Straight Lines

| EXERCISES

)

ELEMENTARY Q7

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

(1)

The vertices of triangle are the intersection points
of these given lines. The vertices of A are A(0,4),

B(1,2), C(4,0)

Now, AB= \/(0—1)2 +(4-1? =410

BC=+(-4)2+(0-)% =10

AC=(0-42+(0-4) =42
-+AB=BC; .. Aisisosceles.

Q.8

(2) Mid point = (1%13;27) =(1-2)

Thereforerequiredlineis 2x —3y =k = 2x -3y =8.

. . . 21 23
(1) Point of intersection y=—? and ng

3(23)+4(-21) 69-84
5 5

Hence, required lineis 3x+4y+3=0.
(1)

-3,

- X+4y=
Q.9

(h-97 + (k+2)2 2‘5h—12k—13‘ |

V25+144

Replace (h, k) by (x, y), we get

13x2 +13y? —83x + 64y +182=0, which is the

required equation of the locus of the point.
(2

Let point be (x4,Y1), then according to the condition

Q.10

3xy+4y; —11 _(12x1 +5y; + 2)
5 13

Since the given lines are on opposite sides with respect
to origin, hence the required locus is

99x + 77y -133=0
A1
(1) Let thepoint be (x, y). Areaof trianglewith points Q

(X,¥),(4,5) and (3,-7) is21 sg. units

y
5 =21
-7

Solving; locus of point (x,y) is 6Xx+y—-32=0.

N
Wk~ X

(3) Here c=-1and m=tang =tan45° =1
(Since the line is equally inclined to the axes, so

0 = 45°)
Hence equation of straight lineis y=+(1.x)-1
= X-y—-1=0and x+y+1=0.
(2)
A line perpendicular to theline 5x —y =lisgiven by
X+5y—-A=0=L, (given)
X

. y
m—+——=1
In intercept for SEVT:

1
So, area of triangle is B x (Multiplication of

intercepts)

o x(&) 5= L =452
2 5
Hence the equation of required straight line is

x+5y:i5ﬁ .

(2)

Let the required equation is y=-X+cC which is
perpendicular to Y =X and passes through (3, 2). So
2=-3+c=c=5. Hencerequired equation is

Xx+ty=5
(D The equation of any straight line passing through
(3,2 is y+2=m(x-3) (i)

The slope of the given lineis — /3.

m—(—+/3)

tan6Q° =+ —— * =7
S0, 1+ m(—/3)

On solving, weget m=0 Or 4/3

Putting the values of min (i), the required equation
of linesare y+2=0and +/3x—y=2+3/3.

(1)

Let the intercept be a and 2a , then the equation of
Lo XY .

lineis E+z=l, but it also passes through (1, 2),

therefore 5=2.
Hence the required equation is 2x +y=4.



Straight Lines

Q.12

Q.13

Q.14

Q.15

Q.16

(1)
Slope = /3

- Lineis y:—\/§X+C3 \/§X+y=C

Q.17

Q.18

Y

SN X

J3 x+y=8

Q.19

\/g x+y=-8

Now%=|4|:>c=i8:>x\/§+y=18

(1)

The point of intersection of 5x—6y—-1=0and
(-1,-1).
perpendicular to 3x—-5y+11=0is 5x+3y+k =0,
(-1-1 =

3x+2y+5=0is Now the line Q.20

but it
-5-3+k=0=k=8

Hence required lineis 5x+3y+8=0.
(4) The equation of aline passing through (2, 2) and

passes through

1
perpendicular to 3x+y=3 is y—2:§(x—2) or

x-3y+4=0. Q.21

Putting x = 0in this equation, we obtain y=4/3

So, y-intercept = 4/3.

(1) Q.22
Take two perpendicular lines as the coordinate axes.

If a, b be the intercepts made by the moving line on

the coordinate axes, then the equation of the lineis

Xy

E+E=1 ..... (l)

1

11
According to the question . + PRl (say)

k k
1.e, E+E_l
The result (ii) shows that the straight line (i) passes
through a fixed point (k, K).
(4) Here equation of ABis x+4y—-4=0 ... 0]
and equationof BCis 2x+y—-22=0 ... (i)
Thus angle between (i) and (ii) is given by

Q.23

Q.24

1
-——+2
4 =N

1
3) ya, + bbb, = =
(3) Map +byby = prom
Therefore, the lines are perpendicular
(2)
6+4 10 -18-6

T )
Hence the lines are parallel.
(4)
Here,

2-0 o
Slope of I¥ diagonal= ml——z 0—1:>91=45

2-0 o
Slope of 11" diagonal= mz—ﬁ—oozez 90
—0,-0,=45" ==
(1)
Let the point (h, k) then h+k=4 ()]

4h+3k-10
l=4———=4h+3k=15 .

and \/m ..... (i)
and 4h+3k=5 ... (iii)

On solving (i) and (ii); and (i) and (iii), we get the
required points (3, 1) and (-7, 11).

Trick : Check with options. Obviously, points (3, 1)
and (7, 11) lieon x + y =4and perpendicular distance
of these points from 4x + 3y = 10is 1

(1)

_r _7
Required distance = | (12)2 + 52 13
(3

Let p be the length of the perpendicular from the
vertex (2, —1) tothebasex +y =2

b- 2-1-2| 1
Then /—12+12 2

If ‘a’ be the length of the side of triangle, then
p=asin60°:>i:aL—\/§:>a=\/z

J2oo2 3
(1)

L52X+3y—4=0, L(—6,2) =-12+6-4<0

L'=6x+9y+8=0L'(_g2=-36+18+8<0
Hence the point is below both the lines..

(1)
Equation of the line passing through (3, 8) and

perpendicularto X +3y—-7=0is 3x—y-1=0.The
intersection point of both the linesis (1, 2).

Now let theimage of A(3,8) be A’(Xq,Y1), then point
(1, 2) will be the mid point of Aa’.



Q.25

Q.26

Q.27

Q.28

X1+3 y1+8

= =1=x; = -1 and =25y, =4,

Hence the image is (-1, —4).

(2) Here the lines are, 3x+4y—-9=0

and 6x+8y-15=0

Now distance from origin of both the lines are
9 9 -15 15

Fod gy

Hence distance between both the lines are

_E_(_E)
5 \ 10

Ailter: Put y=0 in the first equation, we get
x = 3 therefore, the point (3, 0) lies on it. So the
required distance between these two lines is the

perpendicular length of the line 6x+8y =15 from

3
10

6x3-15 3

the point (3, 0). i.e., m_lo-
(3)
Here the given lines are
ax+by+c=0 .. (i)
bx+cy+a=0 .. (ii)
cx+ay+b=0 ... (iii)

abc
The lines will be concurrent, if [P ¢ 8=0

c awb

= a®+b3+c-3abc=0-

(2)

The set of lines is 4ax+3by+c=0, where
a+b+c=0.

Eliminating ¢, we get 4ax + 3by —(a+b)=0

= a@4x-)+b(By-9)=0

This passes through the intersection of the lines

1 1
y-1=0i.e.x=—y=—i.e,

and 2 3

4x-1=0

3

4'3)"

(3)

Required line should be,

(X-y+2)+ABbx-2y+7)=0 ... Q)
= B+5)x—-(2A+ Dy +(2+71) =0

_ 3450
T2+l

24+ 7h
20 +1

X+

=Y

Straight Lines
As the equation (ii), hasinfinite slope, 2L + 1 =0
= A=-1/2putting A, =—1/2in equation (i) we have
(BX—-y+2)+(-1U/2)(5x -2y +7)=0 => x=3.

Q.29 (1)
The equations of the bisectors of the angles between
_ x—2y+4_+4x—3y+2
the lines are W = /1619
Taking positive sign, then
(4-VB)x-(3-2V/5) y - (4/5-2)=0 .....()
and negative sign gives
(4+5)x~(2/5+3)y +(4/5+2) =0
Let g bethe angle between theline (i) and one of the
1_4-45
2 3-245
given ling, then t@and= 2 3-2J5 =5+2>1
1 4-45
1+—.
2'3-2\5
Hence the line (i) bisects the obtuse angle between
the given lines.
Q.30 (1)
L et the coordinates of A be (a, 0). Then the slope of
3-0
the reflected ray is . tan0, (say) .
o 2-0
The slope of the incident ray = 1a = tan(n —0)
! 3 2
Since tanB+tan(n—-0)=0= ——+——=0
5-a 1l-a
= 13-5a=0=> a:1—53
13
Thus the coordinates of A are(g ,Oj :
JEE-MAIN
OBJECTIVE QUESTIONS
Q1 (2
AB=+4+9 =13
BC=+/36+16 =213
CD=+J4+9 =,13
AD = 4/36+16 =2413
AC=464+1 = /65
BD = J16+49 = /65
its rectangle



Straight Lines

Q.2

Q.3
Q.4

Q.5

Q.6

(1)

50 +3 —y 6L -4 ~0o
A+3 7 A+l
(3,4) .
P56 522
(x, 0) 3
4
since the points are collinear option D is correct
(2)
A=0
k 2-2k 1
- | 1-k 2k 1| =0
k-4 6-2k 1

k(2k—6+2k)—(2—-2k) 1 -k+k+4)+1(1-k) (6
—2k) —2k(—k —4)=0

4k?—6k —10+ 10k + 6 —8k + 2k>+ 2k?+ 8k =0
8k?+4k—-4=0 = 2k*+k-1=0
2k?+2k-k-1=0

2k(k+1)-1(K+1)=0

1
k=-1=
]"2
(4)
(2a, 39), (3b, 2b) & (c, c) are collinear
2a 3a 1
N 3b 2b 1 -0
c ¢ 1

= (3bc —2bc) — (2ca—3ca) + (4ab—9ab) =0
= bc+ca+5ab=0

2 5 1 1
)

=3 ¢ ate "

I~

s 1
b

Q|+~

7 N\
oy

2c .
= a, —,baeinH.P.

5
(1)
By given information
Sincein AABC, B is other centre. Hence /B = 90°
Cercum centreis S (a, b)

x+0

> —a=>Xx=2a
A(0, 0)
S(a, b)
90°
B C(x, y)

Q.7

Q.8

Q.9

Q.10

y+0
2
Hence, c(X, y) = (23, 2b)

=b=y=2b

(4)

If H is orthocentre of triangle ABC, then orthocentre
of triangle BCH is point A

(1)

Area of the triangle formed by joining the mid

1
points of the sides of the triangle = 2 (area of the

triangle)
2 1 1
1 1 |- 1
= —x = 2 3 1 = —x 6 = 1.5 sg.units
4 2|14 -3 1| 4
A
R Q
B b c
(3)
Aright angled
(0, 4)
(0, 0) (3,0)

=> circum centre

3
= mid point of hypotaneous = [5 IZJ

(1)
X;+X3=10 yi+y3=0
Xo+X3=0 , y,+yz=24
X1 +X,=10 , y,+y,=-24
B (XY,)
M,
[N
[N
1 \
i \\
1 \
1 £y
1 AN
1 \
(0,12) 4 5(5,12)
1 ‘§~
E \\
i KN
1 AN
AR S KN
(X3 ¥5) C (5,0) XXy Y1)



X, =X,=10,y, -y, =-24

X, =10,y,=0

X,=0,y,=24

X3=0,¥5=0
X, =10 , vy, =0 A(10,0) on x-axis
x,=0 , y,=24;=B(a, 24) on y-axis

Q.11

Q.12

X;=0

y, =0 C(0, 0) is origin

AABC isright angled = orthocentreis (0, 0)
(4)

) acos® bsing 1
A= =|-asin® bcoso 1
—-acos® -bsind 1

0 0 2
Ri=Ri+R3 .| _asin® bcoso 1
-acos® -bsind 1
1
=5 2 (ab sin0 + ab cos?0) = ab
(3
3k -5 5k +1
k+1 " k+1
1 Q (3, 5)
K A
P
P(-5, 11)
B(1, 5) C(7, -2)
3k-5 5k+1
k+1 k+1
1| 1 51
2| 7 -2 1 =

-6k +10 35k+7j

:1.(—2—3)—1.( 7

15k -25 5k +1
* k+1 k+1 =4

— 6k—10+35k +7+ 15k — 25 -5k — 1
=+4+37(k+1)
— 51k—29=41k+410r51k—29
=33k +33
— 10k=700r 18k=62
31

k=7k=?

Q.13

Q.14

Straight Lines

(1)

AP= x? +(y - 4)°
BP= \/x% +(y+4)?
: 6

- JAP—BP| =
AP-BP=+6

\/x +(y—4)? —\/x +(y+4)> =+6
On sguaring we get the locus of P
92— 7y?+63=0

(2)
Let coordinate of mid point is m(h, k)

2h=

= Cosa = -

cosd 2h
__b P
2k = sind = sina 2k
Squareing and add.
1 1 4
n kT p?
f p(h, k ! 1 1
Locuso K= 5+ 35 ="7
p(h, k) 2Ty T
B
m(h, k)
(coso'
(1)
equation of IineAB
y—-b=m(x-
0, b—
hk)
(0'0) (a—b/m,O)
b b
a—— a——
b—am
m _ m
G 3 3 = h= 3
k_b—am
-3

on eleminating 'm' we get required locus
bh+ak-3hk=0 = bx+ay—3xy=0



Straight Lines

Q.16

Q.17

Q.18

Q.19

Q.20

(3)
Let centroid is (h, k)
coso +sina +1

h h = k =
then 3 &

Sina —cosa + 2
3
cosa + sina = 3h— 1 & sina — coso. =3k —2
squaring & adding
2= (3h—1)2 + (3k —2)2 Locus of (h, k)
= (3x-1)2+((3k-2)2=2
= 3(x2+y)—2x—-4y+1=0
(2)
Pisamid point AB

(O, 2|<?
P(h, k)

Q.21

(2h, 0)

AB = 10 units

(2h)2 + (2k)2 = 102

h? +k?=25

Locus of (h, k)

x2+y2=25

(4)

P(1, 0), Q(-1, 0), R(2, 0), Locus of s (h, k) if SQ? +

SR2 = 2SP?

= (h+1)2+k?+(h-2)2+k?
=2(h—1)2+ 2k?2

= P+2h+1+hP—-4h-4=2n2—4h+2

= 2h+3=0Locusof s(h, k)

= 2Xx+3=0

Parallel to y-axis.

(2)
Q.22

k+1-3 1
= = k?-5-2k+4=0

k2-5 ~ 2

Slope =

= k=1%,2 =

_ 2+44+4
2

k2-2k-1=0
= k

_2+2\2

2

(2)

Let B(x,, y,) and C(x,, y,)
2x, +3y,—29=0

and x,+2y,-16=0
mid-point of BC is (5, 6)

Q.23

x1+x2:10

b3
«
B

O

(5. 6)

Put the value of x, and y, in (ii), we get

10-x,+2(12-y,)-16=0

X, +2y =18

Now onsolving (i) and (v), weget x, =4andy, =7
B4, 7)

7-6
equation of lineBCisy —6 = 2.5 (x=5)

= x+y=11

(2)
A{1,2)
N M
B(x, vi) Cx )
X, +y, =5 - ()
X, =4 . (i)
co - ordinates of G are= (4, 1)
Hxa+X _y (i)
3
+yo+2
and %:1 . (iv)
solving above equations, we get B & C.
(4)
L ion of lineis = + % =1
et equation of lineis atp "
2. l1=a=2
2 17 et
b
3= 2=>b=4
y -
Hence—+z 1= 2X+y—-4=0
(3)
Slope of AB istand = 3.2 =1



Straight Lines

Q.26 (3)

Perpendicular bisector of slopoe of line BC
n _2-0_2
BCT 142 3
.3
AP
A2, 0) 2
0 = 45° B_Af_C(—z,O)
Hence equation of new lineis 1,2) ¢p
y —0 = tan 60°(x — 2) 5
y=+3x-243 1-2 240 1
A=z )=
= J3x-y-243 =0
Q.24 (1) . 1
3 y—1=7 X+E = 4dy-4=—6x-3
o=tanl =, C=-3
5 = 6x+4y=1
3 locus of P
tan0=¢ Q.27 (3)
Equationy —3=m (X —2)
cut the axis at
13
D=tan!=
o| A0 tan - o3
= y=0&x=
= x=0&y=-(2m-3)
- 1 2m-3
(0, -3) AreaA=12= E-Q{—(Zm%)}
m
3 y
y=g x-3 N
3x — by-15=0 (2, 3)
Q.25 (4) - X
3_3a+0 5_0+5b
T 543 77 543
= a=-3,b=8
X y (2m—3)2=i-24m
§+§=1 4m? —12m+ 9 = 24m
or 4m?—12m+ 9 =—24m
4m?2-3ym+9=0
D>0
(-3,5) 3 ~1(0, b) or 4m2+12m+9=0
. (2m+3)2=0
two distinct root of m
/ 0 | no. of values of mis 3.
(@ 0) Q28 (2)
x—-y+8=0 2 2 -3

tan 6 = ? :snG:T,cosez\/ﬁ



Straight Lines

Q.29

Q.30

x-1_y+3_
—3 T2 T*3
J13 V13

58

(1, -3)

o[ 255
NEMNE]

(1)

Imageof Ainx—y+5=0is

A(L-2)

Imageof A(1,—2)inx+2y =0

x-1_y+2 _ 2[1—4j
1 2 5

X =

u
5'Y°

(RN

Hence equation of BCisy —6 =

28
y—-6=—gKx+7)

6—_—l4(x+7)
Yy=9= "3

= 14x+23y—-40=0
(4)
1lto3x+y=3 passes (2, 2)

(6-2/5)

(—7-11/5) %+ 7)

Q.31

Q.32

1
m=+ 3 & (2,2)
y—2=+ % (x=2)

X
> X+3y=4= — +

(WIFNDS
1
-
U
o
1
w|H

(3)

required line should be

ax + by + A =0 satsify (c, d)
ac+bd+A=0 = A=—(ac+bc)
ax+by—(ac+bc)=0

= a(x—¢c)+b(y-d)=0

(2

L,:x+y-3=0,

L, x-3y+9=0
Ly:3x—-2y+1=0

A

1115 5| 10
=5 7+7 - sg.units
Aliter : by paralelogram

I(Cl ~c)(dy —dy)|

_1
2 (my-my) |



Q.33

Q.34

Q.35

Q.36

Q.37

(1)
y-x+5=0, \3x-y+7=0
m=1m,=3

0, = 45°, 0, = 60°
0 = 60° — 45° =15°

. V3-1 4_-203

Aliter tan 6 = 1+\/§ =31 _2_\/§
= 06=15%°
(2)

&

(2,3)

45°
2x—-3y+8=0

Let coordinates of point P by parametric
P(2 + r cos 45°, 3 + r sin 45°)
It satisfiesthe line2x —3y + 9=0

r r
_ | = — | + = =
2(2+\/§) 3(3+\/§J 9=0=r= 442
(2)

ax +aby+1=0

origin and (1, 1) lies on same side.
&+ab+1>0 VaeR
D<0=b?2-4<0 =>be (-2 2
but b>0=b e (0, 2)

(1)

L,:2x+3y—-4=0
L,:6x+96+8=0,P(8, -9
L,(P=28-39-4=16-27-4=-15<0
L,(0)=48-81+8+8=-25<0

point (8, —9) lies same side of both lines.

(1)

Ly:x+y=5L,:y—-2x=8
Ly:3y+2x=0,L,:4y-x=0
Lg:(3x+2y)=6

vertices of quadrilateral

0(0, 0), A (4, 1), B (-1, 6), C(-3, 2)

y
(-1,
L L
1)
(-3,2) C P
0 L,
i 0 AN
( 5
%

Q.38

Q.39

Q.40

Straight Lines

L;(0)=-6<0
L;(A)=12+2-6=8>0
L(B)=-3+12-6=3>0
L;(C)=-9+4-6=-11<0

O & C points are same side

& A & B pointsare other samesidew.rttoL g
So L 5 divides the quadrilateral in two quadrialteral
Aliter :

If abscissa of A is less then abscissa of B
= Aliesleft of B

otherwise A liesright of B

(2

P(a, 2) lies between

Lix-y-1=0&

A

/]

L,:2(x-y)-5=0
Method-|

L,(PL,(P) <O
(a—3)(2a—9 <0

= P(a 2) liesony =2
intersection with given lines

X=3& x—2
- )

9
a>3& a<§

(gemetrically)

9
3,=
ac(33]

(4)

ax+by+c=0

3—a+9+c—0
4 2 -

31
compare both (x, y) = (Z’ E]

31
Hence given family passes through [Z Ej
(2)

sinZ A sinA 1
sin?B sinB 1
.2 . =0
sin“C sinC 1

= (9nA—sinB) (snB —sn C) (SN C—-sn C)=0



Straight Lines

=>A=BorB=CorC=A Q.44 (1)
any two angles are equal
= A isisosceles

Q.41 (4
(p+29)x+(p-3a)y=p-q
px+py—p+20x—3qy +q=0
px+y-1)+q(2x-3y+1)=0
passing through intersection of

X+ty—-1=0& 2x—3y+1:Ois(§/§]
B,:2x—-16y—-5=0
Q.42 (1)
PM is maximum if required
line L intersection of

3X+4y+6=0
= (=2, 0)
X+y+2=0
|-64x11+8x4+35]
m.=3-9_3 =1 64248 |
AP 242 4 o :
p < qHence2x — 16y —5 = 0isacute angle bisector

Q.45 (3)

2
Equationof AD:y —4 = 1 x—4)

= y—-4=-2x+38

A(5,2)
Sopem=_ &
opem="3 wio/  \Jro

y—OZ—% x+2) =>4x+3y+8=0
B(2,3) D(4,4) C(6.5)

Q43 (3) = x+y=12
LyPx+ay=1 Q.46 (4
Lysgx+py=1 4
ms=—= Mgy=— =
L,+AL,=0 4 R 3
(px+aqy—-1) +A(gx+ py—1)=0 equation of PQ
4
A y—5:—§x
/’\/
. oy =1 P(a, 0)
Ny
B (p, a) C '
3x -4y -5=0
A (o’ 1) (2pg-1) (px +qy — 1) dx+3y-15=0
oDANE T = — —_ =
(2pq-1) — 25x=75
=(P?+02-1) (gx + py — 1) &3x-4y-5=0 = x=38&y=1
QB 1)

10



Straight Lines

Q.47 (2) Q.50 (1)
Point of reflection of (0, 0) ax2+ 2hxy + by2=0
wrt.todx -2y —-5=0

_-2h _a
. | 5 m1+m2—T,m1m2—B
OA = = Relation of slopes of image lines
\/42 + 22 ‘ 2\/§ (ml' + m2') =- (ml + mz)
5 —2h) _2h :
5 o (BT e

equtaion of line OB

x-0 y-0
21 A5
5 5
y /
0 X
A
B
m;'my’ = (=my) (-m,)
=mm, = a
3OB=\/§ Y2 b
y 2 ’ ’ X ’ [
x=5,2,y=%1 = B(2,-1) ) —(m+my) (5] +m'my =0
Aliter :
Image of origin w.r. to line (yjz 2h [yj a
= |2 -/ |yl + =0
X—-0 y_O —2(40—20—5) X b X b
4 -2 T 4%24(-27 = by2—2hxy + ax2=0
‘0 = ax?—2hxy +by2=0
S XY Y oo y=1, B2, 1) Qs @ o
4 -2 20 Homogenize given curve with given line
Q.48 (4) 32+ 4xy —4x(2x +y) + 1(2x +y)?=0
m,+ m,= - 10 3X2 + 4Axy — 8x? —4xy + 4x? + y? + 4xy =
!
mlmz_I
i = 4] :_2, :_8,
g|Yen m, =4m, = m, m, 3X +4xy—4x+1=0
a=16 o
Q.49 (1) S 2ty =1
o -
V3 X —4xy+ 3y’ =0 b
f angle besection i oy W
part of angle besection is B3~ (2
= x2-y?=0 —X*+Axy +y?=
= y?—x2=0 coeff. x> + coeff. y> =0

Hence angle is 90°
11



Straight Lines

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q1 (O
A(Xy, Y1), B(XumY,), C(X3, Y3)

/
N4
A ll
3

only three sides can be made parallel to corresponding
sides of triangle passing through vertex of triangle

respectively
= Sono. of ligramsis 3.
Q2 (A
By geometry
&+ b?=(a+h)? (i)
By section formula
a n(a+b)
h= —— o= —-—""
a+b a
y
—~B(0. )
P(h, k) Q.4
} X
° Aa, 0)
__B _ k(a+b)
“=ab P

Put value of o and B in (i)

h?(a+b)? .\ k?(a+b)?

a’ b? =(a+by

h? k2

= ? + b_2 =1
x2 2
Locusof ‘p’ is? + o2 =1
Q3 (B)

First position
(4,-2./3) = (4 cos (—), r sin (—a))
rcoso =4

12

N O
O] % 243
2
Y (4,-2,3)
4 ™/
rsna=+2,3

1
& sin°= E,cose=

Last position w.r.t isx’
(rcos(—0—a, rsin(-0 —a))
=(rcos(6 +a),—r(sin (6 + o))
=((4cosbcosa—rsnasinaw)),
m (— coso. Sin O — r sino. cost)

[ognij1)

=((2y3 - 3). (2-3) = (3.5
(B)

Before rotation

(2, 1) = (4 cosa, r Sina)
rcosa=2,rsino=1

new position

= X' =4 coso.coso—rsina sin 0

N|ﬁ|

N
.
~.

