reports
that there s a six on the die piven that six has
accurred on the dic = 4/3 (probability that the
man speaks iTuth)
and P{A/Fg) = Probability that the man reports
that there i3 a six on the die given that six has
not pocurred on the die (probability that the man
dies not speak truth).
1

1 1
M

By Bayed' theorcm, we have

P(ty)} P {A/Eq)
T{E;) FLA/E) + P(E;} P (A/Eq}

P{Eyf &) =

o

k4

4 L4
4+5 9

Yes, truthfulness always leads to more respect n
the socicty as truth always wins. Ans,

+

s =

]| it

£y | ek
Lo MR F .

28

23, Solve the following L.P.P. graphically :

Minimise 7 = 5x + 10y

Subjert to congtraints

x+ 2y <120
xtry =6l
x~-2y =0

and xyz0 4]
Solution : We have,

Minimise Z = 5x + 10y
Sulgect Lo the cansiraints

o+ 2y =120
X+ w260
-2l
and ry=0
Converling the given inequelities intu equalions,
we ablain the following equations :
x4+ 2y =120
x+y =06

-2y =0
x+ 2y =120
120

¢

al
0

=4}
a0
30

i

[Momes

:
e

Fitsr=

& 950:100 110120
her

e
HHT

"i’i’l’ilq—g-:il.

200 I: 'g_"ﬂ‘%:

‘I'he shaded region ABCD represented by the
giver. cansiraints is the feasible region. Corner
peints of the common shaded region are



A {40, 20), B {60, 30}, C (120, 0) and D 160, D).
Value of Z at each corner point is given as :

Curner Point Z =5y + 10y
A (40, 20) | 200 + 200 = 400
B {60, 30 200 + 300 = &0
C (120, 0} 600 + 0 =600
(&0, 0) 300 + 0 = 300 « Minfraum
Flence, minimum value of Z s 300 at (40, 03,
' Ans.
SECTION — D
1-1 2[|-2 0 1
+ Useproduct |, o .3 g 2 _3|tesalve
3-2 4f| 6 1 -2

the system of equations x+3z=9, - x+2y -Zzm4,
y-Fp+fx=_3 [6]

Solution ; Consider,

1 =1 (-2 0 1
g 2 -1 o 2 -3
3.2 4| 61 -2
[~ 2-9+12 D-2+2 1+43-4
=| 0+18—-18B 0+4-3 D-6+4
-6-15+24 0-4+4 346- 8
100
=0 1 a|=1
001
1 -1 2T [=20 71
Hence, [0 2 -3 | 9 2 -3
3 -2 4 & 1 =2

Now, given system of cquations can be written
in matrix form as follows

1 0 3l[x o
-1 2 -2 |y|l=| 4
2 -3 4|z -3
AX = B
= X=A1B
x] [ 1 0 aT'T o
y|=1-1 2 -2 4
z{ | 2 -3 4 —3]
1 -1 21 g
= 1|0 2 -3 4
| R =3

29

1 =1 21! )
=10 2 -3 4
[[3 -2 4 -3
x —2 0 i o]
yl={ 9 2 .3 4
z a1 -2 -3
-2 9 g1 r 4
=l 0 2 1 4
1 -3 -2| [-3]
X —16+ 3 —18] [0]
vl=| 0+8-3 |=|5
z 9 1246 3

= x=0 y=5z=3 Ans,

25. Consider f: Ry 3 [~ 5, =), given by
fx) = 95" + bx ~ 5, Show that f i invertible with

Po= [—-—“’y = _1]. I

Hence find ;

@ o

sce i 4

([ y # £y =

where R, is the set of all non-negative real
numbers.

Solution ! For one-gne -
Letwy, 22 Ry

) = fio)
= 9m? + - 5 = 907 4 bap = 3
= Oxi® -0 + 6 (11— x3} = 0
=>{xi — x3) (9 (x; + 22) + 6) = 0

Since Hxy + 2z} + 6> D [as x5, 2 & RBy]
=3 T—xp=0 [ x10E K4
Qr n=a

-~ FuncHon is one-gne

ot onbe ¢ .