..
~
~.
-
~
~,
-
~
~.
~.
~

:2.§+2.(_—1J \/5—2

2

2J3+1 J3-2
x,y)= 2 ' 2



Q5

Q.6

(D)
Let side of sguare is a units
equation of OCis2y = x
S(2a, &) = R(3a, a)

-1
Slope mg. = gj =1
= /B =45°in AQBR

C(2,1)
2a, a)
s/ 2 N\R(3a, a)
a a
& 450
Ol 22 p a q B(3, 0)

QB=a
OB=0P+PQ=QB

3=2at+at+ta=a= —
=477

o[30) ol30) v [53)es(3:3)

(D)

OAliney =x, m; =tan6; = 1
OB liney = 7m, m, =tan6, =7
A, B liesin IS quadrant

OA = OB = (let)

i Y XY .
OAline 5 cos6; sinel_r :L_T_r
V2 2
(L Lj
V22
y
\ y =7X
B
y =X
r
r A
0
0 01
\x

Q.7

Q.8

Straight Lines

OBline —=_Y = B(Ll]
e == ='=F{42'5\2
52 52
7r r
2 7r-5r 2 1
Slope My = r T r5 4 2
\/_ V2
(D)
OP= \/E,PQ: 3\/5 OQ=4\/§

OQ makes angle with (+) x-axisin anti clockwise 6 =
270° + 45°
equation L,

xcosh +ysing =4,/2
X €0S (270° + 45%) +y Sin (270°%+459)=4 /2

AN A0
O

% > 3/\
ES
o

Q
Ll/

L,

X Sin45° +y (- cos 45°) = 4./2

X-y=8

Aliter :

y—-x+2=0

= X-y-2=0

Parallel linesx —y + A =0
A+2

32 = N

o /
3V2

/

= A+2=%6

= A=-8,4

Line shift to (+) x-axis
Solineisx—y—-8=0
(D)

3
D(4IEJ,AB

= Jaii=45

13



Straight Lines

[Centroid = orthocentre in equilateral]

.t _ 1,
Mo e 1
2
2 1

=tanb = T,cos(%: E
equation of pp' is

L3
X=4+ Zﬁ’y_fi

6 4

G(4+£ %+§J,G/ (4—£ E—

oe>oc;':(4+

Q9 (O
P(2,0),Q (4, 2
linePQisx—y=2
Mpg =+ 1
= 0=45°
required line is
parald to y-axis
(according questions)
= X=2

14

Q.10

Q.11

Q.12

4597 (4, 2)
450

P(R, 0)

5x
.. required liney = —

12
©
_ 0+0-a _a
ol IV
00, 0)

tan45°=%:>p=x

(©

(©.0) 4, 0)
m+—
2 2m+1
tan 45° = ml =%1=
1—— 2—m
2
Lo
=m=2, -



Q.13

Q.14

Equation of AC

1
y—-2= 3 X) =>x-3y+6=0...()

Equationof BDy=-3(x-4) = 3 +y-12=0
e (00)

From (i) & (ii)

x=3&y=3

(D)

x=2y,A(3,0)

y=m(x—23)

1
m, = 3 (given line)

1
m_i
2
tan 45°= m
1+—
2
~~~~~~~~~ Q
; 450
Pigaso
0]
A(3, 0)
m 1 m
1+—|=-m-= 1+ —
e
- m_1 o 3m_ 1
2 2 2
= m=3
me L
T3

linesarey = 3(x — 3)
=3xX-y-9=0 &

-1
y=-—3 (x-3
=x+3y—-3=0

(B)
Ly:x+y3y=2L,: ax+by=1,q=45°,

Ly=y /3%
1 J3 -2
a b —1=
J3 -1 0

Q.15

Q.16

Straight Lines
= J3 (-3 +20)+(-1+23=0
= a+ ,/3b=2 (i)

-1
m1: T’mzz_

Tl o|lo

1,
V3 b
1+ 2

V3b
= la+ \/3b|=|/3a-b|
= (a+3b2+2,3a=32+P-2,/3

= 2+b2-2/3ab (i)

squaring (i) & adding (ii)
28 +ab?=4=>a+b?2=2

tan 45° =

(B)

Oragin R(&?, a+ 1) lies same side w.r.t. to given lines

&+2a+2-5<0
> a&+2a-3<0
=((@+3)(a-1<o0
=ae(-31
3@-(a+1)+1>0
=3&-a>0

= aBa-1)>0

1
= ae (o 0u (E,C’Oj

1
take intersection we get a e (- 3, 0) U [gvlj

(A)
L,;2x+y—a=0 0(0,0), P(3,2)

o 3 8
L,:x-3y+a=0

=L 0OL,P>0 &L,0L,(P)>0
-a(B8-a>0 & a-3+a>0

15



Straight Lines

Q.17

Q.18

Q.19

16

a(a-8>0 &a(a-3)>0
ae (—0,0) U (8,0 & ae (-0, 0) U (3, )
= ae (-0, 0) U (8, ©)
(B)
Plieson2x-y+5=0
|PA — PB| is maximum
weknow
b<a+c
b-a<c

Ifb—a=c
then (P—PB) is max.
= PBA colinear

Slope m,z = 1 = tand IfPB=r
X2 ¥4 =y
FE 2T
22

Satisfy given equation

{5

%:—13 = r=-13,2
~1342 1342
P[ \5\/_+2, \5\/_—4] = (-11, -17)

L,:3x-y+3=0

Ly:3x+4y—-12=0 P(a 0), Q(0, B)

By geometry origin liesin A
L,(0)<0&L,(0)>0L;(0) <3

= L, (P<0&L,(P>20&LyP) <0
a—3&a+1>0& a<4

= ae[-1,3]

= L,(Q<0&L,(Q=20&L;(Q)<0
-3-6<0& H+3>0&4B-12<0
B>2&P<3PB<3&P<3I=Pe[-27

(A)

t t

Point P (1+E=2+—2j lies between given line

52

6t
= 10+ \/E—lSZO:t:T

Hencete{ 3 6

(D)

=0abeR,azl,btl,c#c

= = o

1
b
1

0 = =

C,—>C,—>C&C;>C3>Cy
= ab-)(c-1)-(1-a(c-2)
+1(0-(1-a (b-1))=0

a 1 1
+ +

©)
2Ix|+3ly|<6



Straight Lines

areaABCD = 4 (AOAB)
-1-3m _10 _ 1

3-m 20 2
= —-2-6m=3-m
= m=-1
Hence requred equation

’ X+
=10 =" 10

1 = 10y-7=-10x-1 = 10x+10y=6=5x+5
=4(§-2X3j =12 sq. units 3 Oy Oy Yy
Q.24 (B)
Q.22 (D)
Letalineax +by +c=0 By geometry L -
P +P. +P. =0 Angle bisector of A isorigin containing
1772773 lineAB : 19x — 8y + 107 =0
3a+cC 3b+c 2a+2b+c LineAC: -13x — 16y + 163 =0
+ + =0
Va2 +02 T a2 +p?2 T a2 1p? 19x -8y +107 -13x—-16y +163
V192 +82 T 41321162
B A2 2)
(o, 3): “"Pl
/O/ y
(-1, 11)A
G
. 0 o
C(3,0)
61
5a+5b+3c=0 0
] 2) o
a3 +b 3 +C=0
¢ + C(15, -2)
55 B (-9, -8) D
[3 3j satisfy the given line
5
= fix point is [3 3j which is centroid of AABC {192+ 82=132 + 162 = 425
= 32x+8y-56=0 = 4x+y=7
Q.23 (O Aliter :
point of intersectionof X +3y —2=0andx -7y +5 19 13
o, 17 mAB=?=tanel,mAC=tan62=¥
=U1S1 1010
§+E 136
11 0 = |8 16 | _ ‘—_‘
———-m - =
3 " |T377 1913113
1_m - 1 1 8 6
3 21

2tan© _ 136
1-tan?60 13
= 68 tan20+13tand — 68 = 0 = tan6=0.9
=0 a=0+0,

{6 isacutetan ® >0

17



Straight Lines

Q.25

Q.26

Q.27

Q.28

18

tano + tano;
e =7 tanetane;

equation is (y — 11) = tano. (X +1)

(A)
a-14
)r,\fl;()
w2 (-1.4)
72 _ x.y)
y+7§0
3X—-4y+12<0and12x -5y +7<0
3Xx—-4y+12
= Tox-s5y+12 70 @14
So we have to take the bisector with + sign
3x—4y+12  12Xx-5y+7 Q.29
5 - 13
21x + 27y -121=0
©
Image of A(L, 2) inlinemirrory =xis (2, 1)
Imageof b(2, 1) iny =0 (x —axes) is 2, — 1)
Hence, =2, =-1
(B)
Imageof A(3,10)in2x+y—-6=0
A(3,10)
B (4, 3)
T 2x+y-6=0
7N (-5,6)
x-3 y-10 _ [6+10—6j
>~ 1 AT
Xx-3 _y-10 _
2 - 1 ¢4
A'=(-5,6) Q.30
Equation of ABisy—3= (_5__4j(x—4)
1
y-3=-2(x-4)
y-9=—-x+4 =x+3y-13=0
(A)
Mpg + Mpg =0
2 3 .
1-a 5-a

P(5, 3)
A(1, 2)
o o
ol B(a, 0) X
13
=875
__2 _10 _ 5
Mas ,_ 13 -8 -4
5

-5
equation of AB :y—2:—7(x—1) 5x + 4y =13

©
Both A & B aresame side of line2x -3y —-9=0
Now, permeter of AA pm weel be least when ptsA, B,

B wees be collinear. Let B' isimage of B

_ _a 0-12-9
Then XZO =—y =—2(—j

) 22 4 (-3)?
A(=20) B (0, 4)
B 2x-3y-9=0
-

(84 —74

= Bl1313

Now equation of AB'is —ﬂ(x+2)
& Y= 110

point of intersection of given line & Q is P
21 -37
1717 )

©
() Reflection abouty =x of (4, 1) is(1, 4)

L4 csy Y
>/ U (3, 4)
=5/
. 4 i
(4, 1) f
0 O, 3 X

(if) Now 2 units along (+) x direction
(1+2,4+0)=(3,4)



Q.31

Q.32

Q.33

(iii) wewish to find

seodorffoon(o-3]

cosO 5sino

N
5

1
V2
sin® 5coso l
2

y=5 \/5 + \/E =

1 7
(x,y)b(ﬁ'ﬁ]
(®)
2X2+ 4xy | py2+4x +4x +qy +1=0

a=2,b=—p,c=1,f=—%,y=2,h=2

abc + 2fgh—af2 —bg2—ch2=0

qz
= —2p+4q—7 +4P-4=0

q2
= 2P+4q—7 -4=0
1= a+b=0
q2
= 4+49- — -4=0
2
2-p=0
~f+-3)o
p=2
= q=0,9=8

Let equations of lines represented by the line pair xy

—3y?+y—-2x+10=0are
y+c¢,=0,x-3y+c,=0

lines | to these lines and passing through origin are

x=0,y=-3x
Joint equation
X(3x+y)=0

= xy+3x*=0
©)

X2—2pxy —y?=0

Xyt Xy
1-(-)  -p

pair of angle bisector of this pair

2
= X*-y*+ E xy =0
compare this bisector pair with x2 —2gxy —y?=0
2

= =22 =1
o =2d4=pa

Q.34

Q.35

Q.36

Straight Lines

(D)
X2—4xy +y2=0,x+y+4,/6 =0
angle bisector of given pair of st. lines

x2-y* _xy _ x*-y® _ Xy

ab h 1.1 -2
= x2-y2=0
= (x+y) (x-y)=0
X +y=0is]| tothird side
altitude = angle bisector = isosceles A

2vh?ab| [2v4-1
Nowtanb= g p |=[ 2 =3
= 0=60°

= angle between two equal sidesis 60°
= equiliteral A

(B)

X2—4xy +4y2+x -2y —-6=0
x-2y+C)(x—-2y+d)=0
(x—=2y)2+(C+d)x—2(c+d)y+cd=0
c+d=1cd=-6

c=3d=-2

linesare(x -2y +3)=0,(x—2y—-2)=0

_ 3-(-2)] 5
distance = m =£=£

(A)

Xy+2x+2y+4=0& x+y+2=0
(x+c)(y+d)=0

Xy +dx + cy + cd=0

d=2,c=2

X+z=0 y+z=0
L &L

19



Straight Lines

(_210)

B(-2/-2) 0,-2)C

x+y+z=0
L3
L, LL,L,
hypotaneous line L,
mid point of hypotenous is circumcentre

0-2 -2-0
2 12

Q.37 (B)
axthby+C=0

j = (-1,-1)

a
b

C C
dlz_B’dZ_ E

Cy —Cy)(dy —d
Area of rhombus = I( ! (mf)—(n'lu) 2)|

2C
&, <¢
b 2c2

Iab

.
b
—— 0. units

02 b |

Q.38 (B)
Homogenize 5x2? + 12xy —6y? + 4x —2y + 3=0hy x
+ ky =1
Bx2 + 12xy — 6y? + 4x(x + ky) — 2y (x + ky) + 3(x +
ky)?=0
it is equally indined with x-axes hence coeff. xy = 0
12+4H-2+6H=0
k=-1

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A, C
Let requred pointisP & Q
Pdividesinl:2
(0,00 P Q (912
9+2x0 1x12+2x0
1+2 12 )=G4%

20

Q.2

Q.3

Q4

Qdividesin2:1

2x9+1x0 2x12+1+0
2+1 2+1

HenceQ[ jEQ(G, 8)

(A,C,D)
Lineltodx+7y+5=0is

1,1)

=31 sx+7y+5=0
X—4y+Ar=0

It passes through (— 3, 1) and (1, 1)

-11-4+A=0=>A=25

7-4+)1=0=>A=-3

Hencelinesare 7x —4y +25=0, 7x -4y 3=0

line 11 to 4x + 7y + 5 = 0 passing through (1, 1) is4x

+7y+1=0

= A=-11

= 4x+7y-11=0

(A, C)

Let slope of requered lineism

P(2, 1)

45°
/' 2x+3y+4=0

Nowy —1=m(x —2)

m+2
3 3m+2
tan 15 = 1_@ =3 2ml
3
3m+2
= +2=x (53—
3_2m +1=>3m+2=%(3-2m)
m—l 5
=m=c,
1
Hence,y—lzg(x—Z):x—5y+3:O

y-1=—-5(Xx-2)=>5x+y-11=0

(A,B,CD)
1
y=3 %

1
tane:ﬁ,



Q.5

a3 a] (-a3 -a Q6
=A|lT 2N T2 2

3a£ _ﬁag
D173 4D 4 'a

equation of B,B,, Mg,s, =— /3

parametric form of PQ

Straight Lines

(A,B)

: B(5,4)

_2_ —

m—zmlmm——l
PM =6

- [2, 2 = =~
AB=42°+q _ZJEImepw
x-4 y-3

e et

2 2
x=4% 3 y=3%3

21



Straight Lines

Hence angle C is obt. Therefore circumcentre and
x=4% ,/3,y=3x . .
3.y 3 orthocentre less outside the triangle.

4+ 3.3-3)& (43,3+,3) Q9 (AQ

Ly:x+y=0m; =-1

Q.7 (C,D) _ _ _
Let vertex A (3, a+ 3) Ly 3x+y-4=0 m,=-3
AABC =5 g0. units _ B 1

Lyix+3y—-4=0 m3——§
a a+3 1 A
12 1 1:15 m,
213 -2 1 m, x+y =0
3x+y-4=0
A C
y=X+3 £ )(—\—3\/;]’?‘0

Slope is decreasing order
(2 Vg C(3,-2) mg>m; >m,

= (Qa-(@+3) (-1)+(4-3)=+10 L a3
4a=+10+4 =22 ’
= da=+ = a=o, 5 my>m, >m,
1
713) (33 -3 21>
Alzrz)o7 22
Q8 (B,C 1y
Let Slope of given lines ance M3-mM _ 3 2 3.1
. L 1+mym; 1,1 737472
_ = 3
m=—,m= 3,m3——1
Hence interior angle of triangle tanA = Mm-mp -1+3_2 _1
- 1+mm; = 143 4 2
—+—= A =C& Bisobtuse.
A= MMy _ 7 \f - V3+7 > A =C& Bisobtuse.
CITLLLE P 73 -1 Obtuse isosceles triangle.
m, 73 Q.10 (C,D)
[m; —m,| =2

k-1 k-1

M= ho1 ™™ h

(k—l k—1j2
= =4

h-1 h+1

2
= (k-1)? (hzz_J =4

1
-—+1
_my-my 3T J3-1
B Timm, T 1 T 310 e 0
V3 (-1,1)
_1_£ “(11 1)
_Mmy-my 7 _ -8 0
tanc_l+m2ml_ 1.1 _?<0

= (k-12= (2 - 1)2
22



Q.13

= (y-1) =%+ (x2-1)
= y=x%ory=2-x?2

(A,B,D)
(A.D)
y=2x+c

(0]

Diagonal hisect each other
mid point of BD isP (3, 2)
y = 2x + C passing through P
= 2=6+Cc => c=-+4

AP=BPO=CP=DP, BP =,/22 ; (_1)2 = \/g

parametric form of AC

tan0 = 2, P(3, 2)
X-3
_y-2 _
N
J5

x=3+1y=2+2 = A(20), C(4, 4)

(A.Q)

Lengths from origin

cd

|ab

‘\/c2+d2‘ - ‘\/a2+b2‘

c2d?

a

2b2

= = = 5+
2 +d? a?+b? a’

1

1
b2

al three lines will be concurrent

0ORrT|RY |~

QR |RT|—
|
'—L
Il
o

1 1

j [1 1
1 bd
1.1,
bd ac
1 1

=5 4+
2 d?

Q.14

Q.15

Q.16

Straight Lines

(A.B)

B should be (0, 0)

givendiagonal ACis

1Ix+7y =9 (i)

equation of AC (4x + 5y + C) (7x + 2y + d)
—(4x+5y) (7x+2y)=0

(7C+4d) x +(2C +5d) y +cd =0 . ..(ii)

compair (i) & (ii)

7c+4d:2c+5d: cd

11 7 -9
7c+4d:ﬂ

~ 11 -9
49cc+_23d ~22¢455d|_ o 20,
= = C(C+9)=0

C =0 not possible
= c=-9& d=-9
Diagonal BD is
(4x +5y) (7x + 2y —9)
—(4x+5y-9)(7x+2y)=0
= 9(@4x+5y)—(-9) (7x+2y)=0
= 3X-3y=0= x-y=0
(A, C)
The lines will pass through (4, 5) & parallel to the
bisectors between them
3x—4y—-7  12x-5y+6
5 T 13
by taking + sign, we get 21x + 27y + 121 =0
Now by taking —sign, we get 99x — 77y —61 =0
so slopes of bisectors are

LA

9'7
Equation of lines are

5___7 4
y—-o= 9 (X_)

9
andy-5= 7 x-4)

= 7x+9y=73and

(A.B)

Ly:2x+y=5L,:x-2y=3
Line BC passing throug (2, 3)

(y-3)=m(x-2)

m is equal to slope of

xX-7y=1

2Xx+y -5 X—-2y -3
\/22+1 == \/1+22

= X¥FX+y+t2y=533
A/B2are

23



Straight Lines

X+3y=2= m:—% AL,2)  B(3-1)
3

&3X-y=8= m= x+y=0
BC line M(x,-x)
y-3(x-2) = 3x-y=3
1 A'(-2,-1)
&y—3:_§ (X—Z):>X+3y:11 .-'AM:A’M
A'M+BM=AB

Comprehenssion # 1 (Q. No. 17 to 19)

Let ABC be an acute angled triangle and AD, BE and x-1 _y-2 _-2(1+2)

forA' =

CF are its medians, where E and F are the points 1 7 2 7 (1+1
(3, 4) and (1, 2) respectively and centroid of A ABC
is G(3, 2), then answer the following questions : A=2-1)
Q.17 (A) for AM + BM to be minimum, A", M, B are collinear
Q.18 (B) o
Q19 (O 2 -1 1 )
Sol. (17, 18, 19) x> =0
Let the co-ordinates of D(«, B) 3 11
=1 =-1
o+1+3 = X y
5 =3=0a=5 M(L, -1)
Reflectionof M inx =yisM’'(—1, 1)
B+2+4 Sol.21 |]AM -BM|<AB
ad ——— =2 =0
3 =P A B(3,-1)

D(5, 0) (%
(XI_X)

Taking A(x,,y,) » B(X,, y,) and C(x,,
9AKX,Y,)» B(X,Y,) (X5 Y5) JAM —BM|,,, =AB

Only possiblewhen A, M, B are collinear

1 2 1 1 2 1
113 .11/ _5g. |2 -3 o _g
2 1x -x 1 x-1 -x-2 0

=22(x-2)+3x-1)=0 = x=7
M(7,-7) & N(1, 1)

X + X, Xy + X3 X3 + X, MN = /36 +64 = 100 =10
thenby === =1 =5 =5 75733 552 |AM-BM|>0 = AM—BM =0 (min)
=AM =BM
Yi+Yo _ . Y2+¥3 _ Yit¥z _ = (x-2)2+ (x-1)2
and 2 =2 2 =0 ; 4 = (x + 1)2 + (x — 3)2
weget A(-L, 6), B(3,-2), C(7, 2) =>2x+5=-8x+10
equation of ABis2x +y =4 A(1,2) B(3,-1)
i ) , 2xarea(AABC)
Height of altitude from A is= ~ 8c B 5
M(x, —=X)
:6\/5
Comprehension # 2 (Q. No. 20 to 22) = 10x=5 = x= %’y:_%
Q.20 (B)
Q.21 (D)
Q.22 (A) 1 2 1 1 2 1
Sol.20 AM+BM>AB 3 211 4l2 -3 0
AM + BM=AB (minimum) Areaof AAMB == ==
211 14,0 2|1 5
2 2 2 2

24



> 1(2)(3)

1
2

-13
2

13

Comprehension # 3 (Q. No. 23 to 25)

Q.23 (B)
Q.24 (C)
Q.25 (A)

Sol.

Sol.23

Sol.24

fla, B) = g

Jeo +2B-2e-6 <0
. every term is zero.

a 2

g—§=0:>2[3=3a

&ea+2p=2e+6

a=2..p=3

InAOAD,In AOBE,

OA= -2 OB=—>-
cos 6 sin®

for OC,

Let equation of OC be

y = (tan 0) x

..... Q)

& x+y=8

Solving (1) & (2)
Xx(1+tan0) =8

8 _ 8tan®6

= 1+tano'Y " 1+tano

are co-ordinates of C

. 64 N 64 tanZ 0
“V@+tane)?®  (1+tano)?
8secHh 8

OC=

“1+tano  cos

0+sind

Given OA.OB.OC = 48./2

=7

‘ + (o — 2B)® +

Sol.25

Q.26

Q.27

Q.28

Straight Lines

1

sin 6. cos 6. (sn O + cos0) = \/5

sin20 1
> J1+sin20 = ﬁ

put sin2 6 =t

LB+t2-2=0

t-1)(t2+2t+2)=0
t=1=>sn20=1=0=45°

~ OA=2,2;0B=3,2;0C=4,2
y = (tan 0) x
=>y=X

Comprehension # 4 (Q. No. 26 to 28)
(D)
c+f=4
(A)
Equation of a straight line
through (2, 3) and inclined at an angle of (r/3) with y-
axis ((n/6) with x-axis) is

X-2 y-3

cos(x/6) = sin(n/6) = X~ V3y =2-3{3

Points at a distance ¢ + f = 4 units from point P are

(2 + 4 cos (n/6), 3+ 4 sin (n/6)) = (2 + 24/3, 5)

and (2 — 4 cos (n/6), 3 -4 sin (n/6)) = (2— 24/3 , 1)
only (A) istrue out of given options

©

Slopes of the lines

3
3x+4y:5ism1:—z

4
and4x —3y =15ism, = 3

2

mlmZ:—l

given lines are perpendicular and £ A = g

Now required equation of BC is

_ m=tan(n/4)
y-2= Trmitan(z/4) (x—-1)......(2)

3
where m = slope of AB =— 7

equation of BC is (on solving (1))
X—7y+13=0and 7x+y—-9=0
L =x-7y+13=0
L,=7x+y-9=0
Let required linebex +y =a
whichisat o—2a—1|=|5—4- 4,/3 —1|= 4/3 units
from origin
25



Straight Lines

. required lineisx +y — 4\/_ = 0 (since intercepts

are on positive axes only)

Q29 (A)—>(a,9,B) > (N.(C)~>(p), (D) > (a9

(A) Slopeof suchlineis+ 1
1
(B) areaof AOAB = 2 x 3% 4 =6 s9. units

y

]

(~4,0) ) X
NO-3)

(C) To represent pair of straight

2 _1 -3
-1 -1 3| _g.¢=3
-3 3 c

(D) Linesrepresented by given equation arex +y + a

=0andx+y—-9a=0

10a
... distance between these parallel linesis = f

= 5\/§a

Q.30 (A)— (R).(B) > (9.C) > (Q)
B median2x+y—-3=0
angle bisector of C7x —4y -1 =0

Let C on the line 7x — 4y — 100

A +1
W
C( 4 j

D is mid point of AC lie median

A(-3, 1)
D
B C
1 7h-1
—3+a 7 4
D 2 2

26

-3+A 7
2[_] N 3+7) _3=0

2 8
—48+8L+3+70=0 = A=3
C(3,5) & D(0, 3)

2
(C)lineACisy—-3= O§(x -0)

= 2X-3y6+9=0(Q)

(P) will not aside Q (It's given median)

(A) LineABA (3, D) idy (R} 4x+ 7y +5=0

& (B) LineBCisonly (S) 18x—-y—-49=0
(A) = (Q).(B) > (P),(C) = (S), (D) > (R)
abc

b c a
cab

D=—a+b3+c3-3abc)=(a+b+c) (@@ +b>+c?-
ab —bc —ca)
(A)ifa+b+c=0but Zaz # Zab i.e.ab,care

not al equal, thenD =0
hence lines are concurrent = (Q)

(B)ifa+b+c=0and » a* = Y ab = a=b=c

.a=0;b=0;c=0

= lines becomes identical and of the form Ox + Oy +
0=0

any ordered pair (x, y) will satisfy = complete xy
plane = (P)

(C)ifa+b+c=0and Zaz # Zab = ab,care

notal equal = D =0
In this case equations represents set of lines which
are neither cncident nor concurrent = (S)

(D)ifa+b+cz0and » a* = Y ab =a=b=c

hence lines becomes identical or concident = (R)

D= and D = 0 is condition of concurrency

NUMERICAL VALUE BASED

(2

Since (A, A +1) liesony=x+1

equation of AB:3x-2y+6=0;BC:x—-8y
+2=0; AC:x+3y—-9=0

A0, 3)_P
C(6,1)

B(-2,0)




Q.2

Q.3

35

Liney=x+1cutsACaP [E'Ej cut BC at

61 -63
Q 77 .Hencel e 75
(0)
Let equation of lineis/x+my+n=0 (i)

_ a® a’-3 b® b?-3
gveni s 1" a-1)'|b-1 b-1

c® c¢?-3 .
and | "1 _1 | arecollinear

t t°-3
t-1 t—1 | isgeneral point which satisfies line
(i)

/ i t* -3 =0
t—1) "M o ) TNE

= (+mt2 +nt—Bm+n)=0

m n
a+b+c:—7: ab+bc+ac:z

_3m+n
o
Now LHS=abc—(ab+bc+ac)+3(a+b+c) =

(Bm+n) n+3[ﬂj_0
¢ ‘ )"

= abc

18
SinceClieson 7x —4y — 1 =0, thereforel et us choose
7h-1

its coordinates as (h: Tj .

h-3 7h+3
Themid point of AC, i.e. > '8 lies on 2x

+y-3=0,

h-3 7h+3
therefore we have > + 8 - 3=0gives
h=3
Hence, coordinates of C are (3, 5) and equation of
ACis

2x+y—3=0

Straight Lines

5-1
3+3
i.e, 2X-3y+9=0 ... Q)

Let slope of BC = m. Since lines BC and AC

y-5= x-3)

2
(SlODG = gj are equally inclined to the line 7x — 4y

7
m_i
7 _ 4
-1=0 S|0pe=z , thereforewe havei.e., m
1+—
4
1_2
4 3 .
= 1+Z (see figure)
i.e 4m -7 —1 ivesm =18
€ Imya " 29 -
(30)

I¥(x +y—5) =4y¥y + x —5)
= (x+y-5)(3Bx-2y)(3x +2y) =0
linesare J 323X =5-x
y_ 2 1y_ 2 ,y— -
= Area= 30 sg. units.
(8)
|x|+|y| =2 represerts square of side= 2,/2
Hence area =8

(-2,0) /(2,0)
0,-2)

(3)
X+y=p
Let QdividesABink: 1
AQ _k
QB 1
y
NCE

Q

459
P K
450

ol Alp, 0)

27



Straight Lines

Q.7

Q.8

28

P Pk _
Q[k+1'k+1j’mPQ_1

_ kp _(, P ,
IlnePQ.y—k+1 —(X —k+1](lfcuty-aX|s)

then (x=0 put) = y=% , p(O

pk -p
"k+1

p ¥ (pk pk _ p Y
PRQ=BQ= (k+1] +(k+1_k+1+k+1]
_~2pk

T k+1

3 3 1
AreaAAPQ= ¢ AOAB= ¢ . S p?= 7o p

1 J2pk  2p _ 3

2 (k+1) " (k+1) 16 P
= 16k =3 (k + 1)2 = 3k2 + 6k + 3 =16k

2

1
:>k=3k=§ isreect

(-~ Plieson OB only)

(1)
Here BP and CP are angular bisectors. Maximum of
d(RP, BC) occurs, when Pisincentre of AABC.

1(3.4)

wfﬂ]ﬁﬁ/ﬂlﬁﬁfrm

(0,0) N

3.0)

.. Maximum of d(P, BC) = PN = ordinate of incentre
=1

(6)

Let PQ=r

equation of PQ

:Q[\/§+i,2+%]

Q.9

Q.10

(e
I

%)
+
BN

M P(3,2)
@
Vs

satisfy given line

\/gr r
= ﬁ[ﬁ+7'2+5 =0

Ol on|a

3 r
= 3+ 5r—8—2r+8:0:> E =3

=r=6

(19)

Equation of family of curves passing through
intersection of C, & C, is

—AX%+ 4y? —2xy — 9 + 3 + p(2x? + 3y? — 4xy + 3x
-1)=0 i
It will give the joint equation of pair of lines
passing through origin,

if coefficient of x = 0 & Constant = 0

= p=3

put 1 =3 inequation (i), we get

—AXZ+ 4y? — 2xy + 6x2 + 9y? — 12xy = 0

It will subtend 90° at origin if coeff. of x2 + coeff.
of y2=0= A =-19

(32)
(_31 4)
A B(5, 4)
E— Center
D C
(_3! b) (51 a)
dy=x+7

So C will be (5, @ « D is (-3, b) Now Axa of two
parts divided by diameter will be same.
get aand b and get Axa.



Q.11 (52
Point be (x, y) but it liesony =x + 2 So,
X, x+2)
2 2
F) 3x-4(x+2)+8 3x—-(x+2)-1
X) =
V32 142 V32 +12
2% +5[4x% —12x +9]
50
30)° 900
22| | Xx——| ———|+45
- {[ 22) 484}
50
o _ 15 .. (15 37
F(x) |sm|n|mumatx—ﬁ.50p0|nt|s 1111
=(ab)
11 (a+ b) = 52.
Q.12 (2
X2+ 22Xy +2y2+4x + 4,2y +1=0
(x+J2y+p)(x+,2y+0a)=0
p+tq=4
pg=1
Destance between 11 linesis | =
ance between 11 lines is NG
V(p+ay—4pg _V16-4
V3 T V3T
Q.13 (2
Givenlinesareax +y+1=0....... 0]
x+by=0 ... (i)
ax+by=1 ... (iii)

Joint equation of (i) and (ii) is
(ax+y+1)(x+by)=0

= ax®’+hy’+(@+1) xy+x+by=0

Making (iv) homogeneous with the help of equation
(i) we have

ax2+by?+ (ab + 1)xy + x (ax + by) + by (ax + by) =0
since angle between these two lines is 90°
Coefficient of x2 + Coefficient of y2=10

2a+ b + b? = 0 isthe required condition.
Q.14 (2

For collinearity of 3 points | -1

cos40 sin40 1

Straight Lines

— /3 sin40 —cos40 =2 = sin(46—%]:1

T
= 402 = + 2k
o= T km n2n
6 2 6 3"
Q.15 (2

x2(sec?0 — sin?Q) — 2xy tand + y?sin?0 = 0

= Im, —m,| = \/(ml +m,)? —4mm,
2tano sec?0-sin’0
2 -4 -2 =2
sin“ o sin“ o
KVPY

PREVIOUS YEAR'S
Q1 (©

BT (0,12)

O (4.0)

1 x vy
1 0 12
214 0

1(-48) —x (-12) +y (4) =+ 36
12x+4y—-48=+ 36

X+ y-12=%9

(3x+ y-12)2=81

(A)

1

=118

Q.2

A "D

y =2X

B(3,6) —~C

4 2X-y+4=0
Slope of AB = §=2
1
slopeof BC = ——
2
/(AB) =/4+16 =25

4
distance between 2x -y +4=0& 2x—y=0:£

29



Straight Lines

Q.3

Q.4

Q.5

Q.6

30

8
- 2J5.—=16
Area \/E

(B)
Y

©,2) @3 |

= O @ )(())

&:2, =

| x+y [+ |x—y| =4 represent a square
X2+ y2—4x —6y = (x —2)2 + (y =3)> 13
= (ditance point on square from (2, 3))2 -13

Maximum = (—2-2)2 + (-2-3)?- 13 =28
(B)
Q.7
1-6
3 27
3-8 |[Sways
49
5-10
Q.8
)
4y P(r, 0)
Q/
@)
©.0) g
equation of OP
y=xtano

point Qis (b cot 6, b)

s pointPisy=b +sno6
rsnd=b = dsno
(r¥ dsno=b

(A)

B(cose sme)
P(cosf sin )

A(AOB) .

A(APB)

1-1-sine
2 —=2++/5 on solving

1 0

1 cosg sin9 1
2 2

20059 sin®

0
cos—

0
=2+ .5 =>cos - = 145

0 2 4

1-cos—
2

J5-1
4

So cos 0 =

If 0 >20
AAOB  cos6 1

AAPB 1-cos0 /5
©
AB=(a-b,)*+(a,~b,)’

Square + Sguare = /g5 possible when
=64+1

J74 =49+ 25
Jo7 =81+16

But /g3 not possible

(D)
Case (i) :

A

C

If «zB=«C

locus of A'is L bisector of BC
So it is straight line
Case (ii) :

A

C

If Z~A=2«C

BC fixed B(a, 0), C(0, a)
BC=AB

So, (x—a)?+y?+ &
Circle

Case (iii) :

/A =/B

AC=BC



Q.9

Q.10

Jh? +(k-a)* =+/2a°

X2+ (y —a)? = 2&

also acircle

So union of two circle and aline.

(A)
Q

Q Q @
PQ, = Q,R (.. QQ, is median)

1
F’Q3 = E PR
PQ,: QR =r: p (By property of angle bisector)

r
.= (5]
Butr < P(Given)

1
PQ, < 5 PR
Comparison between Altitude and angle bisector
= £ QPQ,+ Z PQQ+/ PQQ,= /RQQ, + ZQQR
+ ZQRQ,
- £ PQQ, = ZRQQ, { Since angle bisector}
ZQPQ,+ /PQQ= ZQQR + Z/QRQ,
~.PQ < QRthen £ QPQ, > £ QRQ,
Hence £ QQ,P £ QQ,R
But £ QQ,P + ZQQ,R = 180°
Hence Z QQ,P <90°& £ QQ,R > 90°
= Foot from Q to side PR lies inside APQQ,
= PQ, <PQ,<PQ,
(A)
(a-82-(b-7?%=5
(a—b-1)(a+b-15)=5
L I
Four cases
I I

1 2

2 Q.12

5 1
1 5
-5 -1
-1 -5
Case-1
a-b-1=5&a+b-15=1
=a=11,b=5

Case-2

a-b-1=-5& a+b-15=-1
=a=11,b=9

Case-3

a-b-1=1& a+b-15=5
=a=11,b=9

Q.13

Straight Lines

Case-4
a-b-1=—-1& a+b-15=-5

=a=5Db=5
(11,5) < 4 > (11,9)
6 6
(5,5) « > (5,9)

4

Perimeter =4+ 4+6+6=20

(A)

Equation of line passing throug (x,,y,) and (X,,y,) is
y-— y1 — yz _yl

X=X, X, —X;

= (X, =X) Y + (Y, = Y,) X+, (X, =X )+X,(y,—Yy,) =0
= ax+by+c=0wherea b, cel

a=X,—X, b= Y=Y C= yl(xl_ Xz) + Xl(yz_ yl)
square of distance of (0, 0) from

c ? c?
) e e

Case-1: If nis not perfect square

2
And square of radius = n?| 1+ (1—ij =irrational
Jn

2
=riz

s
a’ +b’

= ax + by +x =0 never be tangent to given circle

=IlimP, =0

n—o

Case-2 : If nis perfect square

In this case number of tangents passing through two
pointsfrom given set arefew, but total number of lines
are in much quantity when n approaches to infinite.

=IlimP, =0

n—o

©
1 L .
Area= P d,d, sin 6 is maximum when 6 = 90°

= Paralelogram is a rhombus

a ) (d,)
= perimeter = 4 (éj +(72j =429 < (21,

22]

(A)

Required ways = total words — words formed with
vowels only — words formed with consonants only

= 26* — 5% — 214 = 456976 — 194481 — 625 = 261870

31



Straight Lines

Q.14

(A)

C
25
E D
20 Q.17 (B)
p YN2 H X G 5K2
A = B |
15 y/x“2 y 5 5n2
A F
AD = 2(Area of ABC) _ 20x15 1 ] o
BC 25
B E
Note that AFDE is arectangle. 9 7
9N2 N2
Hence AD = ER 8
Q.15 (C) Q o2 C D 742 R
Let ABCDEFGH be the equiangular octagon as shown
PQ=SR
y 9 5 7
=>——=46+—==—+10+—
2R
=>y=3+42
Also: PS=QR
3L+X+i—i+8+l
2R R
Note : Areaof AAPN = Area of APDN =X =4+4/2
Areaof AAPK = Areaof APBK X4y = 7482 =18.313
Area APCL = Areaof APBL . Nearest it 18
Areaof APCM = Area of APDM -~ Nearestinteger = 16,
Hence . Area (PKAN) + Area (PLCM) ‘I]D iEE\'\;'IAO'L'\J‘S VEAR'S
=Area (PMDN) + Area (PLBK) Q1 0
Hence Area (PLCM) = 36 + 41 - 25 = 52 Image of P(3,5) onthelinex—-y+1=0is
Q.16 (C)
INAABC x-3 y-5 2(3-5+1
1 - 1 2 =1
15 9 BC 4 4
- = = X=4,y=
sin20 sin6 sn36
~.Image is (4,4)
_15 _ .9 200395 Which lies on
sin20 sno 6 (x=4)2+(y-22=4
o e s O
sin® sin30 '
= BC=9[3-4sn%)] (0,b)
=9 [4cos0 — 1]
P(h,k)
= 9|:4X%-1:‘ =16
(a,0)
5 ! o
= =-BC=10
BD 3 X,y _,
a b

32



Q4

h k.
a1 e 0)
1.1

a b ==

2 4

1,11 .
2ty 2 e (i)

. Line passes through fixed point (2, 2)
(from (1) and (2))
(2)

B(34)
(-1,H)A<
—~</Q
I C(2,0)
P = (x,, mx,)
Q =(x,, mx,)
3 4 3
2 2
-1 1
1 X, mx; 1
2 0 1

1
A, =§|2(mx1—mx2)| =mx, —X,|

A1=3A, = E:3m|x1—x2|
Ix —x|:£
= |MT A2 6m
AC :x+3y=2
BC:y=4x-8
P 3 2& 1 2
: + = = =
X + 3y y=mx =X 1+3m
y=4x-8&y= 2=
Q:y=4x y=mxX =Xx2= a-m
[x _x,|=|2 8
Y 143m 4-m
| -26m | 26m
T |@+3m)(4-m)| T (3m+1)|m-4]|
26m

T (Bm+1)(4-m)

Q.5

Q.6

Straight Lines

%= = 6m

26m 13
Bm+1)(4-m) 6m
= 12m2 =—38m + 1)(m —4)
= 12m2 =—(3m2 —11m —4)
= 15m2-11m—-4=0
= 15m2—-15m+4m—-4=0
= (15m+4)(m-1)=0
=>m=1

(2)

(4v _2)

Equation of perpendicular bisector of PR is y = x
Solving with 2x —y + 2 = 0 will give

(-2, 2)

(904)

% (0, 25)

3x+4y—-100=0

(0,0]A B\ 75 X
(20 100
77 (Fo

4x+3y-75=0

z=6xy+y*=y(6x+Yy)
3x + 4y <100 .....(>i)
ax + 3y < 75 ......(ii)

x>0
y=>0
75-3y
X < 2
Z=y(6x+Yy)
75-3
o2
4
1 (225)?
Z <=(225y -7y?) <
2( y=17) 2x4x7

33



Straight Lines

Q.7

Q.8

Q.9

Q.10

34

50625

56
~904.0178
~904.02

. _ 225
It will be attained aty = —

14
(144)

Since orthocentre and circumcentre both lies on y-

axis

= Centroid also lies on y-axis
=2cosa=0
cosa+cospP+cosy=0

= cos®a + cos®P + cos® = 3cosa cosp cosy

cos3o. + CcoS3P +cos3y
COSaL COSP3 CoSy

_ 4(cos’ a.+ cos’ B + cos’ y) —3(cosa + coSP + cosy)

coso. Cosf3 cosy

=12

(2)
3x+4y=9
y=mx+1

=3x+4mx+4=9

= (3+4m)x=5

= x will be an integer when

1
51_21
so, number of integral values of mis 2
)

y=mx-+cC
3=m+c
m-32

1+ 3\/§m

3+4m=5,-51,-1 =>m=

42

= =6m—\/§=m—3\/§

22

=7m-2y2 > m=—=

42
5

According to options take m =

_—42x 3+4/2

5 5
4ﬁx+5y—(15+4ﬁ)=0
(1)

Soy

—oi=

:6m+\/§:m—3\/§

Q.11
Q.12

Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19

L,:x-y=0
L,:x+2y=3
Ly:2x+y=6
A(2,2)
B(1,1
C(3,0)

—AB= 2 ,BC=/5,AC= /5

.. Triangle is isosceles
(3)

(2)

(2)

(9)

(6)

((1250)

(1)

(3)

(4)

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

m—(=3)

[

(B)
Let dopeof lineL =m

+m(—/3)

=tan 60°= \/5 =

m++/3
1—\/§m

= 3

taking positivesign, m+ /3 = /3 —3m

=>m=0

taking negative sign m+ /3 + /3 —3m =0

=m=,/3

AsL cutsx-axis

=>m= .3

soLisy+2= .3 (x-3)
(A) or (C) or Bonus
As a>b>c>0

= option (A) is correct
Furthera>bandc>0
= a-b>0

= a-b>0

= a-b+c>0

=a—-c>0andb>0
=a—-c>0andb>0
=a+b-c>0

and ¢c>0
and c>0
= option (c) is



Q.3

Q.4

correct Q.5
Aliter
(a=b)x+(b-ay=0 = X=y

-c -cC
= Point of intersection (a+b' a+bj

a+b

2 2
c ) +[1+ c j <2\/§
+b

at+b+c
= ﬁ(wj<2\/§ —=a+b-c>0

(6)
let p(h, k)

h—k| |h+k
V2 | |2

= 2J2<h—K+h+k< 42
if h>k

= 22 Sx-y*x+y<afz of p<x<2yz 3P

2< + <4

227777

similarly whenk > h
wehave \[2 <y <2.[2

The required area= (24/2)% — (+/2)? =6.

(B,C,D)

(A) lines are parallel but not coincide (depends on A
and p)

(B) lines are not parallel.

(C) lines coincide

(D) lines are paralel

Question Stem for Question Nos. 5 and 6
Question Stem
Consider theline L, and L, defined by

L,: xJ2 +y—1=0andL,: xJ/2 -y+1=0
For afixed constant A, let C be the locus of a point
P such that the product of the distance of P from L,
and the distance Pform L, isA? Theliney = 2x + 1

meets C at two points R and S, where teh distance
between Rand Sis /270,

Let the perpendicular bisector of RS meet C at two
distinct point R'and S. Let D be the squar e of the
distance between R'and S.

(9.00)

|\/§x+y—1||\/§x—y+1| _92

P(x, y) | NE

(NI

Straight Lines

2 2
‘—ZX _%_1) ‘:xz, C:fox® —(y-1)?|=3n°

liney=2x+1,RS= \/(xl—xz)z +(y,—Y,)* » R(x,,

y,) and S(x,, y,)

y,=2x, +landy,=2x,+ 1= (y,—Y,) = 2(X,—X,)

RS=/5(x; =X, ? =\/§|X1_X2 |

Solve curve C and liney = 2x + 1 we get

|2x% - (2%)°| = 3

2430

RS=+/5 7

(77.14)

2
A =x2 =3L
2

Rv

R(X,.y)

S(xy2)

Sr

1 bisectior pf RS

TE(X1+X2 y1+y2j

2
Herex, +x,=0
T=(0,1)
Equation of

2

R'S':(y—1)=—%(x—0):x+2y=2

R(a,b) S(a, b))
D =(a —a)? + (b, —b)?=5(b, —b,)?

solvex + 2y =2 and [2¢* —(y—1)*| = 3%

B@—nz—w—nﬂ=3%:>w—n2=(

R

y-1=

_73

)
NG

_ 5x4x3)\7 _ 5%x4x27

b, =1 b, =1

ﬁ}z

(23
“’[ﬁ]

7

\
Ni;

e
A7

=77.14

=300 =270 =300 =270 =42 =9
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Circle

[ EXERCISES

ELEMENTRY

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

36

(1)
Required equation is (x —a)? + (y—a)? = a2

:x2+y2—2ax—2ay+a2=0.

(1)

1
Thecircleis X2+y2 —Ex:o,

Centre (-9,-f) = (% 0)

1 1
R=|—=+0-0==
and 16 4

(2)

Let the centre of the required circle be (x,, y;) and
the centre of given circleis (1, 2). Since radii of both
circles are same, therefore, point of contact (5, 5) is
the mid point of the line joining the centres of both
circles. Hence x, = 9 and y, = 8. Hence the required
equation is (x — 9)2+ (y — 8)2=25

= x?+y? -18x-16y+120=0.

Trick : The point (5, 5) must satisfy the required
circle. Hence the required equation is given by (2).
(4)

Let the centre be (h, k), then radius = h

Also CCl = R1+ Rz

or |/(h-3)2+(k-32 =h+9+9-14

= (h-3)2+(k-3)2=h%+4+4h

— k2 _10h—6k+14=0 OF y? —10x — 6y +14=0

(3)
The other end is (t, 3-1)
So the equation of the variable circle is

X=-D(x-t)+(y-D(y-3+t)=0

or x2+y?—(1+t)x—(4—-t)y+3=0
.. The centre (a, B) isgiven by
1+t 4—t

B

= 20+2B=5

Hence, thelocusis 2x+2y =5.

(4)

Here the centre of circle (3, —1) must lie on the line
X+2by+7=0.
Therefore, 3—-2b+7=0=b=5.

[0

Q.7

Q.8

Q.10

Q.11

Q.12

Q.13

)
(4)

Any line through (0, 0) be y—-mx=0 and it is a

tangent to circle (x —7)2 + (y +1)? = 25, if

~1-7m 3 4
=5 m=>,-2

V1+ m? 4 3

Therefore, the product of both the slopesis —1.
3 4

e, —x—-——==-1,

4 3

. T
Hence the angle between the two tangents is —

5"
(3)
Equation of pair of tangentsisgiven by SS, = T2 Here

S=x?+y2+20(x+y)+20, S =20
T=10(x+Yy)+20
.85 =T?

= 20{x? +y? + 20(x +Y) + 20} =10 (X + y + 2)?

= 4x2 + 4y? +10xy = 0= 2x2 + 2y + 5xy = 0.

(2)
32)-4d)- [ 2 =
Accordingly, (\;32+7(:2 =42%+4%+5
= -10-A=425= A =-35/15.
(1)

Let S =x>+y>—2x+6y+6=0
andS,=x*>+y?—5x+6y+15=0,

then common tangent is S, - S, =0

= 3X=9=x=3.

(2)

Since normal passes through the centre of the circle.
-. The required circle is the circle with ends of
diameter as (3, 4) and (- 1, — 2).

It'sequationis(x—3) x+D+(y-4)(y+2)=0
= x2+y2—2x—2y—11:0.

(3) Length of each tangent

L2 =(4)? +(5)% - (4x 4) - (2x5)-11

L=2

r=42%+12 - (-11)

r=4
Area=L +r =8 sg. units.

2
Length of tangentsis samei.e., \/S; =[S, = /S5 -



Q.14

Q.15

Q.16

Q.17

Q.18

We get the point from where tangent is drawn, by
solving the 3 equations for x and y.

ie, x2+y?=1,
x2+y?+8x+15=0and x?+y? +10y+24=0
or 8x+16=0 and 10y +25=0

5
=x=-2and y=—z

o S
Hence the point is (— 2, —Ej .

(2)
Suppose (xq,Yyq) be any point on first circle from
which tangent isto be drawn, then

X2+ y2 +20%, + 2fy; +¢,=0 ..
and also length of tangent

= Sz = xE +¥E + 200+ 2y 4
From (i), we get (ii) as ,/c—c; .

(1)

S =x%+y?+4x+1=0

..(i)

82=x2+y2+6x+2y+3:0
Common chord =S, -S, =0=>2x+2y+2=0
=X+y+1=0

(3)
Obviously BC = 42

:k:i\/ﬁ

(1)

We know that the equation of common chord is
S-S, =0, where S; and S, are the equations of
given circles, therefore

(x—a)2+(y-b)2+c®—(x-b)? - (y-a)®>-c®>=0

= 2bx —2ax +2ay —2by =0
= 2(b-a)x—-2(b-a)y=0=x-y=0
(3)

Equation of common chord is ax—by =0

Q.19

Q.20

Q.21

Q.22

Q.23

Circle

Now length of common chord

=2\t - p? = 213 - p3
where r; and r, areradii of given circlesand p;, p,

are the perpendicular distances from centres of
circles to common chords.
Hence required length

at 2ab

=2 a2_ =
2 2
a“+b \/a2+b2

(4)
Equation of common chord is §;-S, =0

= 2x-2y=0i.e, x-y=0

-» Length of perpencicular drawn from C,

1
to x—y:OisE
19 1
.. Length of common chord = 2 >3 =6

(3)

Here the intersection point of chord and circle can
be found by solving the equation of circle with the
equation of given line, therefore, the points of

24 7
intersection are (-4, —-3) and (— —) . Hence the

5'5
24 7
—4+€ —3+g _(E _ﬂ)
midpoint is 2 ' 2 | \5" s5/).

(4)
Let the mid point of chord be (h, k), then its equation

isT=S,
i.e., hx +ky—(x+h)-3(y+k)-10

=h?+k?-2h-6k-10
Since it passes through the origin, therefore

h?+k?-h-3k=0

or locusis x2 +y?—x-3y=0.
(1)
SS; =T?
= (X2 +y? - 2x + 4y + 3)(36+ 25— 12x — 20y + 3)
=(6x-5y—Xx—-6+ 2(y—5)+3)2
= 7x2 + 23y? + 30Xy + 66% + 50y — 73=0.
(1)

C1(1,2),C5(0,4), Ry =+5,Rp =25
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Circle

2 circle just contains the 18
C,C, =+/5 and C;Cy =|Ry — Ry | J

Hence circles touch internally. ie, CoCi=r—r=r1,= 1_25 )
24 (3
© ) _ . _ Q.29 (2
Equation of radical axis, S, -S, =0
i 1
€ The polar of the point (5, _Z) is

(2x2 +2y? —7x) - (2x% + 2y% -8y —14) =0

XX X+ Xq)+f c=0
— —7x+8y+14=0, . 7x—8y-14=0 1HWYL+ OO x) Ty +ya)+

Q.25 (4) :>5x—%y—2(x+5)+0+0=0
515x2+y2—16x+60=0
..... 0 :3x—%—10=0:6x—y—20=0_
52 EX2+y2—12X+27:0 ----- (“) Q30 (1)
S, = x2+y2—12y+8:0 ..... (iii) Given two circles

x2+y2—2x+22y+5:0
The radical axis of circle (i) and circle (ii) is

2 2
14 k=
S-S, =0=—4x+33=0 XTHy T +1ax+by+k=0

The two circles cut orthogonally, if

iV
thé r;dical axis of circle (ii) and circle (iii) is 2(9192 +f1f2) =cp +coie, 2(-1.7+11.3)=5+k
S,-53=0=-12+12y+19=0 ... (v) 2(-7+33)=5+k=>52-5=k => k=47.
33 20 JEE-MAIN
Solving (iv) and (v), we get theradical centre (7?) . gBlJ EC'{L\)/E QUESTIONS

Q.26 (2
Required equation is

(x2+y2+13x—3y)+x(2x2+2y2+4x—7y—25)=0

1 { -:-
which passes through (1, 1), so A = > \>

Hence required equation is

(1.2)

4x? + 4y? + 30x - 13y — 25=0.

Q.27 (1) . ~
Let equation of circle be diameter = 442
x2+y2+2gx+ 2y+c=0 with x24+y2=p? 02 E;Z\/E
cuting orthogonally (3,4) & (2,5) are ends of diameter of circle
weget 0+0=+c—p? of c=p? So, Equation (x — 3)(x —2) + (y -4)(y -5) = 0
and passes through (a, b), we get X2+y2-5x—-9y +26=0
2. 12 2 Q3 (2
a”+b"+2ga+2b+p® =0 or Equation of circle(x —0) (x —a) + (y —1)(y—b) =0
' -axi = 2—ax+b=0
2ax+ 2bv— (a2 + b2 +p?)=0 itcutsx-axisputy =0 = x*—ax +
y = ( p%) 04 (3)

Required locus as centre (—g, —f) is changed to (X, y).
Q.28 (2 Length of intercept on x-axis = 2.,/g? — ¢

3) 5
Given circleis (2, E) 5= (say) 25 81
=2, /22414 =2.]== =9
Required normals of circlres are 4 4

X+3=0,x+2y=0
13
3 -axis = [£2 = — | +14
which intersect at the centre (—3,§j,r2=radius ony-ais=24f* ¢ =2 (2]

(say).
38



Q.5

Q.6

Q.7

Q.8

Q.9

169 + 56 225
= 2\/— = 2J— =15

4 4
(4)
givencirclex?2+y?—4x -6y =0
itcutsx-axisputy =0,x=0, 4
itcutsy-axisputx =0,y =0, 6
Hence mid points on x-axis (2, 0)
on y-axis (0, 3)

X
Equations of line 241 1=>3x+2y-6=0

2 3
(3)
Intersection of given lines is centre

2Xx—-3y-5=0
X—-4y-7=0

X _ y _ 1
21-20  -15+14  -8+9
= x=1ly=-1

154

(1, —1), Tcl’2:154:> r2= E x 7
=>r=7

g=-1,f=1,c=0g2+f2—-r2
=1+1-49=-47
X2+y2—2x+2y—47=0
(g) 2- 2
Xc+(yxa) =

X2 +y?+2ay =0 Q10

Yy

(0, a)

(0, -a)

(1)
Centre (2, 1), radius = \/(3 22 +(6+1)?

(x=2)2+(y+1)2=50
x2+y2_4x+2y—45=0

(4)

Let the centre (a, b)

(a—3)2+ (b)?=(a—1)? + (b + 6)?
=(a-4)2+((b+1)

Q.11

3+3cos06-3 0+0+3sin0

Circle

(3, 0)

\ $(4, -1)
(1, -6)% d

) & (ii)

—6a+9=-2a+1+12b+ 36

= 4a+12b+28=0 = a+3b+7=0
(i) & (iii)

—6a+9=—-8a+16+2b+1

= 2a-2b=38 = a-b=4
5 11 J49 121 4170
a:—’b:—— r=,—+— = —
4 4 16 16 4
5 11 25 121 170
g=——,f=—,c=—— + (— - —/—
4 4 16 16 16
_ 24 _ -3
16 2
X2+ 2_2 EX+2 H _E—O
y'me g "4 Y27
2x2+2y2 _5x + 11y -3=0
(1)
Circle is
co-ordinate of point
A (3 cosp, 3 sinb)
(3cose,3sin6)é
c i/ A, ¥ B

(-3, 0); ’G,0)

centroid of AABC is P(h, k) whose coordinate is

3 ' 3 jz(cose,sine)
h = cos0, k = sinf

h2+k?2=1= x2+y2=1

(2)

x2+y2-2x=0

(x-1)2+y?=1

area AOAB =3 or A(OAP)
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Circle

Q.12

Q.13

40

1200/ 1
Yol
0 P (1, 0) X Q.14

1
=3x = 11sin120°

2
343 _33 .
—ZT—qu.unltS

(3)

(x+4) (x-12)+(y-3)(y+1) =0
X2 +y2-8x-2y—-51=0
f=(-1),c=-51

(-4, 3) . (12, -1) Q.15

yintercept =2,/f2 _¢ =2,1+51

=257 =413

Aliter
centre (4, 1), radius = /68

A
(-4, 3)%
P 4,1)
4
\ ° a2, -1)

B
AP=68-16 = 52

AB=2AP)=2.52 =413
(1)
y2 — 2y + 2xy = 0 represent normals.
{yy-2-2x(y-2)=0)
Y-2) (y-2x)=0} Q.16
Intersection point is centre
y=2&Yy=2Xx=>x=1,y=2
centre (1, 2), passing thorugh (2, 1)

r=y(-1%2+1% =2

(x=1)2+(y-2?=2

X2 +y2—2x—4y +3=0

(2)

Reflection of (a, b) iny —x=0is (b,
centre (b, @) touching x-axis.

____________
~~~~