For every ye|-5, == ) such that fx) = y

= 9’ + fix ~ 5=y

=@ +2°3x) -1+12-1* 5=y

= [3x+1}2a—6=y
= Br+1f=y+6
= I+ 1= y¥+5
A+ Jy+6
= e

=R,
3
- Fundtion is orto,



Since f s both one-one and vntw,
- Fonetion is invertible,

=y
—1+q'y-._ﬁ
= . wEfilmeds o =
1.|_“|"E — 144
1 = ——— = =1
©  Fra0=—3 :
Ans.
. - 1 4
(i) = 3
4 cltyfy+é
E: 3° 7 a
= 4m 14y +6
= 3= 4ktH
Squaring on bath sides,-
2F=y-a
or y =il Ans.
OR

26,

Discuss the commutativity and associativity of
binary operation #~ defincd on A = () - {1} by
therufe a+bh=g-b + gbforall, & be A Alen
find the identity element of + in A and hence
find the invertible elements of A%*

If the sum of lengths of the hypotenuse and a
side of a right angled triangle f5 given, show
that the area of the triangle i3 maximum, when

T
the angle bebtween them is - 1" [l
Soluton : T et 1, x and v be the lengih of hypotennse
and sides af the right triangle ABC.

A

B
B x C
From AABC
Wo=x+ )
= it = K- o

I A be the area of the triangle ABL, then

1 L. [ o7
,;:Exy=5x he —x

Ii

2 AT _4-(;-:1—:#]

30

Lct Al=3z
[alse gioen :
© i+ x = K fronstant)
=k -x]
% o
= Z'T{[R—I] —x%})

o

s

kit - 2k”
4

Differentiating ¢ w.r. L x, we gel

gz 2kPx —akyt

(k? = 2kx)

1

dx 4
_ Kx -k
i
Apain, differentiating w.r.l x, we get
&z K -k
&2 2
Pur maxima or minima
iz
Put o =}
Kx - 3’ -0
2
= kr(k-3g=10
= Yr-3r=0asx=0
(3 r= -
3
h-k-;r=5:—k --2-;—
V-
42 K
o 9
3 K
e
k
=3 y= ﬁ
k
whony = 3
[d_zz] o l[kz—ﬁkx-&-)
de2 L.k 2 3
3 _kz
= T = [
s Area of the Urlangle 1s maximum.
From AARL
x_ k3 1
cos0= 3 =32
or u=7—; Hence Proved,



27, Using integration, find the area of region
hounded by the triangle whose vertices are
I~ 2,1}, (0, 4) and (2, 3). (6]

Solution : The vertices of the AABC are
A{- 2,1}, B0, 4) and (2, 3),

Hyuation of the side AB is

e e rz_!h(x *1)
4-1 o3
= y-1= n_{_z}[x—[-EJ}—E(x_JrEJ
= y:%:&':—i
Equation of the ride BC is
y—4= 3 4[:: n}_—l
-1
= ¥ = z—x:—sl-
Equation of the side AC ia
1
" = 2= =[x+
y-1 2_{_2}{1 =2} 2':-1' 2)
— y=%x+2

|
had
1
-
=
—
v
(L IS
-
[
=

Required area = Shaded area |
=J—z( X+ 4];1:“_[ (—;x+4jdr I [ x-fl]dx

35t -1 4 f.[uz Wi
lz = +4.'J.’:|:+l:-2—.?+=1‘-_t’.u E.?—ZIJ_z

=+ 0)-(3-B)H(-1 + B0+ O)-(1 + 4+ - 4

=0+6+7_0-5-3

= 4 W, units. Axts.
OR

Find the area bounded by the circle

31

x? + 4 = 16 and the fine 3y = x in the first

.. quadraat, wsing integration,
‘Solution : Given, =3y
and ¥ +1F =16,
+ &
sﬁ

A% BIS, 2]

2,38 " X
L MAd, D

= (f3F-=* =16
3 47 = 16
— y2=4
e y=1
‘ = u'rE-y =23

B [21!@: 2} is the proint of interscction in fivet
yuadrant,

Required arca = Ares inder ORT. 4 Atea under
LRBA

= fu“ﬁ e T A

Tl T AR i
= ?[x—z +l:£~.'l|16—12 +1--5-i.1."l_l£:|:Z
Yan2 2 2 ikA

1 Ry
_= —— —1 T
2~f3{12 }+[[] 8 sin 1}
..[%_\hﬁﬁu,;gm-‘?]

: {
5 %+sx5—zﬁ-sain”“'z—3

ﬁ-,,.l3
= +4n - 243 —Ax—
3 - 243 1-:3

2/3+3% T 33

amr .
o Y- it Ans,

; d
28. Salve the differential equation Iﬁﬂf LE AL
+sinx, giventhat y=1whenx= 2. [61

Solution : Given differential equation is :

dy

I +y = . 1 4 &
N ¥ =xcosx +sinr



dy ¥ ginx
FrALE COs X =

which is of the form ix—y+Py=Q:

1 sin x
where P = —, (0= cnsx+—x-
xI

1
i f—dx
LF.= E!de =g =€1OEI =g 4

Required solution is
yLE = [QIF-+C
V.x= j[cosx+w]xdx+c
X

- [xcosxdx+ jesmxdr+C

x.j'msxdx—f[di x.jmsxd.r]dx
- Ldx
—~cosx+C

xy=xninx—-f5inxpix~ccsx+t3
ry=rsinx+eosxr-cosx +C
xy=xsinx+C i)

bud

n
Given, y¥=1whenxe= 3

From equation (i)
IKE=£H]ILF=‘+C
2 2
LI
e SRR E
E
= C=0
Substitute the value of €= 0 in (i), we get
xy=aginx

= y = sin x, which Is the required polution.
. Ans,

, Find the equation of the plane through the
line of intersection of ?-{2?—3}+4ﬁ; =1
and ;} -l?—}]+4 = ¢ and perpendicular to
the plane E -{I?—}+E]+3 = (. Hence fnd

whuther the plane thus obtzined contuing the
linex-1=2y~-4=3z-12 [6]

Solution ; The equation of the plane passing
through the line of intersection of the given
plencs is

Fa¥ 49 hay A fal
Pl27 - 3f +4k)-1+A( - Ni+4r-1=0
- LS ”~
&, 2+ -3+ j+akl=1-4h
— " A n
Taking * = xi+¥j+zk weget

32

R+W)x-PBriy+dr=1-4, ()
¥ It is perpendiculat to the plane
- Al A
Fu2i—j4+E)+E=0
Cartesian equation of this planc is
2r-y+z+8=0 B {11]
v Lquations (i} and (i) arc perpendicular
(2+a)2+B+R+4=0

= 4+B+I+Aa+d=0
= 11 +34 =0
1
or A= 3
From agquation (i),
]1) [ 11] -1
o lz=[3-=|y+az = 1-4x—
( 3 3 13 1=qx 3
= _—EI+E +4dz '—E
A e
= —hxy +2y+ 12z = 47
Required vector equation of this plans is :
—* A A S
i -51'+'2}'+12k) = 47 (i)

MNow, equation of the given line is,
x-1=24-4=3z-12

x-—1
= TEZ(y—E}=3{z-4]
rw] ¥-2 z-4
- =5
x—1 y—ﬂ z—4
= ﬁ_E_E;':_l

?B:tﬂrequaliunnfﬂ-ds]iﬁeia:
—3 [ fe A ~ Lt ” '
ro= [f32f+4k)FR(6E 43743k} (v}
Obviously plane (i) containe the line (iv) since
'l.'l‘l.EI:hﬁ'ii'[t?—]—E?-]—di satis(y the equation of plane
" E M E 2 Fa
(1ii) [as[i+2j+4k],(~55+2j+12k]=—5+4
A L]
+d5=47| end vector —5?+2j+12k
is perpendicular tﬂﬁ?+3?+2g as
) 4 ] I3 ] oo
[l:’-i+3j+2-k)-[—5i+2j+12k)
=.M+0+24=0
.. Plane (iii} contains the line {iv). Ans,

OR

Find the vector and Cartesian equations of a line
passing through (1, 2, - 4) and perpendicular



3a-16b+ 7 = 0 ()