r=Q
(x—b)2+(y—a)? =2
x2+y2_2bx —2ay +b2=0

(2) (7, 7)
5/2 R Q 52
ol
B P A(6, 0)
(0,6) 642

 P(3, 3)
o

6.(5V2)+0+7.6v2 0+6.(542)+7(6+2)
5\/§+5\/§+6\E ' 5\/§+5\/§+6\/§

) emen32 5 -5

e O L[y 9y .0
= 2 2) T2

81 9
2 2 _ _ - _ = =
=>Xc+y-—-9x -9y + > > 0

=x2+y2-9x-9y +36=0

(1)
Point on the line x + y + 13 = 0 nearest to the circle
X2 +y2+4x + 6y —5=0isfoot of L from centre



L\ Circle

length of L from origin
X+2 _y+3 _ [ﬂj__4 =3
1 1 1% +1° = 9+ 4m? —12m =9 + 9m?
X=-6, y=-7 12
Q.17 (2 :>5m2+12m:0:>m20,—?
x2+y2—4x -2y —-20=0,P(10,7) _
81:100+49—40—14—20>O Hencellneﬁarey—3=03y=3

12
y-3=-% (x-2) =5y -15=—-12x+ 24

= 12x + 5y = 39.

(2,1)

P(10,7) e IR Q.20 (2)
From centre (2, —-3), length of perpendicular on
line3x +5y +9=0is
p= 8-15+9 _ 0. line is diameter

P lies outside v25+9 ’

0@ 1,r=4+1+20 = r=5 Q.21 S) e coint is foot of

. equired point is foot of L

greatest distance = PA = PO + OA
X—3 y+1 6+5+8

= 2 2 = = L - _ | —— - _

,[8 +62 +5=10+5=15 > T 5 ° (4+25 =-1

Q.18 (3)
x2+y2_4x—4y=0

C(212)1r: v4d+4-0 :2\/5

Y
(2,2) Q.22 (1
Ci —C
N =13 = lc,—c,|=8
@]
Parametric Coordinate
(2+22cosa,2+2,/2 sina)
Q.19 (2
Let slope of required lineism
y—-3=m(x—-2)
>mx—-y+3-2m)=0
Q.23 (2)
Point (8,6) liesoncircle; S, =0 — onetangent.
Q.24 (4)
(0,0) X2 +y? = &
my =tan0

3
> 1

— _ 1
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Circle

Q.25

Q.26

Q.27

Q.28

Q.29

42

/ P(acos6,asing)
0
!J \
(3)

X+my+n=0,x2+y2=r2

r= =>r2(2+md)=n?

2

2 +m
(2)
Lineparalé to givenlinedx + 3y + 5=0is4x + 3y
+k

=0

Thisistangentto x> +y?—6x + 4y —12=0
12-6+k
e
6+k=+425 = k=19,-31
Hencerequired line4x + 3y —31=0, 4x+ 3y +19=
0

(1)

_ |(—g+g)cose+(—f +f)sin6—k|
p_
| Jcos20+sin?0 |

= Jg?+fP-c = r+f2=c+k?

(4)

Equation of tangent x — 2y =5

Let required point be (a.,pB)

oX + By 4(x+a)+3y+p)+20=0
X(a—-4)+y(P+3)—4a+33+20=0
Comparing

a-4 B+3 4a-3p-20

1 -2 5
Similarly (o) = (3, -1)

(3)

Let tangent bey = mx

m+1

V1+m?

= 49m? + 1 + 14m = 25 (1+m?)
24m? +14m-24=0
mym,=-1

=5

angle = 90°

Q.30

Q.31

Q.32

Q.33

(1)
X2 +y2—2x+2y-2=0
Tangent at (1, 1)

(1,1) y=C

X+y—-(x+1)+(y+1)-2=0
y—-1+y+1-2=0

2y—-2=0

y=1=rc=1

(2)

Tangent at (X,,Y,) is

XXq +Yyy; =25

X+4y=25=x,=3,y,=4 = (X, ¥)=3 4
(1)

Let tangent from (0, 1) on x2 + y2-2x+4y=0

y-1=mx C(1,-2),r= |5
=>mx-y+1=0
|m+2+1]
r=5=—F——=5Mm+1)=(m+37
ym? +1
=4 -6m-4=0 = 2m?-3m-2=0
= (m-2) (2m+1)=0:m=2,—5,
2X-y+1=0
X+2y-2=0

Tangentsare

(3)

Normal is diameter
passing through
centre (O, 0)

|
o

i

& m=

|
o

-

~—
Sl
o=
Ne—

p
N

y=x= x-y=0




Q.34

Q.35

Q.36

(2)
Required diameter is L to given line.
Hencey + 1=-2(x - 2)

& -2y +1)=16

Q.37
2,-1)

Nl

=>2X+y-3=0

(1)

Normal to the circle x? + y? —4x + 4y — 17 = 0 also
pusses through centre.

Hence its equation is line joining (2, —2) and (1, 1)

x-2y-3=0

1+2
(- = ;5 -1

y—-1=-3x+3

=3X+y—-4=0
(2
Line passing thorough the intesection points of L, &
L, is tangent of circle
(2x=3y+1)+A(3x-2y-1)=0
2+3\)x—-y (3+2))+(1-A1)=0istangent of
given circle

Q.38

centre (-1, 2),r=4/14+22_0 =45

@3 -2@ 2+ -2)
JE:‘ Je+mpP @G22 |

|87 Q.39

i J@2+30)% + 3+ 20)?

5[(2+31)2+ (3+2))3 = (8L + 7)?

65 A2 + 120\, + 65 = 64A2 + 112), + 49
A2 +8L+15=0 = (A+4)2=0
A=—4 = tangent—10x + 5y +5=0
2x-y—-1=0

Aliter :

Point of intersection is (1, 1)
2X-3y+1=0

Ud Uiy

Q.40

Circle
3Xx-2y-1=0
(14, 1) lies on circle
tangent of circleis
X.1+y.1+(x+1)2y(y+1)=0
2x-y—-1=0

(1)

Givena@+b2=1,m?+n?=1

i.e. points (g b) & (m, n) on the circle
x2+y2 =1 tangent at (a, b)

ax + by —1 =0 point (0, 0) & (m, n)

so lie some side of the tangent

(0,00 > -1<0

oo(mn)= an+bn-1<0=am+bn<1

(m, n) & (a, b) can be equal
am+bn<1

(m, n) & (&, b) can be negative

oo Jam+bn|<1

(3)

Asweknow

PA.PB = PT? = (Length of tangent)?

Length of tangent = \/16x9 =12

(1)

Let any point on thecirclex?+y?+2gx + 2fy + p=0
(o B)

This point satisfies a? + 2 + 2ga + 2f + p=0
Length of tangent from this point to circle x2 + y? +
2gx +2fy +q=0

length = /S, = \/oc2+[32+29a+2f[3+q

=~0-p

(3)
2x2+y) —7x+9y—-11=0,P (2 3)
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Circle

Q.41

Q.42

Q.43

44

Point lie outside

7 9 11
o2 L Zy_ = —
. XS Hy 2x+2 > 0
Length of tangent
27 11
le\/g =\/4+9—7+7—7
=J6+8 =14

(2)
Let point on line be
(h, 4 — 2h) (chord of contact)
hx +y (4-2h)=1
y( ) Q.44

h(x-2y)+4y-1=0
(2)
X2 +y2—-2x-2y—-7=0

01, r=yJ1+1+7=3

Equation of AB

(11
Point 2’2

P4, 4) Q.45

IX+4y—(X+4)—-(y+4)-7=0
X+3y=15= x+y=5
|[1+1-5] 3
M= — =

V12412 V2

2 3P _3 3
AM=(3% == =" =AB=2"7=32

(4)
equation of pair of tangentsand find angle betwen time.
x2+y2=4& line3x + 4y =12

Q.46

(0, 3)

/ \ Xy V)
Q‘y o

Let P(x,,y,) oingivenline& C.O.Cof P.

XX, +yy, =4 ()]
P satisfy given line
3x, +4y, =12 (i)
3(i) — (i)
= 3xx;+3yy; =12

3x, 4y, =12

3x, (x-1) +y, By—-4)=0
x-1)+x@By—-4=0

= L,+4L,=0
4 (14
3 "3

Findpointx=1&y= - =

(3)

Chord of contant from (0, 0) & (g, f) are
gx+fy+c=0

& gx+fy+gx+g)+f(y+f)+c=0
=2gx +2fy + g2+ f2+¢c=0

distance between C.0.C.'s

g>+f>+c-c
2 g +f2—c
\/g2 +f2 2\/92 +f2

{'.'g2+f2—C20}

<
45°

Hence locus x? + y2 = 2

(3)

Let mid point of cord P(h, k)
x2+y2_2x -4y —-11=0
C1,2,r=4

3

CP=4cos30°=4 —- =23

B

4

A
-

» K)



Circle

We know .that. locusis circle C,Co= |- |
whose radiusis CP & centre (1, 2)
=42

x-1)2+(y—-2)2=(2 2
( ; Z(y )= @) Internally touch .. common tangent is one.
= X°ty —2X—4y—7—0 Q51 (1)

M-Il equation of chord T = S, have adistance from X2+y2=9
centreis Zﬁ and get the locus. = C(0,0),r,=3
2 4\2 -
Q.47 (1) Xc+yc+6y+c=0
Let the centre P(h, k)
m.o=—L_-1_2
PH™ m, 5 5
2
------ C,(0,-3),1=y9-c
.\‘ If circle are externally touching
J P(h, k) C,1C =1y
: ;- B=3+.9-c
-‘\ M "'
(2,3) .."5x + 2y =16
k-3 _2
h-2 5 =c=9
2h—5k+11=0 If cirlce are internally touching
2x —5y + 11= 0 — Line PM. CiCo =l —ryl
Q.48 (2) 3=+3-9_c or 3=-3+.,9_¢
CC,=5, rn=7,r,=2
= c=9= 6= ,9_¢
= c=-27
c=9,-27
Aliter :
Common tangent of S; & S,
C,C,=|r;—r1,] = onecommon tangent By +c+9=0 1
Q.49 (2
Equation of common tangent at point of contact is S, c+9
-S,=0 3= 75| = 18=|c+9
[c2
— 10x + 24y + 38=0 6
=5+12y+19=0 = c=9,-27
Q.50 (A) Q52 (1)
$,=Cy(1,0), r,=.2 Let required circleisx® +y?+2gx + 2fy +c =0
Hence common chord with x2 + y2 -4 =0
S, =C,(0.1).1,=2,2 is2gx + 2fy +c+y=0
_ _ This is diameter of circle x? + y?2 = 4 hence c = 4.
GG =412 412 =2 y

Now again common chord with other circle

2 '1\ 2
=T X+ y-2x+6y+1=0
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Circle A ——

g+ +2y(f-3)+(c-1)=0

r+6  2(h-4 2
Thisis diameter of x> +y>—-2x+6y +1=0 ; + (k ):—1
2g+1)-6(f-3)+5=0 -
Zég—Gf)+15(=O) = 7&:—2h—6, r=—k+4
locus 2x —3y —15 =0 whichisdt. line. . 2h—-6=-k+4 | )
Q.53 (3) = 2h—-k+10= Locus:2x-y+10=0
Common chord of given circle
Q.56 (1)
6x+4y+(p+q)=0 e ) )
Thisis diameter of X2 +y2—2x+8y—q=0 S1-5,=0 = /x-8+16=0
S,-5;=0 — 2x—4y+20=0
S;-S5,=0 = 9x-12y +36=0

On solving centre (8, 9)
Length of tangent

= /S, =/64+81-16+27-7 = /149
=(x—8)2+ (y—9)2= 149
=x2+y2-16x—-18y-4=0

centre (1, —4) Q57 (3)
6-16+(P+q=0=p+q=10 Let centre (h, k) & circle
Q.54 (3) X2+y2+2gx + 2fy +c=0
5, -5=0= 16y+120=0 h=-g, k=
120 ForS :9,=2f,=-3,¢,=9,
~ Y™ 16

5
ForSz:gz=—E,f2:2,cz=—2

15
= yE-5 = X=8

Intersection point of radical axisis

o2

Q.55 (1)
Let point of intersection of tangents is (h, k) family
of circle.

n29g2+2f(-3)=c+9
=4g-6f=c+9 (1)

& 29 (7) +2f(2)=c-2

= -5g+4f=c-2

(2

Subtract (2) from (1)

—9g+10f=11 =9%-10y+11=0

Q.58 (4)
2CD =AB
X2+y?—(L+6)x+(8-21)y—-3=0 CD=0C=0D=AC
Common chordisS—S, =0
= _(L+6)x+(8-22)y—-2=0 AB _ os 600
=>Mh+6)x+(2L-8)y+2=0 AE

(i)

C.O.C.from (h, k) to S;: x2+y2=11is
hx +ky =1 (i)

(i) & (ii) are same equation
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Q.59

AE= 1/—2 =2AB

(1)

Circlex2+ (y —b)2=1Db2
=x2+y2-2by=0
Polar w.r.t. circle P(h, k)

Y

(0, b) *P(h, k)

S hx+ky-b(y+k)=0
=hx+y(k-b)—bk=0
Compair with
X+my+n=0

m n

14
“h k-b -bk

hn _ n(k-b)

= 62—_bk & m= “bk

-hn

—b=—— &mbk+n(k—b)=0

144

hn hn]
. —_ k+—1|=0
. mk K +n(

rk

U

k?
—mnhk + nk?¢ +hn2=0
—mhk +k2¢+hn=0
h(mk-n)—rk2=0
x(my —n) —¢y2=0

Uil

2
mnh , k2 +hn) —0

JEE-ADVANCED

OBJECTIVE QUESTIONS
Q1 (B)
h2 + b2 = 12
k?+a2=r2

Q.2

Q.3

Q.4

= h2—K2=a -2

Ts

h

20 (|7 Ch

i e |k
a

o[ ,~——"7

<«—2a—>

locusisx2—y2=a2—h?