3 —1& 7 — = _
I_-—_]E-y—I'J_Z—E I:lI'Id EJ] ba —ﬂ
a B ~5 Jat+fb-ac=[ (W)
Solution ; Cartesian equation of the line passing From equations {iv) and {v),
through (1, 2, - 4) is i 5 4
i S i 80-56  21+15 24+48
i e e el
a b t
Civen lings are sy = s
s +1% $-10
x B'H-m: 7 (i) a _E=_;_=q|: )
3 = 5 § T T say
and 1-';]_5 ey F_TEB :.Z;I?E ..t} = a=20b=3 r=0bA
Putting in (i),
I
Let by, by, by are parallel veclors of i), (i) and ¥-1 y—2 a+éd
(i) respectively : 2an 3 b4
¥ Ao A -1 y-—-2 z+4
< = alabjack =3 = 3 " g
T M N "
By = 3{-16{+7k which is the cartcslan cquation of the line and
— A A A vootor equation of this line is
by = 3i+8)-5k .
g e ﬂ] s
Given that (i) it perpendiculer to both (i) and e (! T2f-4k}a W21 +37+6k
{iii] Ana.
-+ -
= E?l 'EJZ = ﬂ
L]
Mathematics 2017 (Delhi) SET 11
TTme allowed ; 3 hoois Maximum markas ; 1
Mote : Bxcept for the following questions, all the when x =3,
remaining questiuns have been asked in previous d (chy
set. E[E]x=3=-—12K312=--?2u.n.it3,.-"sen

SECTION —B

12, Forthe carvey=5¢v—2x% ifxincreases atthe rateof
2 unitsfaec, then find the rate of change of the

slope of the curve when x = 3. [z]
Sclukion : Given curve iy,
¥ =58r -2

dx
and ias 2 onibs/ rec.
Differentiating v w.r.l. ¥, we pet

dy

2 = 5-fat

i

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

E(‘i_y] _ fap
dtl dx it

33

Thus, the slope of the curve is decreasing at the
rate of 72 units/sec when x = 3. Ang.

SECTION — C

20. The random variable X can take anly the

values 0, 1, 2, 3. Given that P{2) = P(3) = gand

) =2P(1).1f Zpx® = 2¥pery, find the value of .
[4]1

Solution : Given, T2} = M3 =p

and P{0) = 2P(1)

Let P} =k

x (o [1]2 3 |
Plx) | 2k |k ip |p |

also given fhat Epaf = 2 Tpa;




L

Converting the given inequalities into equations,
we obtain the following equations :

x+y= 50

Ir+y= 50

¥=10
Them, X+t =50 x+y=20
x -0 |50 x| 0|30
¥ [30]0 ¥ [90]|0

= O+k+4p+9p =200 +.k+2p + 3p)
= k+13p =2k+10p
or =k A
also we know that
=1
= F+k+pap=1
= Fk+2p=1
= % +2p = 1 [using ()]
= Np=1 '
or p= % Ans,
Using vectors find the area of riangle ABC with

vartices A(1, 2, 3, B(2, -1, 2 and C (4, 5, = 1).

; [4]
Solution : Vertices of the given AARC are 8(1,2.3)
B(Z -1, 4) and C(d, 5. — 1)

— i — LR s s A A
AB=0OB-0A ={(2i-j+4k)={i +2j+3k)
] - ]
=i=3j+k
- —% - "y LR Y L *y o
AC=0C_-0A =(4i+57-k)—(i +2]+3K)

-y Y P
= 37+37—dk
1 =+ -
Required area = —| AB x AC|
fa] ] Fa
ik
AB X AC = _ois7ie128
ABxAC=( . = ]

x = 1} iz a line which is parallel

points on the gr
shaded feasible region ie., ABCD.

|Ja:]':;x;c]=,|l'32 +7% 4122
= B+ =77g

- Area ofAABC = %qzm 5q. units

Solve the foltowing L. P. P. graphically
Maximise Z =4dx + v
Subject to following consiraints :
x+y = 30,
Ix+w = 9,
x =10
xLy=0
Solution : We have,
Maximise Z =dx + ¥
Subiject bo the constraints :
x4y = 50
Jr+y =90
xr=210
xny =0

(4]

Corner poinl Value of Z=4x + ¥
A (30, O F =4« 3+ =120« Maximum
B (20, AM Z=4»20+30=110
C {10, 400 =1 =4+ 4= 80
D{10,0) Z=10x4 | 0=40
A Maximum value of £ i1s 120 a2t {30, 0)  Ans.
r
23, Find : Jm'4}' dx. [4]
. - S N
Solution : Let, I‘I(x2+1){x4+41{
2x
B f{x? {2 +4) #
Put 2=t 5
=5 2xdx = dt
= j’|:t+1j|‘ﬂ1:2+4].
1 A +{if+C
Let AN 44 f+1 2 +4 i)
1 A DB O

EeE+4)

34

E+ 15+ 2)



1=AF++ B+ ChE+1)
Equating coefficients of #, t and constant terms
on bath sides, we get

A+B=10 = A=-8 olI}
B=C =0 = B=-C - it}
4a + C=1 i}

From equations (i) and (i) equationy we get
A=C

From equation {jif)
4 +C=
S ==
ot C=%
1
A=C==
b %
B:'Cﬂg-
From equation {A),
-1
1y T
E+1E+4) 41 24
1 | 1 t
= = T Ta.ft== Fridl
f{f+1]{f274]' 54175
1 R |
g dt+C
5244

Where C is constant of integration.

1 2t 1 1
—lﬂ"i'g_[mﬂff-l-c

1.1
i I | Dy
I’ IDJ#Tn;

E°r+1

I=

1 ; 1 ; | e
= —log t+1[——=log]t* +4]|+ xS tan"l -
= 5108 t+1[=qglog|F ]+ gxgmn™ o+

sl Zai]-Licefed [+ L pn1E
51-:.-.g|x‘+1| Slog| e d |+ 0T e C

Ans.
SECTION — D

28. A metal box with a square base and vertical

sides is to contain 1024 co’. The material for
the top and battom costs T 5 per em? and the
matezial for the sides costs £2.50 per em?, Find
the least cost of the box. {el

Solution : Let the length, breadth and height
of the metal box be x em, x cm and ¥ cm
respectively. It is given that,

xy = 1024
1024 )
= ¥="—5" wli)

X
Let ¢ be the total cost (in rupees) of material ueed

35

29,

L

to construct the bos.

7
¥
= y
X
X
x
S 5
Then, o=k +512+Ex=_1xy
= 1% + 10xy
1024
= 10¢% +10xx —
x
- 1027 4+ 22220
x
Mow, differentiating ‘c” wr.L x, we get
de _ 5, 10240
dx *
Again, differentiating w.rt x, we got
2
1 e
dx 2
For maxima or minima
de
Put -—- =0
= 10240
= Hr— = =0
x
3 £ =512
= e = 8
= x=B
when x = 8

[g%lms = 20+ g3 >0

Thus, the cost of the box is least when x =B, putting
x = B in equation {i) we obtain ¥y = 16, s the
dizrensions of the box are 8 = 8 x 16

Putting, x=8andy=16inc=10s% + 10xy,

we et
t=10x64-10 x 8 x 16 =1920

Hence, the least cost of thebox is 15920, Ans.

2 3 1w
4 —& 5 |, find A7, Using A solve
6 9 -20
the system of equations :
2 3 I

—t—t— =2
X ¥ =z

A=

=5

| =
M|,

+

LS.



6 9 20 |
e [6]

X ¥ =z
?2 3 10
Solution : Civen, A=|4d —& g
B 9 20

FA| = 20120 — 45) — 3(= 80 — 30) + 10 {36 + 30)
=2 A -3n (-700+ 10 % 72
= 150 + 330+ 720 =1200 = 0
So, A is invertible.
o A7l exists,
Tet Ay be the cofactors of elements a4; in A =
- [a]. Then,

—h 5
Ay — [:—1]1+1|: g .-2[]] =120-45=75

4 5
Apg = (-1 T2 ¢ —op| ==F80-30=110
—&]

A=l 4|=36+36=T2
o1yt 3 o i TrAstey Lo L =
A = -1} ¢ _20 {— 60 - 90) =130

[2 1
A = (=11242 = A0 — 60 = —100
= 3 -1

2 3
Ap = (PR 9}=—{18—181=ﬂ

3 10
331:(H1}3+1 —ﬁ 5}2154‘6‘:’:?5

2 10
An=E1P*2 ) 5|=-(10-40)=30
33 2 3
AES:{—].} = 4 H6-=_12—12=—24
7 T I 1 B
Cofactor matrix of A = {150 - 100 ]
75 wm -24
75 150 =
adj A= |110 -100 30
72 0 —24