(B)

Let centre (g, 0), radius = a
(@a=3)2+42=2&
—-6a+9+16=0

6a=25—= a= é
- 6

3,4

25
g=—" =0, c=0

X

25
x2+y2—?x=0

Aliter :
c=0,f=0Letcircle

x2 +y2 + 2gx = 0 passes (3, 4)
9+16+6g=0

=25
9= 3~ =3(x2+y?)-25x=0

©)

(x+3)2+(yx4)2=16

X2 +y?+6x+8y+9=0
(A)

Let centre (a, b)

AB?Z? = (6k)? = (2a)? + (-2b)?

Circle
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Circle

= a+b?=9k?
y
B(0, 2b)
3k
(a,b)
3k
SR weTr 1 1 1
A (2a, 0 + =
’ 7 ac?2” aBZ ~ AD?
Let centroid of AOAB is (X, y,) AB2AD? AB.AD
=>AC?’= ————= = AC= NI
2a 2b 3 3 AB” - AD AB? — AD
X1: ?,yl: ? :>a:5 Xl,b: 5 yl
5 5 Q.7 (D)
(ﬁ] . (3Y1j - oK2 Let equation of circle is
2 2 ) x2+y2+2gx +2fy+c=0
= X2HY2= (K2 = x2+y? = (2K)2 passes through (1, t), (t, 1) & (t, t)

= 1+t2+2g+2ft+c=0 ...(i)
=>t2+1+2gt+2f+c=0 ..(ii)
= t2+1t2+ 2gt + 2ft + ¢ = 0.....(iii)
by (i), (i) & (iii) we get

(t+1) (t+1)
__T'f__T’C_
LX2HyZox(t+ 1) -y (t+1D)+2t=0
(P +y?=x—y) +t(-x-y+2)=0
= S+itL =0
Fixed point of intesection of S& L
+ x2+y2=2
or—+—+— x &x+y=2
=x2+(2-x)2=2
= 2x°-4x+2=0

Q5 (D)
x2+y2—6x—6y+14=0
centre (3, 3), radius = 2

2t

= radiusish (- touches y-axis)

PC=h+2
Jh=32+(k-32 =(h+2) = (x-1?=0
= h2+k?2—6h+18=4+4h+h?
= k2—10h—6k +14=0 TR (th)
= y2-10x -6y +14=0
Q6 (D)
AD 1 BC
1 (t1)
AD _ . o 1 P
InAACD = AC =snd  ...(I)
AD . = x=1&y=1
INnAABD = B =cos0 ....(ii) Point (1, 1)
(i)Z + (ii)2 Q-8 (A,C,D)
Centres (2,2),(-2,2),(-2,-2),(2,-2) & radius =2
AD2  AD2 (A) Centreslieson y?—x? =0
FJrE =1 (B) not only y = x

(C) Area of quadrilateral ABCD
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Q.9

Q.10

=4 x4 =16 5q. units.
(D) Radius of such circle= OA + 2

= {22_{_22 +2:2\/E +2
:2(\/5 +1)
Area=n22 (/2 +1)?=n4(3+2./2)

(©

1
Point (t- ?j lieson x2 +y2 = 16

1
t2+t—2 =16

= t-16t2+1=0 ... ()
If rootsaret, t,, tg, t, then

ot =1 e (ii)

(B)

A0.3) h k+3
\\/B[?TJ
B lies on circle
WY () (k3 )
> +4 5]+ 5 =0

2 2

0

Hence locus of (h, k) x2+8x + (y —=3)2=0

Q.11

Q.12

Q.13

Circle

(A)

By parameteric

B(6+ 410 cos0, 2+ /10 sn6)

ten 6= =
anv=73

3
B £6+EXE,Z+EX%J =B(9.9)
(A)

X2—2x+1)-y?*=0 = (x+y-1)=0
x-y-1=0

h-0-1 , 7
‘ 72 ‘ = ,/(h—3) +E

h2+1—2h:2(h2+9_6h+%j

o 5 EJ

(1.0 (h,0)

110

=h’-10h+24=0=h=6,4

But centre lies inside the circle x? + y?2 — 8x + 10y +
15=0

Hence required point (4, 0)

(B)

AC=2=AB=BC=CA=AD

oB= 52 _1 =43

INnAOCAM,

r .
aSIﬂGOO
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Circle

Q.14

50

]
2
Q.15
Any point
on the circle
P ﬁcose,ﬁsine Q.16
2 2
2 2
V3 V3 . 3
2 - —cos0-1 —sind | == 41—
2 2
|p|3|2=[§c056] + gsine—\/ﬂ =§+3_3
4
o Q.17
sn
2 2
3 3 .
|mlzz{gcose+1] J{gsme] :%+1+\/§
coso
2 2
|PD|2:(§C059J {gsin(ﬂ\@] 3,343
4
. 3
snff= sum=4. 2 +8=11
(A)
x2+y2<25
on x-axis & y-axis4 x4+ 1=17
x=1y=12234 Q.18
x=2,y=123,4
x=3,y=123

x=4,y=12
In ISquadrant 13
Inal quadrant = 13 x 4 =52
No. of points =52 + 17 = 69
(B)

V3

AD=2rsin60°=2r7 = /3r

2 _2r
AO—\/ErXE_\/g

OP=0A +AP
2r (2+43)r

:ﬁ+r: \/5
(B)

(3.4) (—1—2)diameter

(x=3)(x+1) +(y4)(y+2) =0
Equation x2 + y2—2x 2y 11 =0
©)

r=1
1 C B
cos(90-0) = —
ZD 0[6 /1 A
90 -6
in0= 1 X(—Z,O)QJ 2,0)
sin =5
n T
=75 = 20=3
2n.1

arcBC =/ (BC) = e =

w3

Shortest pathis=2,/3 + %
(©)

asweknow L _ = m -7



Circle

Lo = Jd?—(r-1,)? =11 (10 = (2 Ej

squaring & subtact r.r, = 18 5 5
Q.19 (A 022 (A)
. . i s 16x
Let any point P(x,, y,) to the circle x* + y> — —— <

o1y > (21)
+ o2 =0 T~/

64 (Xx+g)(x=2) +(y +f)y-1)=0
2 2_ = v =
XY - gt e =0 Q.23 (B)
Length of tangent from P(x,, y,) to the circle are in
ration Vg% +f2 —c cosa
A
> 2 24 32 —
\/S_l ~ \/Xl +VY1 —?Xl+€yl+15 .y, -csina

xZ +y? —%xl+6—:y1+60

16 64 24 32 tand =tana = 6 =a

) T it Xt atld angle = 2a.
"6, 64 48 64 Q.24 (B,Q)
?Xl—Ey1—?X1+?y1+ (x—4)2+(y—8)2=20
x2+y2_8x—16y +60=0
—24x, +32y, +225 C.O.C.
= | -96x, +128y, +900 —2X-4(x-2) (x-2)-8(y+0)+60=0
—-6x—-8y+68=0
\/ —24x,+32y,+225 1 = X+4dy-34=0
T\ 4(-24x, +32y, +225) T 2 AO= /g2 ,82 =10
Q20 (A) oy 12x+32-34_10
a(h2+k2—a2)3/2 _ 3(25_9)3/2 l32 +42 5

Standard result =

h? +k? 25
_3x16x4 192
- 25 T 25
Q.21 (D)
Tangent at (1, 2) tothecirclex2 +y?=5
X+2y-5=0
chord of contact from C(h, k) tox?+y2=9 X
hx +ky—-9=0
o (4.32)
B (12 5 14 5
A
PM=.20-4 =16 =4
\/ -3
C.O.C=tand = @

3 _
= sme—s,cose— 5

h k9
compare both equations — = — = T
L2 in parametric form

51



Circle

Q.25

Q.26

52

1
v
1
I+
N

A M

5x-14 5y -32
-4 3
= 5x=14-16,5y =32+ 12
2. 44
57775

-2 44
5'5
5x=14+16,5y=32-12

X=6,y=4
(6, 4

=+4

X=—

(B)

J(h+2) + (k-3)?
5
Locus (x +2)2+ (y—3)2=6.25

cos /3 =

'd
/3

(©

Givenx2+y2—ax—by =0

Centre = (5 ’ E >

INAOPA,

OP _ dnas
~ 0A

a bj,r: VaZ + b2

Q.27

Q.28

B

(N A

OA
= 0P= ﬁ

5

2Rk 2 2
2 2 2 2
a7 +D” e _an+ @ ek 2
8 4 4
2 2
= W+k2—ah—bk+ 227 =0
2 2
= x2+y2—ax—by+ 2 L

(©
Pair of tangents from (O, 0) on
x2+y2+20(x+y)+20=0
T2=SS,
(0 + 20 (x +Y) + 20)2
= (x2 + y2 + 20x + 20y + 20) (20)
(X +Yy)2+ 400 (x +y) + 400
=20 (x2 + y2) + 400 (x +y) + 400
5(x +y)? = x%+y?
4x2+ 4y?2 + 10xy = 0
2x2+5xy + 2y2=0
M-I C.O.Cfrom (0, 0) 8 honoziniation to circle and
get pair to tangents.

(B)

) 4
slope of C,C, istana = -3



By using parametric coordinates

C,(x3cosa,*+3sna)

Q.31
C,(x3(=3/5), 3 (45
C,(x95, 3 12/5)
Q.29 (B)
If two circles touch each other, then
CC,=r +r,
\/( 91+92) +(= f1+f2 \/gl +f1 \/g§+f22
squaring both sides
- Zgng - 2f1f2: 2\/(9% + f12 )(g% + fg)
, , 9 _f
=(g9,f)*+(9,f)-290ff,=0= g = f,
Q.30 (©
0,=43+1
SineruleinAO,0,
Q.32
A
o 600
. 45 r,
450 - 300
O1 \/5 +1 O2
\/5 +1 _ i _ )
sin105° ~ sin30° ~ sin450°

Circle

(B)

Common chordr, =5=r,
—-6x+8y—-7=0

= 6x—-8y+7=0

18-0+7 25 5
M= ez g2| T1072

S R REE

AB=2AM =53

Aliter :

rh=r,=5
AC,=AC,=C,C,=5
= AAC,C, equilateral

5V3

AM = 58n60° = == = AB =53

(©

(4 a=5b=4,c=3
whichisrightangled A at A

/PAB =0, ZPAC=q, 6 + o = 90°
InAABP
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Circle

54

r+2 r+1

B 3

2+r

C

9 1)2 - (r+2)2
cosh = +(r+1) —-(r+2)

2.3.(r+1)
_ 9+r2+2r+1-r’>-4r-4 _6-2r
B 6(r+1) T 6(r+1)
3-r

= €0s0 = 31+r) (A)
INAACP

16+ (r+1)° - (3+r)?
2.4.(r+1)

cos a =

3+r

C

_16+r?+2r-1-9-6r-r?
B 2.4(r+1)

_8-4r (2-1)

T 8(r+1) T 2(1+r)
0+ o =90°
0=90—-a= cosh = sina
= €0s%0 = sina.

C(3-n*  4@+n?-@-ry
9?2 T AL+r)?

= A9—6r+r>)=9[4+8r+4r2+4r—r?
= 36— 24r + 4r2 = 108r + 27r2

= 23r2+132r-36=0

Q.33

= (r+6)(23r-6)=0

= I’—i
~ 23
r+6=0

©
x2+y2=1,C(0,0),r, =1
X2 +y2—2x—6y +6=0,C,(1,3),r,=2

CP 1

CP =2

O ismid point of PC,

P(-1, -3)

D.CT.

y +3=m(x+1) = mx-y+m-3=0

L Im-3]
\/m2+1

= m+1=m?+1=m?—-6m+9

m:§&m:oo

X=-1& 4 -3y-5

1.1+2.0 3.1+2.0 1
Q_ / = _11
3 3 3

/ (11 3) C2

P(-1, -3)

TCT.

1
ienlerd

= 3MXx-3y+3-m=0
[3-m]|

1= ——
Vom? +9

= IM+9=m?-6m+9
= 8m2+6m=0



Q.34

Q.35

3
m=0,m=— 2

y=1& 3x+4y—-5=0

(A)

Common chord of given circle

2Xx+3y—-1=0

family of circle passing through point of intersection

of given circle

(P+y?+2x+3y -5 +A(x2+y2-4) =0

A+D)x2+(A+1Dy?+2x+3y— (4L +5) =0

N 3 (41 +5)
v+l a1y T a+1 T

A
B
1 -3
centre | =531 200+ 1)

This centre lieson AB

5) oz
2 "n+1) P3l204p) —170

—4-9-2L-2=0
=2r=-15
= A =-15/2

X2 +y?+

2 2
—132)( —BTV +2x+3y+25=0

= 13(x2+y?) —4x -6y —-50=0

(B)
(X2+y?—6x—4y—12) + M(4x +3y—-6) =0
Thisis family of circle passing through points of in-

tersection of circle

Circle
xX2+y2—6x—4y—-12=0andlinedx +3y-6=0
other family will cut thisfamily at A & B.

Hence locus of centre of circle of other family is this
common chord 4x + 3y —6=0

Q.36 (A)
Let required equation of circleisx? + y? + 2gx + 2gx
+2fy+c=0

it cuts the circle x2 + y2 — 9 = 0 orthogonally

~ 29(0) +2f(0)=c-9=c=9

It dso touches Sraight line /x + my + n=0
L(-g)+m(-f)+n

V2 +m? =g Hf* -0

Locus of centre (-g, —f) is (/x + my + n)?
= (X +y*=9) (2 + )
JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
Q.1 (A,D)

4C+3C-12
5

Q.2 (B, C)

Let equation of required circle is

X2+y?+2g9x +2fy+c=0

it passes through (1, —2) & (3, —4)

29-4f+c=-5

6g—8f + c=-25

49— 8f + 2c =-10

6g—8f + c=-25

-2g+c=15

circletouches x-axisg?=¢ = ¢*—29—-15=0

g=5-3

g=5 ¢=25f=10=>x2+y?+10x +20y +25=0

g=-3,c=9,f=2 =>x2+y?-6x+4y+9=0
Q.3 (A, D)

Now

(r=3)2+(r+6)2=r?

rP—18r+45=0

=r=315

‘=C = C=16

\(3. -6)

(r.-r)

Hence circle
(xX=3)2+(y+3y =2
xX?+y?—6x+6y+9=0

(x = 15)%2 + (y + 15)% = (15)2

= x2+y2—-30x +30y +225=0
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Circle

Q.4

Q5

Q.6

Q.7

56

(A,D) origin
Two fixed pts. are point of intersection of Equation of tangent at A
X2+y2-2x-2=0& y=0 X +4dy =2
Point x2—2x—-2=0 Applying p=r
—1)2-3=
(x-17-3=0 9+16-
= x-1= 3, x-1= /3 — =3

(1+4/3, 0) (1-4/3, 0)
(CD)

y
r=22+3% -4 =3=CP=5 "
|2a+9+8| I

Ja2+o 7°

< > X
la+17|=5+4a% +9 o, O)lO
1 = 25 - =15
= A =40 or 10
C Required tangent is 3x + 4y = 40

Normal to the circle which is forthest from the origin
is, straight line perpendicular to OA passing through

[~ 5 > the centre
/ n 3+ 4y-25=0

A

e Q.8 (A,B,C)
v (x=3)2+(y-a?=a-8
422 + 289 + 68a = 2582 + 225 Equation of director circle (x —3)2 + (y — a)? = 2(&2
2122 —68a—64 = 0 -9
passes (0, 0), 9+ a&=22£-16
S_@ 2=25 = a=-5,5
-7 = S:(x=3)2+(y-52=17
- OR
S|=3
= [9 (x=3)2+ (y +5)2=17
(B, C)
(x—r2+y2=r? B
= X2+y2_2xr=0 <

8 tangent at (X4, y;)
XXy +Yyy; =1 (X+X;)=0
(X, =N x+yy,—rx; =0

O
r-Xy r-x (0.0) Niva .
= = — 17 A
slope m; y y
(B) areaof [JOACB =17
5 chord of contact AB : -3(x+0)x5y)+17=0
F=x_ 2xr-2x 3x T 5y=17 |
y 2xy Q9 (BO
*.* Pair of tangents are perpendicular to each other
%2 4+ y2 _2x2 y2 _x2 .. PA=radius=5
2xy T2xy 5
© AM:PAsm45°:ﬁ
(A,C)

Point A is on the circle which is farthest from the



-, length of AB = 5+/2

1
area of quadrilateral = 2 x area of APAC =2 x E x5

x5=25

Circumcircle of APAB will circlewith PC as diameter

length of PC = 5\/5

5
. radius= ﬁ Ans. ]

Q.10 (AQ
S, =x2+y2+6x=0
= C(3,0),r,=3
S,=x2+y2-2x=0
= C,(L,0),r,=1
CC,=4 rt+r,=4
CiC,=r +1, (A)
S, & S, touch each other externally

PC]_ 3
PC, ~ 1

(-3)1-(1)3
PO (?loj =P(3,0)

OP=3,0C,=1,C,P=2

1
INAC,NP = Ezsin6:> 0 = 30°

%—tan’soo
oP

3
= OA="73 = OA=.3

Q.11

Q.12

Circle

1
Areaof APAB= > ABxOP

1
=5 x243x3=33(0)

(C,D)

Let circle

x2+y2+2gx +2fy+c=0
passing (0, 0) & (1, 0)

(1, 0) /(3,0)

1
C=01+29=0= g=—5
Circle will be
X2 +y?—x+2fy=0

1 o1
(E,_fj'rlz f +Z

touches internally
x2+y2=9,(0,0),r,=3

2
1T.r ‘3 k2,1
2 4

{ 3> [f2 +l
\} 4

4 27 "%
= f2=2= f=+ 2

1
Centres are (5 A2 J

(B,C,D)
S, =x?+y?—4x—6y-12=0
=C;(23),r=5
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Circle

Q.13

Q.14

Q.15

58

y
1 .~ \‘51
T .16
T ¢ ) Q
----- ed %(23)
AL . P NP X
c, QL %
° R bl TN P
(-3,-2) 1T
S,=x?+y2+6x+4y—-12=0
C,(-3,-2),r=5
L=x+y=0
5-5,=0
—10x—10y =0
=>x+y=0
(A) Origin inside both cirlce Q.17
(B) L is common chord Q.18
(C) L isradical Axis Q.19
— 5 — —
C,C,LL
(A,B,C)
Centreof S, =(5,0) andradius r, =3

Centreof S,=(0,5) andradius r, =3

and Centreof S;=(0,-5) andradius r;=3

Radical centreof S;, S, and S; will be (O,

0)
Length of tangent from (0, 0) upon S, or S,

or 83 4

. Equation of S will be = x2+y?=16and

radius = 4.

(A,B,C,D)

Equation of required circle is S+ AS =0,

where S=x?2+y2+3x+7y+2k—-5=0 and S'=x?

+y2+2x+2y —k?=0.

As, it passesthrough (1, 1)

—(7+2k)
(6-k?)

If 7+ 2k = 0, it becomes second circle.
Itistruefor all valuesof k. Ans.]

So, thevalueof A=

(A, D)
Two fixed pts. are point of intersection of
X2+y2-2x-2=0& y=0

Point x2—-2x —-2=0
(x—1)2-3=0

— x-1= 3, x-1= _3
(1++/3, 0) (1-+3, 0)

(B,C)
C:xX2+y?+2gx+2fy+c=0
2(9,9, +f1f) =C, + G,
20+0)=C-4 >C=4
aso2x—-2y+9=0

2(-g)-2(-f)+9=0
2f—2g 9
B X2 +y2+2g9x +(2g-9)y+4=0
(X*+y?—9y +4) +2g(x +y) =0
X2+y2—9y+4=0andx+y=0
X2+X2+OX+4=0=>2x°+9x%+4=0 =
-1
2x+1) (x+4)=0 :>x:7,—4.
(-1
Point | — ,(—=4,4). Ans]
2 2
Comprehenssion # 1 (Q. No. 17 to 19)
(D)
(A)
©
= -t
\/_
J5

0=

i

4
ZAOB =90°

Hence 'O’ lies on the director circleof S=0.
equation of the director circle is



(i)
(i)
(iii)

Q.20
Q.21
Q.22

2
(X=2)2+(y+1)?= (%\/E] =5

X2 +y2 —4x + 2y = 0 Ans.(ii)

Equation of the other tangent OB = x —3y =0 Ans.(i)
Let the required circle, is

X2 +y2+(x+y)=0

N | ol

Also, S=0is, (x=2)2+ (y + 1)2=

.

W23
w272

Ay

00

A A 5
Clearly, 2| —=(-2)+—=1)|=0+—= -2\ +
. 2| 2 (-2 5 (0]-0+2 =
}\‘_§ 7\‘___5 2 2 5_X 5__0
T2 Ty T Ty T T
o ragive < 22425 _ [0 _ 52
> T V16 16 T V16 T 4
Ans.(iii)]

Comprehenssion # 2 (Q. No. 20 to 22)
(©)
(B)
(A)
Given 412-5m?+6l+1=0
(ILbmeR)
= (3l + 1)?2 =502 + m?)

NEEETIS

VIZ +m?

(1)
(i)

(iii)

Circle

So, clearly theline Ix+my+1=0
is tangent to afired cirlcle S=0

ie, (Xx=3)?+(y—-0)2= (\/5)2 , Whose centre

is(3,0) and r=+/5
= Circle isx2+y2—6x+4=0
Any pointonline x+y—-1=0is (t,1-t), te R.
The equation of chord of contact for the circle
(D) wrt. (t,1-t) is
tx+(1-t)y-3(t+x)+4=0
i.e tx—-y—-3)+(3x+y+4)=0, which

1-5
passes through E ,7
Asline x -2y +c=0 intersects the circle S
orthogonally so the line must passes through centre

of circle S.

Alternative :

Q.23
Q.24
Q.25

= 3-20)+c=0 = c=-3 Ans.
Let the required equation of circle S be
x2+y2+2gx+2fy+c=0 ... (1)
Asline
IX+my+1=0 ... (2)
is tangent to circle (1), so
—gl —mf +1
| g - - |: g2_+_.I:2_C
VI“+m
= (@+m-12=(2+m)@+f2-0)

= (c—=f92+ (c—gd) m?*—2g-1 = 2f - m+ 2gf
-Im+1=0

But, we aregiven
42-5m?+6l+1=0

On comparing (3) and (4), we get

c-f? c-g? -29 -2f 2fg
4 -5 6 0 0
g=-3,f=0, c=-5+¢g?=4

The equation of fixed circles x2+y2—6x +
4=0 ]

=
=

Comprehenssion # 3 (Q. No. 23 to 25)
(D)
(D)
(D)
Given f (x,y) =0iscircle. Asf (0, y) has equal roots
hencef (x, y) = 0 touchesthey-axisand asf (x,0) =0
has two distinct real roots hence f (X, y) = 0 cuts the
x-axis in two distinct points. Hence f (x, y) = 0 will
be as shown
now, giveng (X, y) =x2+y2—5x—4y +c

5 25
= = 2. iUS= +|— —
centre ( > j : radius = , / 1 +4-c
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Circle

Notethat radiusof g (x, y) =twicetheradiusof f (x,
y)=0

(@

(b)

60

N ol

but asit is clear from the adjacent figurer =

Q
B
radiusof g (x,y) =5
h §+4—C—25 .
ence 4 = = cC=— 4
equation of g (x, y) is
2+y2—5x—4 2—0
X=+ys—5x -4y — 4 -
equation of f(x,y)=0
2
5 2 25
X=——| +ly-2) =—
( 2} -2 =7
2
y=0, x—§ :§—4:9
2 4 4
X—§=§ or—§bx=4orx=1
2 2
opse L rense D
Areao AQAB—2><5><5— >
0=t —1§
= tan 4
3
2(4) [24J
20 = tan™! =tanl| 5
9 7
1_7
16

Areaof region inside f(x, y) = 0 above the x-axisis

Q.26

2
1(5 (24 1
x—axiszz(z) (Zn—tan l(7)] +§ x3x2

y
f(x,y)=0
5/2 (5/2, 2)

0
L—— @0

25 [ 24
a2 2n—tanY =2
~3* g [ [7JJ

y X=6

N

\ le2)

62622 sy |

NT

(c) Points satisfying the conditions are
(1,5) (1,6),(2,5),(2,6) (3,5), (3,6)
(4, 5), (4, 6), (5, 4), (5,5), (5, 6).
(A) — (a), (B) = (p),

(D) —> (9

(A) S,—S,=0istherequired common chordi.e 2x =
a

X

X
(1512, 2)

© -,

2
X
Make homogeneous, we get x2 + y? — 8.4 a_2 =0

As pair of lines substending angle of 90° at origin
.. coefficient of x2? + coefficient of y2=10
sa=+4

(B) y=22,/3 (x—1) passesthrough centre (1, 0) of

circle
(C) Threelines are parallel

a@

(D) 2(r, +r) =4



Q.27

(A) = (p.ar.s) (B) > (p.arst) (C) — (r9)
(A) Distance from centre (0, 10) to the line (y — mx
= 0)

10

= ———— >radius
(1+m?)

Circle

(C)C,(1,2),r, =5 andC,(0,4),r,=2,/5

distance between centresC, and C, =d = /5

Ir,—r,|=d

number of common tangentsis 1
(D)C,(-1,4),r,=2 andC,(3,1),r,=2

distance between centres C, and C, =d =5

d>r +r,

= number of direct common tangents is 2

NUMERICAL VALUE BASED

= 1oorL2\/ﬁ Q.1

(1+m?)

:>\/EZV1+m2

=>nm?<9

S =3<m<3

Then0<|m|<3

S m=0,1,23(p,q, 1,9

(B) Distance from the centre (2, 4) to the line

_|6-16-5k|

(3x—4y -5k =0) = <radius=5

— |10+ 5k| < 25
—0<2+k|<5 Q-2

L 2+Kkl=0,1,23,4,5(p, 0,1, S 1)

Q.28

(C) The given circles will cut orthogoally, if

1 P
25| (HB+2|5]P@=-T+1

= -5p+p*=-6
=>p’-5p+6=0
=>(@P-2(p-3)=0

L p=23(9

(A) —> (), (B) — (s),

€ - (), (D) - (9)

(A) C, (1, 0), rr=1and C,(-3,3), Q3
r,=4

distance between centres C_ and C,=d =5
d=r +r,=5 = 3 common tangents
(B) C,(2,5),r,=5and C, (3,6),r,=10

distance between centres C, and C,=d = /2

d<ir,—r,)
= no common tangent

(1)
Let equation of circleis (x — /2 )*+ (y — J3)=r3
(x,, Y, & (x,, y,) areinteger points on circle
(X, = V2 P+ (V= 3025~ {2 )+ (Y,— +/3)?
=r?
(,=%) (G +X, =22) +(Y,=Y) (Y, +Y,-24/3)
=0
(X22 - X12) + (y22 - y12) = 2\/§ (yz - yl) + 2\/5 (X2 -
X,) A= 3B+ /2C
ThereforeA=B=C=0

X, =X, &Y, =Y,
So, no distinct points are possible.
(49)
x2+y2-5x+2y-5=0

2
5 25
X——= 2_5_ "~ _1=
= ( 2} +(y+1)?-5 2 1=0

5’ 49
= X——j +(y+1)2= =
[ o) D=

5
= So the axes are shifted to (—, —1j

2
. . 49
New equation of circle must be x? + y? = v
(4)
Four circles

{one incircle & three excircles}
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Circle A ——

c=3
Q4 (2
B(0,b
¢ (-1’,0) c=1
O Al(a, 0)

Equation of circum circle of triangle OAB x2 + y? Hence c = -1 isAnswer.
_ax_by:O_ Q.8 (8)

Equation of tangent at origin ax + by = 0.

(0, 243)

|a® | |b? |
9= Va? +b? and d, = va® +b?
= d,+ d, = a2 +p? = diameter

Q5 (8 1
=4 |=.2.243
X2+y2—4X+3:O Areaof ABCD =4 2 \/— .

Jx? +y? represents distance of p from origin Q9  (16)
Hence M = 32 + 02 C,C,= 480

1 1 14
A = —x4x8 = —x4/80x—
rea=s 2 2

P(xy)
,_ 64 _16
(3,0) V80 45

(0,0)](1.0) (2,0)
Q.10 (75)

Givencirclex?+y?—-2x—-4y—-20=0
Tangents at B(1, 7) is

M=1%+0? X+7y—-(x+1)-2(y+7)—20=0
M-m=8 5y-35=0=>y=7
Q.6 (13) B(1.7)
2

leon )\ (16,7)
] () C
-2 ~1.0]©.0 [(1.0)] 5
0-1
toaf D(42)

el
aD(4,-2)
Ix -2y —(x+4)—-2(y-2)-20=0
Q7 (M) 3x — 4y = 20
—1-0+cC Hence ¢(16, 7)

T =2 >c-1=#2=c¢=-1,3 AreaofqgadrilateralABCD:ABxBC:5><15:75
square units.

But ¢ = -1 common point is one Q.11 (0)

¢ = 3 common point is infinite LetS : x2+y?+2ax+cy+a=0

*

S, X*+y’=3ax+dy—-1=0
commonchordS —S,=0=5ax +y(c—d) + (a+ 1)
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Q.12

=0
givenlineisb5x + by —a=0
both S5a c-d a+l
compareboth — = — = = — -
_c-d_ 1
= &= "p T a

@ () (i)
From (i) & (ii)a@+a+1=0
= a=m,o’norea a

(15)
areaABCD =900,/2 s0. units

ON =ND = NA = a(let)
area AOAD = &

OD=OA= .7 a
OP = pa-a

=a(,/2 - 1) =radius

V2a

OM =ON —2r
=a-2a(,2 -1)=aB8-2,2)
area AOBC = (OH)2 = & (3-2./2 )2
@2-a(3-2,2)=9002

= &[1-(3-2,72)%=9002

. 90042
= &= 3 202 (1-3+242)
. 90042
7T 22(V2 - 1242 - 1)
225 15

MR

= a2 -1)=15=r

Q.13

Q.14

(10)
y=x+10
y=X-6
10+6 16

2h=87

<

O

(0,0)B

h=43

1 distance equal toh =4/ from (4,/2, k)

4\/_=|4\/§-|<+10|
V12 +12

{geometrically k < 10}
8=4,2 —k+10
k=10-8+4,2
k=2+42
h+k=2+82
h+k=2+82

=a+b.,>

a+b=10

(400)

BD=r,

AC=r,

r,—r,=10

= (r,)% -2r;r,=100
= 2rr, = 400-100

a=2,b=8

Circle

= 8=|442 - k+10|
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Circle

rip 300 _ :
> T a4 =75 sg. units

Q.15 (19)

4 4aMA6 /[ 4 10

r,=14
InAO;MP
oM =6

PM = 142 _62 = 4160 =410

PQ = 2PM

_8J10 _mn

1 T p

= m+n+p=8+10+1=19
KVPY
PREVIOUS YEAR'S
Q1 (A

= 22
sn =

2\/5@

AD=2sn60°= T:

d=1+AD+1
d=2+ /3

64

Q.2

Q.3

Q4

Q.5

Q.6

(A)
0 \13 12
\

— 2n(5) = 13 0

Slant height = 13

Say the radius of smaller circleis x
Here OP = x cosec 30°
while OQ =r = x + x cosec 30°

X =

(A)
We want to find here angle between minute hand and
hour hand at 6 : 15

0

Hour hand covers 30° in 60 minute.

Then in 15 minute it covers = 7.5°

So angle between both hand at 6 : 15is90° + 7.5 =
97.5° Another angle is 360° - 97.5° = 262.5°
Hence difference is 262.5° - 97.5° = 165°
(3)

(X=3)+(y—-pP=9-17+p?

Director circle is
(X=3+(y-p?=2(*-8)

Passes through (0, 0)

9+p?=2p?-16

p’=25= p=+5>p|=5

(B)

2Jg°-c=a
2f2—c=b

!
3




Polar coordinates of centre of circle be (rcost, rsind)

2_b2
g=-rcosO and @g*>-f2= a 2
Q.7 (B)
T T
0=—x15=2r—-—— x15
3_,.5
"8 " n
=n=24
Q8 (C)
ZBCH =45°= /BCA,
ZCCA =2C B A =90°
Q9 ©
4
InARCP:cose=g
3
In APCO = cos0 = ?
Q.10 (B)

Circle

Required area=

2 360°

_TE T \/é _\/é s
"8 (6 4) 4 24

Q.11 (C)

A_10-x

S

AR=PR=10-x

PQ =10 - 2x
AB=CD =10
CD=CS+SD=y+SD
=y+3SP+PQ
10=y+y+10-2x
=>y=X

Now RS=SP+ PQ+ QR
=y+10-2x +X
=10+y-x=10

(B)

X2+y2:1

Q.12

1 2
)2

2t 2
5 s

.‘(Ll+

y=1 X=

|

t2+1
t2—1)
1+t2 1241

Q.|' 2t

X

1<t<1++/2 t=tan 6 Q (sin 26, —cos?20)

10
96(450’67Ej lieson circle C
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Circle

Q.13

66

%

/ /410
NI

so angle at centre:%

(D)

tand =242

_ 2tan6/2
1-tan’0/2

tano

2tan6/2
N2=—"
\/_ 1-tan®0/2

J2tan?0/2+tan0-+2=0

_1+./1+8
272

tan0/2=

InAOPQsnS - = 1___
2 ON+r 4+,

\/§r1+r1+r2 :\/§r2
rl(«/§+1): rz(«/ﬁ—l)

J3+1 «/C_3+12
J3-1 :¥:2+*@

e |Nﬂ

NN

Q.14

Q.15

(D)

D Area(C) = nr)? + mr? +mr,? + mr? + .00
i-0

\/E r‘n—l

C

n-1

2
2 2
r'n :_rn—l
T
2
sorZ==r2r7 ==r?
T T

"0

ﬂ
NP N R

Let O be centre of circle.
OM =radius=r

1 2
arr=(1-n%+ (EJ
5

1
= 2A-1=— = 2r==
4 4



Q.17

Q.18

Q.19
Q.20
Chose AB subtend 90° at centre.
so that AB subtend 45° at O(circumference of circle)
(B)
Spherex? +y?+ 22 —4x —6x—12z+48=0
Centre (2, 3, 6)
radius = /4+9+36-48=1
distance between centreand origin = \/4+9+36 =7
shortest distance = 7 — 1 = 6(Origin lies outside the
sphere)
(B)
Q.21

From the figure

sinezi& sina =}
2r r

3 x (20) + (20) x 3 = 360°
0+ o = 60°

1
Now, cos(6 + a) = 5

. . 1
— €0s0.coso. —Sn6.sno = E

=Jarr—1 P —1-1=12

= (4r’=1) (r*—1) = (r*+ 1)
= 4*=5r +1=r* + 2r+1
= 3r* =7r?

Circle

(A)

cirdeisx?+y?=1

Asy isretional so

2

b2_a2:p
Vool

evenodd odd

b?*=a®+p’

=(2k+1)?2 + (20 + 1)

=4k?+ 4k +1+402+ 40+ 1

b?=4(k? + A%+ k + ) + 2 impossible
asL.H.Sismultiple of 4 but R.H.Sis not multiple of
4

©
Let two circles are
X2+y?=4& (X—Z\/§)2+y2 =4

. equation of common chord isx =./3

A3,

G G
B

. A(3,2),B(3,-1)
So AACIB = 60°

AB=2 & MC,=+3
Required area = 2[area of sector C AB —ar AC AB]

1 2 T 1
= 2| x22x L _Zx2x+3
[ZX ><3 2>< x«f}

=.723
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Circle

Q.22

Q.23

Q.24

68

(A)

BM=AM=1

AA,=1
1

AN=AN= 2

Letradiusof C isr,
Letradiusof C,isr,

1
PM = 2-1, QN = \[iF -

. AQNB ~ APMB

1
4 BN 7/2

JriE-1 “BM 1

= 4rZ=49r7-48 .. (i)
Also, in AQNB
BQ? = BN2 + NQ?

2
ry —

=Y

49
Groen)= v -5
2 -
= +nrn,=3

Solve (i) & (ii)

\F /30 3J30
r=,=-—=—"8& rh=——
! 5 5 10
(A)

Required equation of circle
(x—h)+ (y —h)2=1?

Both circle touch internally
C1(:2 = |r1 - I‘2|

Jh? +h? =1

Solvethish = /2 -1

Arean(2 —1)? = n(3-242)

(D)
Let@Z=m& b*=Nthenm>0andN >0
Now given conditionisM + N>1and M2+ N2< 1

Q.25

Q.26

0.1
(MN)

19
/\

(MN) liesinddecirclex? + y?< 1 and abovelinex +y >
1

= (M,N) liesin shaded region and number of points
in shaded region are infinite, so number of pair (a,b)
are also infinite.

(D)

C
Q—|/~9@ T
of ©)

(3)@ Y,

| ~—

(B)

5
/ Xz+y2:r2

ol Ve

O(0, 0)

M,
I coso, rsin 3\ PC
Q(h, K) N
Equation of tangentat M, x cos6 +y sn@ =r
put X =r, to get y-coordinate of point P.
rcoso+ysno=r

1(1-cosb) 0
snd 2sin—.cos—
Pz(r, rtangj
2
Q hasy - coodinate same as point P
=i ® n?_ K
—riansg =T

Slope of tangentat M = —cot 0

K
Slope of OQ = m



5,(—cot6):—1 = tanez5
h h

2tan9 2.E

2 K r K

- o h . K h
1-tan®— 1-5
2 r?

= y2=r2-2Kr
y2=2r (x—r1/2)
Parabola

Q.27 (A)
tan 6 = dlope of FE =3

VZ S
E(r,r)

0.0A B@r0)

=0

30059:% :>sin(90°—9):%
Q.28 (B)
yA
12
e
1 \yl ”x
—1/2

Q.29

Q.30

Circle

(B)
BC=+x?>-1,AD=+yx*-9

C D

by Ptolemy's theorem
AB.CD+AC.BD=AD.BC

— 2X+3=x2-9+x?-1

= 2+ 12x+9=x4-10x2+ 9

= x4-14x2-12x=0= x3-14x-12=0
Let f(x) =x3—14x — 12
= f'(x)=3x?-14

- 14
positive root e (O, \/;]

f(4,1) <0andf(4,2) >0
(A)

= f(x) hasonly one

= X e (4.1,4.2)

Hence

Q.31 (D)

Let O be the centre of the circle
InAOAB

AB= orandr=1
=AB= /2
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Circle

Q.32 (D)

AE=BE=CE=DE

/DAB, ZABC, /BCD —» AP

Let <«DAB=a

/ABC=a+d

/BCD=a+2d

Since AE = BE = CE = DE so ABCD is cyclic

quadrilateral

Hence #DAB + ~DCB = 180°

2a+2d=180°= a+d=90°

so median of {a, a+d,a+ 2d} isa+d=90°
Q.33 (D)

JEE MIAN
PREVIOUS YEAR’'S
Q.1 56.25
Internal point which divide (5,0) & (-5,0) intheratio

-5
3:1is (?, 0] External point which divide (5,0) &

(-5,0) in the ratio 3 : 1is (-10,0)
-5 15
=|—+10| = = =
2r ( > j 5 75

(2r)? = 56.25

Q.2 41.568
Let O bemid-point of AD, now perpendicular from C to
BC bisectschord BC, (AACE and AABE arecongruent).
Hence AD is diameter and O is centre of circle.

B

| 5
DIEETE5 0 A

C
So BE = /(6.5)% — (5.5)?
:@

1
Hencce are = > 122 12 =24 /3

70

Q.3

Q.4

Q.5

(2)

Y4
A3,2)

Q(h,k)
ks

N

.. P=(2h-3, 2k—2)—on circle

(h—gj2+(|<—1)2=%1

= radius =

(3)

y

N

A(1,4)

P(1+co®,1+sinB)

B(1-5)

.. PA2=c0s?0+(sin6—3)?=10-6sin6
PB2=c0s%0+(sin6—6)?=37-12sin6

PA2+PB?=47-18 sin0| = 0=

3n

2

.. PABlieonalinex=1

(3)

distance between (1, 3) and (2, 1) is /5

(VB

=r=3

2
N

+(2)P =12



r
OD=r cos60°= E

. 3r
Height=AD = —
2

3"
Now sin 60° =—2.
AB

=AB= \/ér
(1)
4 y-axis
D(O.1) C(L1)
D
(r,r
O
(0.0)A X—gxis
E B(1,0)
v

HereAO+OD =1or (\/§+1) r=1

=>r=,2-1

equation of circle (x —r)?+ +(y —r)y>=r?
Equation of CE

y-1=m(x-1)

mx-y+1-M=0

It is tangent to circle

mr—-r+1-m
Jm?+1

[(m-Dr+1-m|

=r

‘ \/m2+1 ‘:r

(m-1)%(r-1* _ 2
m?+1

Put r:\/z_l

Onsolvingm=2-./2,2+ /2

Q.8

Q.9

Circle

Taking greater slope of CE as

2+\/§

y-1=@2+2)(x-1
Put y=0

-1=(2+/3) (x-1)

-1 x(z_\/g]—x—l
2443 (2-3)

Xx-1= /2 -1
EB=1-x=1-(,/2-1)

EB=2-./2
©)
X2+y2+ax+2ay+c=0

2
2\g°-c=2 %—0:2\/5

2

:»aZ—CZZ (1)
2Jf?—c=2Ja2—c=25
—a-c=5 .2
D& (2

2

%=3:>a:—2(a<0)
Lc=—-1

Circle=>x2+y2—2x—4y—-1=0
=>X-1)2+(y—-22=6
1

Givenx+2y:0:>m:—§
mtangent:2

Equation of tangent
= (-2 =2x-1)=*61+4
=2X—y+ \/% =0

+/30|
Ta Y

Perpendicular distance from (0, 0) =

1)

2xX-y+1=0

A(2, 5)
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Circle

Q.10

Q.11

Q.12

72

h_(h;4)
N

h=8
center (8, 2)

Radius= /8 2)2 (2 5?7 3J5)

@

r,=3,¢, (559
r,=3,¢,(8 5
cC=3r=3r,=3
(1)

GivenC(5,5),r,=3and C, (12,5),r,=3

Now, C.C,>r +r,
Thus, (PP)min=7-6=1

2

tanB:E

5
PA:cotg
2

1 1 0
.. areaof APAB = E (PA)sin® E cotZE sino

1(1+cosej .
= = sin@
2\1-cos0
1.5
17713 sz 118 2 27
= — —_ = ——— X — = —
2|15 |\13 218 13 26
13
fACAB—1 ' 9—1(12] 6
aeao 297 o\12) 1z

Q.13

Q.14

Q.15

Q.16

areaof APAB _9 Option (2
" areaof ACAB 4 P

©)
Tangent to circle 3x + 4y = 25

&
0= | RQ
) 15

12

P
(|
O T
25
(—3' °)

OP+0Q+ OR=25

5 25 25 2
Incentre =14 3 4 3

25 25
(22)
12712
2
. rzzz[gj _ 2X625_625

144 72
(3)

X2+y2—10x—10y +41=0

A(55),R, =3
X2 +y2—22x .10y + 137=0
B(1L5), R, =3

AB=6=R +R,

Touch each other externally

= circles have only one meeting point.
(2)

M : x2+y?2=1(0,0)
N:x2+y?2—2x=0(1,0)
O:x2+y?2—2x—-2y+1=0(11)
P:x2+y?—=2y=0(0,1)

M(0,0) L N(LO
[ L
1 1
pQd Mo
(0,1) L (L1
(3)
=3

S ix2+y2=9
Y INA, 0)
=1
/rz
. —2)2 2= 1
S,i(x=2)*+y \B(2,0)

Qcg,=r,—r,



ON
(4

S,

.. given circle are touching internally

Let averiable circle with centre P and radius r
=PA=r —-randPB=r,+r
=>PA+PB=r +1,

=>PA+PB=4(>AB)

= Locusof Pisan ellipse with foci at A(0, 0) and B(2,

0) and length of major axisis 2a= 4,e:%

= centreisat (1,0)andb*>=a(1-¢€?) =3
if x-ellipse

S

A®0,0) (1,00 B2,0)/ x

Q.17 (4)
Q.18 (3)
Q.19 (4)
Q.20 (3)
Q21 (2
Q.22 (3)
Q.23 (3)
Q.24 (3)
Q.25 (18)
Q.26  [165]
Q.27 (1)
Q.28 (4)
Q.29 [30]
Q.30 (1)
Q.31 [13]

JEE-ADVANCED
PREVIOUS YEAR'S
Q1 (D)
Let equation of circle is
X2+y2+2gx+2fy+c=0
asit passesthrough (-1,0) & (0,2)
1-2g+c=0
alsof2=c¢

5
= f=-2, c=4;g=§

and 4+4f+c=0

Q.2

Q.3

Circle

equation of circleis x> +y?+5x —4y + 4 =0
which passes through (-4, 0)

(2)
2Xx—-3y=1x2+y?<6

~[-2)E6-H6)
al\2'a) 4 4)\8 4
M (Iy () (V)

Plot the two curves

x2+y2=6 //\

/‘b\\
(o) O y(m

[, 11, IV will lieinside the circle and point (I, 111, 1V)
will lie on the P region

if (0, 0) and the given point will lie opposite to the
line2x-3y—-1=0

, 3y 11
P(0, 0) = negative, P(Z, Zj = positive, P [4: 4]

11
= positive P (g Z] = negative

5 3
P (E’ Zj = positive, but it will not lie in the given
circle

(23 )
SO point "4 and 2’ 2 will lie on the opp

side of the line
(o3 1.1
so two point ' and R

3 1 1
Further Z’Z and | 7+~ | setisfy S, <0

(A)
Circlex?2+y?2=9; line 4x — 5y = 20,
i 4t - 20
Pl 75
equation of chord AB whose mid pointisM (h, k)
T=S
= hx+ky=h2+k®> ... D

equation of chord of contact AB with respect to P
T=0
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Circle

Q.4
Q5

74

4t - 20
:>tx+( 5 jyzg ........ 2
comparing equation (1) and (2)

h 5k

h_ _h?4Kk?
t 4t—20 9

4x — by =20

on solving
45k = 36h — 20h? — 20k?
= Locusis20(x? +y?) —36 x+ 45y =0

Comprehension #1 (Q. No.4 & 5)
(D)
(A)

Equation of tangent at (\/5 , 1)

= \/§x+y =4

2
1

>
Q %B(a, G)
/

B dividesC, C,in 2: 1 externaly

. B(6, 0)

Hence let equation of common tangent is
y—0=m(x —6)