Al

adjA 1

P T 1
=——| 11} 100 30

|&] 1200

72 a0 -24

Given system of equations s,

2,310

yﬁ
—+
¥

x
=
x

4]
x
1

Lat =,
X

.~ The given linear

9
Ay
¥

1[}"=2

=h

2
&
Z
20
7

1
- =1

¥
equation becomes

20430+ 10w ~2
dy-bo+Suw=>5
Gu+ 9. 200 = -4

S I
A=|4 -6 B,
6 9 -20]

X=A'B

" 2
i

w i

u=172
on=-1/3
w=1/5
x=2

36

4 —6

X=ﬂ:

310
6 5| | 3
9 ~20| |-4]

‘75 150 75|f 2
110 =100 30 B
|2 0 -24)]-4

150+ 75 — 300
220-500-120
144 +04+96

[ o0 y2

-4004 =
210

o

143
15

2

Bzmizead

o
=3 g=h

y=-3andz=5



Mathematics 2017 (Delhi)

Time allowed ; 3 honrs

Note :Except for the following questions, all the
remaininyg questions have been asked in previous
sCts. .

SECTION — B
2. Ity = Eil'lqld(ﬁxﬁ_ﬂ —9y? ]r
y
then find ~~.

o1 T
Solution: Given,y = sin | [6x{1-922)

sin
Put x ~ i‘.;__ sy g e

m ik
32
i21

=1 <x
3.2

Bin® ;. Ysin’ 9
y=sin" | 6.~ f1-= ]
y=sin™t zsine1}1—sinza)

y= T (2 sind 4 cos” B}
y=5in" (2 sin O cos ©)

i =sin (sin 26) = 20 = 2 sin™! 3x
2 6

T 73 =
y1-9¢

R

Ans.

Fle

y1—9x°

SECTION —C
20, Solve the following L.P.P. graphicaily :
Maximise Z = 20x + 10y
Subjert tn. the following constraints :
x+2y <28,
Jx 4y = 24,
r>12
%tLy=0 (1
Solution : We have
Maximise Z = 2(x + 10y
Subject to the constraints ;
X+4r=28

Sx+y=sM
=2
Lyl
Converling the piven inequalities into equations,
we obtain the fellowing equations :
X+ 2y =28

37

SET 111
Maximum marks : 100
Jr+y=2d
xr=2
Then x+2y=728 3x+y=24
I e R I . A
y|1a]|o v | 220

il

k|
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y
1
q

Plotting these points on the graph, we get the
shaded feasible reyion ie, ABCD

Value of Z = 20x + 10y
Z=40+0=40

£ =40 130 = 170

C 4, 123 Z =80+ 120 - 200 « Maximum
T {8, U) 7 = 160 + 0 = 160

5 Maximunm value of Z is 200 at {4, 12).  Ans.
Show that the family of curves for which

2, .2
%nx;"y , isgivenby ¥ -y =cx.  [4]
Ty

Solution : Given family of curve,
_dﬁ B xi + yi

dx B ny
FPuly=ox '

dy de
= g T ETE
From equation (i),

do %% + (o) _ 221+ o)

Corner point
A2,
B(2, 13)

Il

V+y— = =
dx  2x(vx)  x* (2w
.
o 1+v
= Xr— = oo
ox 2o



1 -0 -
2r 2
= 2d dn = ra’_x
102 ¥
2 dx
freact J o - Pkt
i—u? IJ_'

= —log |[1-7| +logC =legx,
where log C 13 constant of integration.

log = =legx
g ¥
= log || = log x
T
ot
= 7 =X
— c:c:x:’"-yz' Hence I'roved.
2 .
2 By o AT AT, 4]

13 - mﬁzx 7sin x

{(3sinx--2jcosx

Solution:Let I =] dx

13 —gos” ¥ — 7 sin x
(3sinxr-2)jcos x
Tx-7sinx+12

'
&I

{~ coE” X = 1 —sin® x)

Put sin x = #
= cos x dy =dt
R ) _ 3t—2
i (f—ﬁ}(f—4}
; .2 :i B A3)
T E-3t-4 -3 t-4
#-2 _ A@-4+B{-3)
(-3 (-4  (E-3pt-4)
— A-2=A{t-4+B{-3)

Equating coeffident of ¢ and constant term on
buth Ades, we get

A+rB=3 {1
—4A 3B =-2 {11
Solving the above two equations, we get
A=-FAB=1
Trom equation [A),
-2 . _—? +__]D_
(E—3)(i—4) *+-3 -4
3k .2 1 1
——ift = —F——dt+ 10 —--dt
I{t—B}{t—sl] jr-s ¥ jt-4

[=—7log :-3] +10leg [t—-4 +C

28,

38

where C in comstant of integration.
I=101log jsinx—4| -7log |sinx-3] +C.