=>mx-y—-6m=0

length of L' dropped from center (0, 0) = radius

So5

Q.6

Q.7

Q.8

6m
=2
1+m?
1
=>m=z= 2\/5

. equationisx+ 2,/py=6 or x—2,/2y=6

Equation of L is

X — y\/§ +c=0
length of perpendicular dropped from centre =
radius of circle

3+C

o =1 =>C=-1-5
LXx=43y=1 orx—.3y=5
(AC)
Let x2+y2+2gx +2fy+¢c=0
> g -c=0=>¢’=c (i)
22 —c =247 = f2—c=7..(ii)
9+0+6g+0+c=0 =9+6g+0g°=0
= (g+3)?%=0
g:_3 ..c=9
f2=16 =f=x4

LX2+y?—6x+8y+9=0

(BC)

Let the cirlce be
X2+y?+2g9x+2fy+c=0 ..(1)
given circles
X2+y?2—-2x-15=0 (2
xX2+y?—-1=0 ..(3)
(1) & (2) are orthogonal

c-15
2

= —g+0:

c-1
2
= c=1&9g=7
so the cirle is
X2+y2+14x + 2fy + 1 =0 it passes thrgouh
(0,)=>0+1+0+2f+1=0
f=-1

X2 Hy2+ 1A —2y +1=0

Centre (-7, 1)

radius=7

0+0=

(AC)
Eq"of tangent from Q (1, K) is
y—k=m(x—-1)



"2 = @2 (P + 1)
(K—m2=ne+1
k?-1
m=
2k
Q1L k)
E(h, K)
S(1,0)
R(-1, 0) O
So, Eq of QP i k2_1x—y+k2+1—0
(Earof QPis — 2k

C(1-K* 2K
Hence, Pis 1+ K2 1+ K2

So, Eqrof OP i —2—kX
, EqQno isyY 1-12

JE(h,K)
So, locus of Eis 1—-y* —2x=0
Hence, (a, ¢)

Q9 (2

Case-l Passing through origin=p=0

y

r 3

O

Case-11 Touches y-axis and cuts x-axis

Q.10

Circle

»
>

O\_/

f2—c=0& g*-c>0
4+p=0

p = —4 Not possible
Case-l11 Touches x-axis and cuts y-axis

1+p>0

y

r 3

O

f2—c>0& g*-c=0
4+p>0 1+p=0
So two value of p are possible

Comprehenssion # 1 (Q. No. 10 to 14)
(A)

I\
[ \

( 2,0)\ / (2,0)
| F

Co-ordinates of E, and E, are obtained by solvingy =
landx?+y?=4

c(a1) o E.(5.3

Co-ordinates of F, and F, are obtained by solving
x=1land x2+y?2=4

F,(L+3) and F,(1-+3)
Tangentat E,: —/3x+y=4

Tangentat E,: /3x+y=4
E0, 4)

Tangentat F, : x+xf3y=4

Tangentat F,: x — /3y =4
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Circle

Q.11

Q.12

Q.13

76

F.(4, 0) Q.14
and similarly G,(2, 2)
(0,4), (4,0)and (2, 2) liesonx +y =4

(D)

N~

/wﬂ 0)
NV

Tangent at P(2 cos 0, 2sin0) isxcos0 +ysin® =2
M(2 sec 6, 0) and N(O, 2 cosec 0)
Let midpoint be (h, k)

h = sec, k = coseco

i.}r_i—l
h? k? Q.15
1 1 Q.16
74‘?:1

i common tangent]
H (radical axis)

AP=AQ=AM

Locus of M isacricle having PQ as its diameter
Hence, E,: (x=2) (x +2) +(y—=7) (y +5) =0and x
# £2

Locus of B (midpoint)

isacircle having RC as its diameter

E,: xx-1)+(y-1)?=0

Now, after checking the options, we get (D)

(B)

3 -3m
L
R‘( 5 5 )
-1
So,m _§_3
5

=>m-5m+6=0 =>m=2,3

(10.00)

5
Distance of point A from given line = 5

(19

]

C
CA 2 AC 2

B = Ij EZI:ACZZXSZJ.O

Comprehenssion # 3 (Q. No. 15 to 16)

(1)
(4)

MC +CC,+CN=2r
=3+5+4=2r=6= Radiusof C,=6
Suppose centre of C, be (0 + 1, cos0, 0 +r,sin 0),

r,=CC,=3
tanezﬂ
3

9 12
C,= g5 ) =k =2n+k=6

Equation of ZW and XY is3x +4y—-9=0
(common chord of circleC, =0and C,=0)

C,
v lp

z\/w

6
ZW =2,/r* - p? :2;4;/6 (Wherer=6andp = E)

22 24 9
XY =21 —p; = (wherer, =3andp, = )

N
X\pl/Y




Q.17

Lengthof ZW
Lengthof XY = 6
Let length of perpendicular from M to ZW be A, =

L 0 2
5 5
1 1
Z(MN)x=(ZW
Areaof AMZN 2( )2( ):1MN:§
Areaof AZMW = Lo owen 2% 4
2

C.: [X_gj2+(y_2j2 -6 Q48
s |75 5

C :x+y*-9=0

common tangent to C, and C, is common chord of
C,andC,is3x +4y + 15=0.

Now 3x + 4y + 15 = 0 istangent to parabola x2 =
8ay.

-3x =15
X2 = 8a. 2 = 4xX? + 240X + 12000 =0
p0mas 0
=0=>a= 3

(2

Q__2x+4y=5
AR

=

M-]
J5 4
OA == OoC=—
2 J5
4 3
CQ=0C=—%and CA=—"_
5 2.5
0Q=+/OA? + AQ? :\/OAz +(cQ?-cA?)
5 16 9
PR R
=2=
M-I

PQ : hx+ky=r?

Circle

Given PQ 2X+4y =5
2 2 2
Lh k2t 40
2 4 5 5 5

ol 2*
5 5
r? 2r?
i +2y= = —+2|—1|=4
Clieson x+2y=4 5 {5]
=r=2

=r’=4

(B)

(1,-2)=(o,—0-1)
=a=1

one of the vectex isintersection of x-axisand x +y +
1=0=A(-10)

Let vertex B be (o, —a— 1)
LineACLIBH=a=1=B(1,-2)

Let vertex C be (B, 0)

LineAH L BC

My My = — 1

E.i:—lzﬁzo
2'B-1

2
Centroid of AABCis (Q—EJ

Now G (centroid) divides line joining circum centre
(O) and ortho centre (H) in theratio 1 : 2

=

(h, k) 1, 1)
=6 1 g 2 .'4
2h+1=0 2k+1=-z
:_l k:_§
2 2
. . (_1 _§j

= clrcum centre I1s 21 2

Equation of circum circle is (passing through C(0,0))
isxX?+y?+x+3y=0
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Parabola

| EXERCISES

ELEMENTRY

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

78

1)
Required locusis (3y)? = 4ax

= 9y? = 4ax

Y (x1,3y1)
P

(3)

S=(5,0) . Therefore, latus rectum =4a=20 .

(2)

Distance between focus and directrix is

_ ‘3—4— 2‘ _£
V2 | 2

Hence latus rectum — 3./2

(Since latus rectum is two times the distance between
focus and directrix).

(4)

a=4, =(0,0) vertex , focus =(0,—4)

3

Vertex =(2,0) = focusis (2+2,0) =(4,0).

3

The point (-3,2) will satisfy the equation y? = 4ax

4 4
__ da=-==2
=4=-12a, = 3" 3

(Taking positive sign).

(3)

x?=-8y=a=-2 So, focus =(0,-2)

Ends of latus rectum = (4,-2),(-4,-2) .

Trick : Since the ends of latus rectum lie on parabola,
so only points (-4,-2) and (4,-2) satisfy the
parabola.

(1)

Given equation is x? = —8ay.

Here A =2a

Focus of parabola (0,—A) i.e (O, - 28)

Directrixy =Ai.e,y=2a

(4)

8| |-12] 4
A= l—— -
Clearly; * =4 Vi1 V2

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

4
Length of latus rectum = 4a = 4XE =82

(1)
(x+1)?=4a(y+2)

1
Passes through (3, 6) =16=4a.8=>a= >

= (x+1)2=2(y+2) =>x%+2x-2y—-3=0

(4)

The parabola is (x—2)% = (3y-6) . Hence axis is
x-2=0.

(2)

Let any point on it be (X, y), then from definition of
parabola, we get

Squaring and after simplification, we get

V(X +8)% + (y+2)? 1

2Xx-y-9
NG

X% +4y? + 4xy +116x + 2y + 259 =0.
(3)
Vertex (0,4) ; focus(0,2); .. x=2

Hence parabolais (x—0)2 =-4.2(y —4)

i.e, x?+8y=32.

(2)

Parametric equationsof y? = 4ax are x =at?,y = 2at
Hence if equation is y2:8x , then parametric

equationsare x =2ty =4t.
(3)

Semi latus rectum is harmonic mean between
segments of focal chords of a parabola.

_ Zac

b

(2)
S =x*-108y=0

=a,b,caeinH.P
a+c

2
X1 |_
Tzxx1—2a(y+yl):0:>XX1—54{Y+ﬁ]—0
S, =y?-32x=0

2
y
szy2—2a(x+x2)=O:W2—16(X+3—§j20



Q.17

Q.18

Q.19

Q.20

Q.21

x84 _54
Y167y, ¥ =X =16r and ¥,=~"
—(6r)? o 9
O e
(36)°

.. Equation of common tangent
(y-12) :_H%fs(x+36) =2x+3y+36=0
Aliter : Using direct formula of common tangent

yb'® + xa® + (ab)?® =0, where a=8 and =27 .

Hence the required tangent is 3y +2x+36=0.
(3)

m=tan® . Thetangentto y? = 4ax isy=xtan0+c

a
Hence c=——=acot0
tan©®

.. The equation of tangent is y = xtan6+acotf.

(2
Equation of parabolais y2 _ 4x

5
X=X+—
where 2
. a
Tangent parallel to Y =2X +7 is Y =2X +E

5) 1
:y=2(x+zj+§:>y=2x+3

i.e, 2x-y+3=0.

(1)
m = tan 0 = tan60° = /3
The equation of tangent a (h,k) to y? =4ax is
yk =2a(x +h)
2a 2a
Comparing, weget M V3 K or NE
a
h=—
and 3

1)
Any pointon y? =4ax is (at?,2at) , then tangent is

2aty =2a(x +1t?) = yt=x-+at?

(1)
Normal at (h k) to the parabola y? =8x is

Q.22

Q.23

Q.24

Q.25

Q.26

Parabola

K
—k=——(x—h
y 4(x )

k
Gradient = tan60° = /3 = 27 k =-44/3 and
h=6
Hence required point is (6,—4+/3)
(3)

2a 2a/m( a]
= X — ——
m 2a 2

m
_é_—_l(x_ij
=Y mom 2
= m3y+m2x—2am2—a=0.

(4)
Let normal at (h k)be y=mx+c

then, k =mh + calso k? = 4a(h - a)

slope of tangent at (h, k) is m; then on differentiating
equation of parabola.
2a

K aso mm; =-1

2ym; =4a= My =

k
= m=—£, solving and replacing (h,k) by (x,v)

= y=m(x-a)-2am—-am°>.

(4)

2
Wehave 2 = _tl_t_
1

Since a=2,t;=1 - ty,=-3
~. The other end will be (at3,2at,) i.e, (18, —12).

(4)
The given point (-1, —60) lieson the directrix x = _1

of the parabola y2 = 4x . Thusthetangentsareat right
angle.

(3
Equation of tangent a (1, 7) to y = x?> + 6

1
E(y+7) =X1+6 = y=2x+5
This tangent also touches the circle

x? +y2 +16x+12y+c=0
Now solving (i) and (ii), we get

= x% + (2x+ 5)2 +16x+12(2x+5)+¢c=0

= 5x2 4+ 60x+85+C=0
Since, roots are equal so
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Parabola

Q.27

Q.28

Q.29

Q.30

b2 _4ac=0 = (60)2—4xSx(85+C) =0

= 85+c=180 = 5x2 + 60x +180 = 0 Q.2

x——@——6 7
T T TV

Hence, point of contact is (-6, 7)
(3)

Equation of chord of contact of tangent drawn from a

point (x3, V1) to parabola y? =4daxis
yy1 =2a(X+Xx;) so that 5y=2x2(x+2) =

Sy = 4x + 8. Poaint of intersection of chord of contact

1
with parabola y? = 8x are (? 2)-(8,8) ,sothat length 03

3
=N
(1)

The combined equation of the linesjoining the vertex
to the points of intersection of the line

Ix+my+n=0 and the parabola y? =4ax, is

IX + my

2
y :4ax( j or 4ax? + 4amxy + ny? =0 Q.4

This represents a pair of perpendicular lines, if
4ad+n=0.

(1)

From diagram, ¢ = 45°

= Slope= +71.

2 N2
0

4, 0) w

(2)

Any line through origin (0,0) is v = mx . It intersects

4a 4(1]

2 in |l —,—
v° =4ax IN (mz m

. o(22)
Mid point of the chord is mZ’ m

5
4t ?
m m = x 7 or y* =2ax,

which isaparabola.

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1

80

(4)
Eqg. of the parabolais

J(x+3)? +y? =|x+5|

X2+6Xx+9+y?=x2+25+ 10X
y2=4(X + 4)
(3)

S

20!

x=0

A isthe mid point of N & Sfocusis (4, 0)
(4)

3x—4y+72

5

focusis (2, 3) & directrix is3x —4y +7=0
latus rectum =2 x 1_distance from focus to directrix

(x-22+(y-3)*=

(1)
y2—12x -4y +4=0

y2—4y =12x — 4
(y—2)?=12x

34 o

Al(3,2)
(3.0)

Y2=12X
X2 = 4ay
(X=3)2+4x2(Y -2)
X2—6x +9=8y—16
X2—6x—-8y+25=0

(3)
Directrix : x +y—-2=0
Focus to directrix distance = 2a

pe 0+0-2
=2
2a= 2
LR=4a=2+2



Q.6

Q.7

Q.8

(2)

tano + tanf = A(constant)

k +
h+a

1
a+h

k

a—nh

1

* a-—h

a—-h+a+h

a’-h

2ay

5 =@

A
(2)

t
x2—2=-2cost,y =4 cos’ >

2

X2 -2
cost=—=
2

A

k

A

t
=2| 2cos?®—
Y [ 2]

y = 2(1 + cost)

y=2[1+

y=2+2

NG)

—X?

y=4-x2

(2)

3

Tk
2ak = (8 —h?) A

t
,y-4co§§

Let the point P is (3t?, 6t)

(3.0)

and PS=3+3t2=4

t2=1/3

t=

+ =
]

Points are

(1 2v3) & (1, -243)
(2)

x=t2+1l;y=2t=> t=%

:—y +1

X 2 T e 0]
2. _2 _z

X=2s; —S:s—y

y=2
y'+4y-16=0= , _ (POl

Aliter

2
Assume a point on hyperbola (Zt, Tj
Put in parabola

1
2t=t_2 +1=> 28-12-1=0

t = 1 will satisfy point (2, 2)

(1)

Z AOM = 30° asangle £ AOB = 60°

tan 30° = 1
o

o= [3\/5
Ais (B3,B)

Parabola

Now A will satisfy equation of parabolay? = 4x

B?=4.pV3 = B= 4,3 =p=0

AB= 83
Alter
Use parametiric form
at A(at?, 2at) = (13, 2t)
2t
tan 30° = t_2

=>t=2/3;%0 A(12 43)
So. (., =sideof A= g,/3
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Parabola

Q11 (1)

[=]
4 2
Length of chord = ey \/a(a—mc)(1+m )
S
m=tan 60° = /3 ’\Qk

4
Length of chord = = /3(3 /3 x0)(L+3)

Erom the property —- + L = X
, rom the property PS 0s ~ a
= § /3 =8 1 . 1 ) 1
Q.12 (1) 3 2 a
y? = 4x a=1 6
P(t2, 2t) tt,=-1 a= —
For focal chord 5
1 24
t=—— o Latusrectum=4a= —
2 t 5

Q.15 (1)

1 1 1 S
(2 AV (. 2V b*ca Y
PQ = t—t—2 + 2t+T Q
i_1 1
3 2 c a b
1 1
— | t+-= _ = - =
_( t] (t tj +4_(t+j oe ab
b—
Q13 () p=6,a-2
11%4‘\ ,
plx _2_3
=
S Q16 (4)
(@ 0) 1
y:2x—3,y2:4a[X—§j
@ 1
y? = 4ax (2x —3)2 = 4a(x —gJ
X2 = 4ax,
X, =0,4a 4
P(4a, 4a) = 4x2+9—12x=4ax—§a

. 2
is(9a, — 6a) jUsing t2=_t1__} da
Qis (%, ){ ty = 4x2—4(3+a)x+9+?:0

4 ual rootsD =0
= x2—4mx—E:0 &

4a
16 16(3+a)2 -4 x4 x 9+? =0
D=0= 16m2+a =0=>m=-1

slope of PS x dopeof QS=-1

9+@+6a9- 2 g
+@+6a—9- — =
Q.14 (1) = 2 3

=0 = 3&+14a=0
82



Q.17

Q.18

Q.19

ol
a=0,a=-73

(4)

Slope of tangent = 2-3°

dy =2(x-23)

a|30&

(ﬂj 2x. —3) =1 3= 1
=2(x. — =1=x -3=
dx (X1,Y1) ! !

_
Xl—E

2
7 1
ylz[z—sj :Z

Equation of tangent is

1 7
y—z“(x 2]

dy—1=2(2x-7)
4x —4y =13
(3)

L et the equation of tangent to the parabolay? = 4x is

1
y=mx+ E (1)

solving equation (1) with parabolax? = 4y

1
2= 4| MX +—
=X —4[ mj
Now put D =0 & find the value of m

(2)

N(at? 0)

solvey = at with
curve y? = 4ax

p(af,2a9)
(et

(a® )
a aiJ
(2

L
A N (at’,0)

Q.20

Q.21

Q.22

Q.23

Q.24

dt
Equation of QN y = ﬁ (x—at?)

4
putx=0y= Eat

4 4
0,—at = —
T[ 3 j AT 3at

PN = 2at
AT _ 4/3at _gsok_g
PN 2at 3 3

(1)
Equation of normal to the parabola y? = 4ax at
points (am?, 2am) is
y = —mx + 2am + am®
(4)
Point (am?, —2am), where m = +1
.. pointis(l, 2)
(3)
Line:y=-2x—A
Parabola: y? = -8x
¢ = —2am —am®
(condition for line to be normal to parabola)
A=2x-2x-2—(=2) (-8)
-A=-8-16
r=24
(2)
Normal at P(at,? 2at,)
a=1
P(t? 2t)
y+tx=2t +t3 ... D

N

Q(t)

sope=1=-t
t=-1

P, -2)

Q2 2t)
Q(9, 6)
PQ=(9-1)2 +(6+2) =82

(3)
UseT?2=SS,

t,=1+2=3

Parabola
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Parabola

Q.25

Q.26

84

= [y.0-4(x+2)*=(y*-8x) (0-8(-2)
= 16(x —2)?2 =16 (y>—8X)

= y=xt(xX+2)

(3)

Eqg. of AB is:
T=0

Yy, =2(x + X))
2x—-yy, +2x,=0
..()

4x -7y +10=0
v (2)

(x..) %

/

A

equ. (1) & (2) are identical

2 _y_2y

4 7 10
7 5
yl—E & XI—E
(4)
y?=x-c¢c; a=1/4
1
Slope of tangent = 1

S

tt,=-1

P(t)

A (C,0)

Q)
x=0
Aat, + C, at, +1))
at,+C=0
C=-att,
C=a
1
C=—
Aliter

c+a+0 _
s =

Directrix

0,0) (c,0)

c+a=2c = c=a
= c=1/4

(é+a,0)

N

N

Q.27

Q.28

Q.29

y? = 4ax
Slope = —
1_2
ot

P(t,)

R
(h.k)

Q(t,)

= t,=2t

Rlat,t, a(t, + )]

h=at t,, k=at, +t)
k
k=3a, = t,= o~
h = 2at?
K2
h=2a—5
9a2
= 2—gax
Y'=3

(4)
y2+4y —-6x—-2=0

3
y2+4y+4-6x—-6=0; a=

(y+2)?=6(x+1)
Y2=6X

POI of tangents
[att,, a(t, + )]
h+1l=att,

3
+ [ —
h+1= 2

2h+2=-3

2h+5=0= 2x+5=0

(3
Let point P(x,, y,)
X, -y, +3=0

9
2 =
=k 2ah

2

vertex (-1, -2)
tt,=—1

C.O.C.w.rt. (x,,y,) of y* = 4ax

yy, = 4(x + X))
y(X, +3) = 4x + 4x,

yX; +3y —4x—4x, =0
By —4x) +x,(y-4)=0

L,+2L,=0

1

L,=0&L,=0

y=4



Q.30

Q.31

Q.32

(3)

Equation of PQ
(t,+t)y =2x+2att,
passes through (—a, b)

b(t, +t,) = —2a+ 2at,t,
h=att, & k=alt, +1)

POI of tangents
h=att, & k=at,+1)
bk =—2a+2h

a

bk = 2& + 2ah

by = —2& + 2ax

by = 2a(x — a)

(3)

Tangent at P of y? = 4ax

yy, = 2a(X + X,)

Let Mid point (h, k)
T=S,

P(t)

m

Q)

yk —2a(x + h) — 4ab = k? —4a(h + b)
yk —2ax —2ah + 4ah-k2=0

yk —2ax + 2ah—-k?=0

(D) & (2) are same

k —2a 2ah-k?

Y1~ —2a -2ax

P(x,y,)

k=y,;

(2)

—2ax, = 2ah - k?

—2ax, =2ah—y?; y>=4ax,
Mid point —2ax, = 2ah —4ax,

(X, y,) 2ah = 2ax,
h=x,

(2)
P(1,2v2)

r2 = Sp?

= (1-2%+ (242
=1+8=9

Intersection point
of x =1 with
y? = 8x

equation of circleas centre (2,0) ;r=3

(x=2) +y*=9

Q.33

Q.34

Q.35

Q.36

Q.37

Parabola

(2)
Eq. of chordisT =S,
ky —2(x + h) =k?—4h
..(2)
- above eg. passes through focus (1, 0)
. 0k—=2(1+h)=k>-4h
—2—-2x = y?—4X
y2=2(x -1)
(1)
From the property : the feet of the Lr will lie on the
tangent at vertex of the parabola.
y=(x-1)2-3-1
(x=1)2=(y+4)
Tangent at vertex of above parabolaisy + 4 =0.

(1)

P(at’,2at)

S(a,0)

(Note: thisis aHigh light)

(3)

H=z

X=—a

APUT=APLT

Both A are congurrent
Hence PU = PL

PM = SP

PM -PL=SP-PL
TN=MU=SL

(4)
(x-12=8y;a=2 X —

X2 = 8y; X
vertex (1, 0)

| (2,0)

Focus (1, 2)
Radius of circle=2

85



Parabola

Q.38

(x-12+(y-2°=4
X2+y?—2x—-4y+1=0
(3)

y>=4a(x =1
xZ=4a(y—"1)

let the POC (h, k)

2yy’ =4a

2x = day’

2a

y == ()

(h.k)

y':

y‘— L
2a

(h,k)
h
(1) and (2) are equa = %a ..(2)

2a _ h
Kk 2a
hk = 4a
Xy = 4&

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

86

(@)

t, t, = =1, and the point of intersection tangent in
(att, at, +1))

intersection point of Normals is

(at2+t2+tt +2),—at(t +t))

using t,t, = -1, ordinate of both the section point are
equal.