Ans.
. Solve the following equation far x :
coB {tan~ ' x) = sin (mt"‘1 %] [4]
Solution : Given equation is,
cos (fan™ x) = (mt i) {1}
= cos (™ x} = 008 |:E —cat™? §:|
s ) 4
= fan 'x = ——v::n::-t_'lé
' 4
- 3
= E—L'Eﬂ' x ——mtll

(et x et ten)

= cotly = wtja
3 4
of r=7 Ang,
SECTION — D
. GO |
fA=|1 2 - 2|, find A and hence solve

-3 1 -

the system of cquations 2x + y - 3z = 13, 3x +
W+z=d,x+Py-z=14 [6]

ﬁuluti{m . Given,

2.5 4
A=| 12 2
B el
|A|=20-2-2-3(-1+6)+1(1+6)

2—B-154F =160
S0 A is invertible.
o A7 exists
Let Az be the cofactors of elements 4; in A = [a;].
I'hen,
2i 2
Ap= Dy g =-2-2=-4

[ 1
Ap ~ 12 3 :| ~1+6)=-5
Ags = {-1L=3 | 2 }=1+5 7
|3 -

3
Am =11 =6



Tz 1
Ap={-1)"*"|_5 _4{=-2+3=1
[ 2 3
An= 1P 5 g |=-2=9=-1
(3 1

Ag = {=1P+1 2 2]:&—2=4
31
ha=(-1P"2, o|=-@-1)=-23

2 3
An=(C1P*7 | ,|=4-3=1

-4 -5 7
A=t o401 -1
4.-3 1
4 4 4
adj. A =[4]'=|-5 1 -3
7 -1 1
-4 4 4
A“=|TT|adj.A——;—;—5 1 -3
7 -1 1
From the given linear equations, we have
21 -3 x ki
Tet C=[32 1, X=|¥/D=|*%
12 -1 - |z 5

by matrix method,
X=Cln=(aA)'D=(A YD

x 1'—4 a4 a7
¥ :E_S 1 =3 4
z | 7 -11 1] [ B
1'—4 -5 771MHs
=i—6 4 1 -1l 4
-l a-3 1]l s
1"-52—20+56
=%52+4—sﬂ
z (52-12+8

39

-14a 1
:_%. =82 |=| 2
43 -3

= r=ly=2z=-3 " Ans.
29, Find the particular solution of the differential

equation. fan x - % =2xtany +—i;Gmy # 0 _
given that y =0 whenx= 5. 16]
Solution ; Given differential equation is,

dy .

tan x. == =2rtanx -~ 2y

= g =2+ cotx—yeolx
d

= Ey+ycot:r =2v + oot x,
which is of the form

dy

n?x+Py. =Q
where. P=coty, Q=2v+: P cotx
LE = EJ'Pd'r _ ej'cnt.rﬂ‘x - E]‘-’Hiﬁ"'—“ﬂ =vinx

+ Required sclution is
ysinx = [(2x+x% cot ¥ sin x dx 4+ C
= [2rsinxdx+ (27 cotrsinydr 1-C
=2frsinxde +[x° cosxde+C
= 2| .{~ cos x) = [{~ cos x)dx] + x* .sin x
—[2r.sinxdx+C
=—2rxcosx=2ainy+Psiny
~2[x.(~cosx) - [~cosx d¥]+C

S—2rCus X 2EN T+ ASHN X + 27 cov X

-2ginx+ C
ysinz=reinx+C i)
T
Cive that y=10 wh::nx=§
s
= —sin—+C
0 sm2
2
= e
4

From aquation (i}
yeainy = .t'z Hinx—?

Ans.

(#Z=1yminy = %