©

distance of focal chord from (0, 0) isp

equation of chord ;

2x—(t,+t)y+2at t,=0

2x—(t,+t)y—-2a=0 .. ()

so perpendicular length from (0, 0)

Q.3

Ya
A
O o
~~~~~~~~ o S@0)
P /M
B
©
Q(at’,2at)
P S(a,0)
a -2a
R[rz ‘T]

Equation of QR is
X —(t,+t)y+2at,=0

1
2 — t—; —2a=0..(1)
Lr distance from (0, 0) to the line (1) is

1
Area= > x QR x Lr distance from origin

2
selted) < [
=Zglt+- X |ty
270t [*J

1

Now the difference of ordination

2a[t+}j -
t

2at+%




Q.4

Q.5

Q.6

(A)

X=-a
a —2a

P(at? 2at), Q, tf'_tl

, {a —2a]

P (at?, 2at), T2 .
2( 2 2) Q, t% t,

write the equation of PP, and Q Q, and then find the
x-coordinate of their intersection.

(B)
(at? 2at)
o
o)
(at’?, 2at,}
Slope of OP « slope of OQ
tt,=-4 (1)
2
asot,=-t — t
4 -f-2
tl - tl
t?=2
t=%.2

slope of normal at P=-t, = tan 0= ,/p = 6 =tan

'({2)

(A)
mx + —
1

()

y=——X (2
solving (1) & (2)

Q.7

Q.8

Q.9

Parabola

y
from equation (2)

put m=-—

(X +y)x +ay?>=0
(©)

%
— 0)[\

Equation of tangent at(1, 2) is
2y=2(x+1)
X-y+1=0 ... 0]
image of (0, 0) intheline (i) is(— 1, 1)
vertex of required parabolawill be (-1, 1)
(B)
Equation of tangentisy =x +A ...(1)
and the equation of normal is
y=mx—-2Am-Am?

wherem = -1
y=—Xx+2A+A
Xx+y—-3A=0 (2
3A+A
distance biw (1) & (2) is é ‘:2\/5.

(©)

2
Slope of OQ = E

line parallel to AQ
and passing through P

P(t)

AN\

Q(t,)

2
y —2at, =€ (x—at?)

For point R puty =0

—2al, = (x—at) t2=—tl—E
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Parabola

x=at’—att, Q.12 (B)
Subtangent = 2x,

t2+t1:—E ordinate =y, arein GP.
h subnormal = 2a
1 Q13 (A)
=at (t,—t)=2at, (t, + g ) Equation of Normal In slope form
x = 2(at,? + @) focal distance Yy =mx—2am-—any; a:%
Q.10 (A) am  m3
(atf, 2|aat1) 6=3m-— T — T (3, 6)

m—-10m+24=0 = m=-4
equation of normal
y—-6=-4(x-3)=> y+4x-18=0

ROk) 014 (C
Slope of tangent tan 6 =t
(at?, 2Qat2) Tangent at parabola
2
Slope of PQ = e, - m

=t +t,=2/m 1
h=at?+t2+tt +2) tan (90 —-0) =cot 6 =—
h=a((t, +t)*—tt, +2) t

tan0 =t
4 = tant
h:a(F_tltZ"'Zj (1) 0=tant
Q.15 (B)
2
k=-att, (t, +t)=-att [—j B
m Tt 2at)
mk A
tt,=— oa ..(2) ‘1'/ {
(att,, a(t.+t,)
using (2) in (1)
C
4 mk 8a+mZ3k + 4am? (at,’, 2at)
a(—z + £ + 2] = 5 '
m a 2am Let the tangent isx =0
2xm? — mPy = 4a(2 + m?) then, p, = [at ?|
Q1 (O p, = lat]
p, = latty|
) o Py Py P, aein GP.
A(t, 2t) Q.16 (C)
h=att,
k=a(t +t)
2
shortest distance always lie along the common normal Y
Equation of normal at (t2, 2t) to the parabolais
yHxt=20+8 . 0) f=_2a
above equation passes through the center of thecircle ! k
c(0, 12)
12=2t+ 1t
t+2t-12=0
t=2
point is (4, 4)
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Q.17

Q.18

t=—t —— {4t ==2
=t — =t +t =—
2 1Ty 2717y
h—at1t2—<’:1t1 - 1—E

_[_2a)(2a, _2 | 2a%(2a Kk
=h=a "« "2ak )Tk T a

= hk2=—4a — 2ak? = k¥(h + 2a) + 48 = 0
= y?(x+2a +4a=0

(D)

T=5

Yy, —2a(X + X)) =y =X,

x,y) = (21)

2
y—z(x+2):1—2

P(t)

(t.)

4y -2x=0

X =2y = solve with parabola
y?=2y

y=0,y=2

Xx=0,x=4

(0,0) (4,2

PQ=+4+16 =25

©

(at’, 2at)

VB<
Y NS
(0, 0) N@a +at’, 0)

2
t

Slope of AB =

BC=-
2
equation of BC

t
y—Zat=—E (x —at?)

put y=0

X = 4a+ at?
inABDC
DC?=BC?-BD?

= 162 + 42t — 4aet?
= l6&

DC=4a

Q.19

Q.20

(B)
Equation of OP

k= %h ()

y-0=—t(x—-a) D y=—tx+at

2
= k=-th+at :Th:—th+at from (1)

2h
(t= ?)
2407
_at T2 __2ah?
2+12 4h? k? +2h?
2+—
K2
= k®*+2h?=2ah = 2x2+y?2—2ax =0
(A)
ty = x + at?
1 1
tan6, = — ;tan6,= T
t tp
..... P(t,)
0
W
Circle
x-a)(x-0+((y-0(y-2a)=0
x-a)(x-0+((y-0(y-2a)=0

For Intersection point R
S -S,=0
= (at?—at?)x +y(2at,—2at)=0

g+t
= 2y+(t2+t1)x=0:y=—(%jx

1
tanelzt— =cot0, =t & cot0,=t,
1

cotf, +cot0,=t +t,=-2tan¢

Parabola
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Parabola

JEE-ADVANCED pass the (1, 0)

A=-1
MCQ/COMPREHENSION//COLUMN MATCHING equation tagent a (0, 0)

Q.1 (A,B) V2 = dx
y -2y =ax+7 Equ. x2+y?—x=0
(y-1)?=4x+8
(y — 1) = 4(x + 2) Y.y, =2 (X +X,)

y x=0
/ (I when point (4, 4)
[ — 2Xx-2y+8=0
) (X=4)2+(y—4*+p(x -2y +8) =0
— pass (1, 0)
A > X Equation
\ X2 +y2—13x +2y +12=0
™ Q4  (AB,C.D)
P(a, B)
Equation of required parabolasis
(X +27=8(y—1) & (x +2)2=—8(y - 1) Q(h.k)
2 B,C,D
Q ( ) Lo
>
M A ' a+a B
(1,1) — - P
h 2 K 2
=>a=2h—-a =2k

o, B satisfies the parabola

x+y-1=0 o B?=4dan
11 4k? = 4a(2n — a)
Point A is (—'—j y*=a2x~a)
2 2
. Mis(0,0) yom 2a[x _ %j
. Eq. of Diretrix isx +y =0
) Q.5 (A,B)
_ X+Yy y2—2y—-4x-7=0
+ Eq. of parabolais (x — 1) + (y — 1) = (TJ y'—2y +1-4x-8=0LR=4=L
(y-1)?=4(x+2)
Length of latus vectrum = 2(Lr distance from focus vertex (2, 1) Axis = x-axis
to the directrix) New parabola
(x+22=%8(y-1)
1+1

+ve(x +2)2=8(y — 1)

=2 J2 =2V2 X2+4x -8y +12=0
Q.3 (A,D) -ve X2+4x+4+8y—-8=0
. al? = 2at X2+4x +8y—-4=0
Q6 (B,
point y =tan (tan? x) = x
- _ 2
VA PS=PM = (h—1)°+ (k—0p= (- 2k)
\ )
\\ //
P =
t=0, t=2 m _______ PN
(0, 0), (4, 4 =
(1) whenP=(0,0) N
ry?er =0 S T
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Q.7

Q.8

Q.9

Q.10

Q.11

= 2(h®+1-2h+k? =h?+k?-2hk
= h?2+k?+2hk+2-4h=0

= X2+y?+2xy+2-4x=0

(A.B)

y2 = dax

(A) (at? 2at) possible

(B) (at? —2at) possible

(C) (asin%, 2asint) not possible because sin t will
liesonly in [-1, 1]

so ans. (A) (B)

(A,B,D)

(1.2)

(1,0)

Q.13

y? = 4x, the other end of focal chord will be (1, —2)
and this satisfy options (A) (B) & (D)

(AQ)

Option (A) & (C) are used as a property.

a
Let the equation of tangent isy = mx + .
3
=mx+ — (1
y=mx+ (1)

tan 45° =

m-3
1+3m

= m-3=%(1+3m)

>m=-21/2
Put in equation (1)

3 1
y=—2x—_-andy= - x+6

2 2
(AC)
Tangent at P
ty = x + at?
B(0, at) T(-at? 0)
P(at®, 2at)

S (a,0)

Q.15
clearly B is the mid point of TP

Q.12

Parabola

(A,D)

\

a>0,b>0a<0,b<0

Let the normal be y = mx —4m —2m?3
= 0=6m-4m-2m* = m=0,1,-1
A(0, 0); B(2,4); C(2,-4)

Area=8

. 4 .
Centroid = (5 .0), circumcentre = (5, 0).]
(A.B)

Tangents are perpendicular = AB isfoca chord
and Normals meet on axis of parabola = AB is
double ordinate = AB is latus rectum.
= Z(-3, 1)
equation of axis

1
y-1=—(x+3
4( )
(=3, 1z S /C(12)
y—-4=x+3
X—4y+7=0
Cz=4a=4%*+1% = J17 Ans.
(A,B,CD)
h=t,t, ... D
k=t +t, .. 2
t2=16,2 .. ()

From (1) , (2) and (3)
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Parabola

Q.16

Q.17

Q.18

92

17h
k2=t2+t,2+2h=17t2+ 2h = 4 +2h

25
. Locusisy? = 7 X.

Now verify al the options.

(A.B)

25h
4

Q.19
Q.20
Q.21

Equation of both the parabolais given by the

equation

(x =)+ (y ~b)* =x*

....... (i)

& (x—a?+(y—-b3?=y?

....... (i)

(i) - (i)

= (X+y)(x-y)=0

slope of common chord =1 & —1

(A, B)
j
S(p/2,0)
4
x=-p/2

Eqg. of circleis given by

p 2
4] e

(1)

Directrix : x = —% in tangent to the circle .

L r=p

2
. Eq. of circleis [X—%j +y2=p?..(2)

(if)

(iii)

(D)

Q.22
Q.23
Q.24

solve circle & parabola for point of intersection.

(A,D)
pat, 2
M
A
DA
X=-—-a

Equation of PAis

_2

—2a
D(— a, T] M (- a, 2at)

write the equation of circle with MD as diameter
and then solve with x - axis

Comprehenssion # 1 (Q. No. 19 to 21)
(A)
(D)
(D)

\
Tangentat \wX*+Yy=5
vertex ‘“—‘\

Tangent and normal are angle bisectorsof focal radius
and perpendicular to directrix.

.. The equation of circle circumscribing AAPB, is
X=5)(x+3)+(y-Hy-4)=0 = x*+y>-2x=
31

Two parabolas are called equal when their length of
latus rectum is same.

Also, I(L - R) =4 (Distance of focus from vertex)

= 4y/(3-1)2+(2-0)? =48=8Y2
The area of quadrilateral formed by tangent and

normals at ends of latus-rectum = 8(VS)2
=8(4+4)=8(8) =64

Comprehenssion # 2 (Q. No. 22 to 24)
(A,B,CD)
(B,C,D)
(B.0)
Wehave PM =1+1t2

PS=\/(t*-1)2 + 4t = (t* +1)

MS= 44 42 = 2414 12

= 2414t =148



(i)

y
128 e
(-1, %} P(tz, Zt)
V) rao X

Directrix
i PM=1+t2=4=a=k (Given)
Hence C,:y?=4(x +1)
Equation of tangent to C, at (0, 2) is

x+0
2y:4(7+1J = y=x+2

Now circle which touches aboveline at (0, 2), is
X2+ (y—22+AMx-y+2)=0.

As above circle is passing through the point (0, —2),
o)

Y 4

0.2

2,0 P[00 (20) > X

(0! _2)

v
0+16+A(4) =0 = A=-4

C,ix2+(y—22-4(x-y+2)=0
or C,:x2+y?—4x—-4=0.

C»n2 2
NowC3:u+y =1, a= 24/2 and b=2

a2 p?
X—22 2
So C3:%+y7 =1.

Given C,:y?=4(x +1)

(A) Minimum length of focal chord = Latus rectum =
4.

(B) Locus of point of intersection of perpendicular
tangents = Director circle whichis x+2=0.

(C) Clearly distance between focus and tangent at
vertex is 1.

(D) Foot of the directrix is clearly (-2, 0).

(i)

(iif)

Q.25

Parabola

2 2
We have C,: %+y— =1

4
4 1

Ale= [1-— = —

Wes g T 2

(B) Focal length = 2 ae =2 x 2\/5(ij =4

72

2
(C) Latus-rectum = % = 2(ij =22

2.2

(D) Director circleis (x—2)?+y2=12 = x2+y?—
4 -8=0

(0,2)

4 Triangle formed by
(0,0

(O! _2)

common tangents to the curves C, and C, and latus-
rectum of C,, is isosceles triangle.

Required area = %x 4x 2 =4 square units.

(A) = (9), (B) = (1,(C) - (a), (D) — (p)
EquationAB

A(at?’, 2at))

(A) ABisanormal chord t, =—t; — E

(B) ABisafocal chord t;t,=-1
(C) AB subtends 90° at the origin then

2at; -0 “ 2at, -0

at?-0 at2-0 ~ 1
4

th=—d=t,= "

1
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Parabola

Q.26

94

(D) AB isinclinded at 4s° to the axis then slope

2
ti+1t,
t +t,=2
t,=—t +2
A-PQRST,B>ST,C>QRST
If three normals drawn to any parabolay? = 4ax from
agiven point (h, K) berea, then h > 2a.

(A) ry?—4x -2y +5=0
= (y—17=4(x~1)
Lety—1=Yandx—1=x

y? = 4X
On comparing with y? = 4ax

a=1
According to question x > 2a
= Xx-1>2o0rx>3
. x=4,56,7,8PQ,R,ST)

(B) - 4y?—32x +4y +65=0
= 4(y*+y)=32x-65

17 1
=4 [Y+5j T4 =3x-65

1 2
:4(y+5j = 32x — 64

=1

1 2
or [Y+Ej =8(x—-2)

1
Lety + > =yandx—2=x

S y2=8x

on comparing with y? = 4ax
sa=2

According to question x > 2a
=>X-2>4..%Xx>6

L X=7,8(ST)

(C) - 4y?—16x—-4y +41=0
= 4(y?-y)=16x-41

17 1
=41V 73] T4 =16x-41

1 2
:>4(Y—§] =16x —40

o3

1 5
Lety—i =yandx—§ =X

Sy2=4X
On comparingwithy?=4ax ... a=1
According to question

5 9
>2 - =>2 > —
X>2a =X > or X >

. X=5/6,7,8 (Q,R S T)

(A) = (), (B) = (9),(C) = (p), (D) — (q)
y? = dax

P(h, k)

T=S,

T=ky—-2a(x+h)

S, =k*-2ah
(A) Equation

ky —2a(x + h) = k? — 4ah
Thisline pass thoh (g, 0)

0-2a(a+h) =k?-4ah

—2a% —2ah = k? — 4ah

k?+2ah-222=0
Locusy? + 2ax —2a° = 0A —> r
(B) We know that equation of normal

y=mx—am®-2am ... (i)
ky — 2ax = k?—2ah
_2a K-z
y ” T
. L . 2a 3
comparing equation (i) and (ii) m = N am® — 2am
k? - 2ah
= — ... (2
” 2

2a . .
put m= o in equation (2)

we get the locus y* + 2a(2a—x)y> +8a*=0B —> s
a(ty +13)

() h==%

k=a(t, +t)

2 2

or T =7%,



t,+t,=0k=0=y=0
(D) Length of chord = ¢

= —%\/a(1+m2)(a—mc) =/

2a
wherem = T

k? —2ah
K

Let PQ be avariable focal chord of the parabola y?2
=4ax wherevertex isA. Locusof, centroid of triangle
APQisaparabola‘P;’

NUMERICAL VALUE BASED

Q.1

Q.2

Q.3

Q4

Q.5

(4)

h?=ab

=>4=A1=>Ar=4

(20)

a= 1" distance from (3, 4) to the tangent
at vertex

3+4-7-5y2
J2
a=5
6
LR =4a=20 Q

(2)
y?=8x;a=2

_i- 8x1)*'?

Area 7

; (4,6);

_M_g_mumts
- 4 T4 TTF

3
y = mx — 2am —am?®
Here a=1
0O=cm-2m-m?3
mi+(@2-c)m=0
m=0
m=c-2=c>2
sum m;+m,+m;=0
2a-h Q.7
zmym, = ———

—k
m;m,m, = ——
1M = 7

mym,=2-c
-1=2-c
=c=3

(1)

I.F. (&, a-2)
S=y?2-2x
Equation of lineAB

S=y?2-2x

Parabola

2___6 2
y—<c= 6(X_)

y—2=-x+2
L=x+y-4=0

A2,2)

[e]
N" 5
B

S,=(a-2?-2&<0
&+4-4a-2a<

= &+4a-4>0

da-a&+4<0 &X+4a+4>8
L, <0 (a+2)2>8
&+a-6<0 a+2>2.o
a+2<-2./7

—-3<ax<?2

a>-2+2[p a<-2.; -2

= 2+2,[p <a<2

so integral value of aisequal to 1 only.

(3)
Hereh?—ab=(-12)?-9-16=144—-144=0AIs0 A
#0

.. the equation represents a parabola

Now, the equation is (3x — 4y)2 = 5(4x + 3y + 12)
Clearly, thelines3x —4y =0and 4x + 3y + 12=0are
perpendicular to each other. So let

3x—4y 4x +3y+12
\/32_’_(_4)2 =Y, \/42_"_32 =X (i)
The equation of the parabola becomes Y2=X =4 -
2 x
4

.. Herea= 1/4in the standard equation as/=2a=
1/2
= 6/ =3

(0)

The point P(—2a, a + 1) will be an interior point of
both the circle x2 + y?2— 4 = 0 and the parabola y? — 4x
=0.

s (282 +(@a+1)3?-4<0

i.e 5 +2a-3<0 (i)

X2+y2=4
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Parabola

Q.8

Q.9

96

and (a+ 1)2-4(-2a) <0

i.e.@+10a+1<0 (i)
The required values of awill satisfy both (i) and (ii)
From (i), (5a—3) (a+ 1) <0

.. by sign schemewe get -1 <a< 3/5
Solving (ii), the corresponding equation is

-10++/100-4

2

...(iiil)

&+ 10a+1=0 or a =

+2./6

.. by sign scheme for (ii)
-5-2,6 <a<-5+ 26 «(iv)
The set of values of a satisfying (iii) and (iv) is—1<a

<-5+ 2,6

=-5

(2)
. Q.10
Wp’, 2ap)
aQ
(ad’, 2aq)
2a(p - q)
sopeof PQ = —————— =
a(p-9)(p+a)

o p+gq=2

(18)

Astheaxisisparallel to they-axis, it will bex—a =0

for some o and the tangent to the vertex (which is

perpendicular to the axis) will bey — 3 = 0 for some

B.

Hence the equation of the parabolawill be of theform

(x —a)? = 4aly - ) (1)

when a, B, a are unknown constants, 4a being latus

rectum.

(1) passes through (0, 4), (1, 9) and (2, 6) so
X—a=0 Q.11
y=0

x=0
y-p=0
directrix

(0 —0)? = 4a(4 - B),

i.e. a? = 4a4 - B) (i)

and (1 —a)®=4a(9 - B)

i.e.1-2a +a?=4a9-p) (n)

and (-2 — a)? = 4a(6 — B)

i.e. 4+ 4o+ a?=4a6-B) ~(iv)

_5_1 _ 2
20" =g

... from (i), the equation of the parabolais

or X2+ EX_Fi:ly_E
2 16 2° 16
or x2+§X—1 +2=0
2 " 2Y7eT
L2+ 3X-y+4=0 = y=2x2+3x+4

= 0=2%x22+3x2+4=18
(16)

—

a .
= + —
y=mx+ (i)
equation of OP is
= ix ii
y=-— - e (i)
a/m
OP=
v1+m?
equation (ii) meets the parabola at Q
ix2=4ax = X = dam?, y = — 4am
m2
OQ=4am,1+m?, OP OQ=4a
(23)
XX, =20y +y,)
6x =2(y +9)
X=y+9 XxX-y-9=0

from equation of family circleisS+ AL =0
S=(x-62+(y—-912+k(3x-y—-9)=0

N

(0.1) /2 = 49
-...,.“‘- (6’9)

is passes through (0, 1)



Q.12

36 + 64 + k(-10) =0

100-10k=0 k=10
x2+36—12x +y?+ 81— 18y + 30x —30y —90 =0
X2+y2+18x—-28y +27=0

(3)

Equation of parabolaisy?=4ax ... (1)
Let A= (at? 2at) B =(at,’, 2at,)) , C=(at,, 2at,)
Equation of the tangents to parabola (1) atA, B, C
are

yt, =x+a? .. 2
yt,=x+az? .. (©)]
and yt,=x+a> L (4)

Let the points of intersection of lines (2)
,(3)beP; (3),(4)beQand (2), (4) beR.

ThenP=(at, t,, at, +t)), Q= (att, a(t,
+1)), R=(att, alt, +t))

Now areaof AABC,

atl2 2at; 1
1 |at,® 2at, 1

A, =modulusof — "2, 2
2 laty® 2at; 1
L t> t 1
= modulus of > . a 2a t,> t, 1
5 ty 1

=a|(t, - t) (t,—t) (t, - )]
Areaof APQR
at;t, a(t;+t,) 1
A, =modulus of > at,t; a(t, +t3) 1
atzt; a(t;+t;) 1

= modulus of > toty th+ty 1

, [ta(ti—t3) ti—t3 O
= modulus of > ty(t, —-t;) t,—t; O
g, ta+t; 1

[R,—>R -R,R,—»>R,-R]
a2
modulus of > (t,—-t)(t,—-t)(t-t)

2
- a? [t =) (= t) (=) |

A 2
Clearly N " 1
2

Q.13

Q.14

KVPY

(4)
Equation of parabola
P (at?, 2at,)
//
//
(at221 zatZ)
y? = dax
0Q = /a%t; +4a%t}
=aty |t +4
QQ= 242a.243
2
> 4.6 a st,=t -

(3)

y = mx — 2am —am°® Herea=1
0O=cm-2m-m3
mi+(2-c)m=0
m=0 m=c-2

= c>2

summ, +m, +m; =0
5 _2a-h

mm, ="
-k
mymM,Ms = =~
mm,=2-¢
-1=2-c
= c=3

PREVIOUS YEAR’S

Q.1

(B)

Any normal

y = mx —2am—am?® Herea= 3/2
through (A , 0)

0=m\ —2am—am?®
m=0,A=2a+am?

m? = &—2>0
a

A>2a=A>3

Parabola
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Parabola

Qz (O

(2x —4)2=4x
(x-2)2=x
xX>-b5x+4=0
x=14

B
A(a, 0)
)/Zx%
C((1, -2

B(4,4) --AB=AC
Jo-4)2+16 = (0 -1)* + 4

9
On solving, weget o = =

2
Q3 (D)

(0,12)
(0, +\/ﬁ)

(V12l0)
(-V12/0) %/(12, 0)
)

X+y?=x2+y=12

curve (1) x +y2=12
y2=—x—-12)

Intersection on x-axis (12,0)

Intersection on y-axis (0, + \/12)

curve (2) x2+y =12

x2=—(y—12)

Intersection on x-axis = (tx/ﬁ,o)

Intersection on y-axis = (0, 12)
four intersection

Q4 (A

ChK) fy=x

At.4)

98

OB L OA
So, tt,=-1
h t+t,
Now 5= 5
t,+t,=h (i)
aso tZ +t; =k
(t,+1,)" -2tt, =k
h?+2=k
locusisx?+ 2=y
Q5 (B)
Y& D(h+1,3)
L(0,2 :
[\)
m, i
m, i
(h, D=(h, KA PO,1) M(h+1, 1)

. 0)

Curve, S: (y—k)?=4(x—h)

LLR=4;Clearlyk=1;=A (h, 1) & ‘M’ isfocus (h

+1,1)
SoD (h+1,3)
Sog = 0= K ==4n
-1 3
I =D|—=,3
L hes 32
8, ‘
Now;tana:|m1_m2|=‘ 3 -2
|+m1m2| 1+8><2 19
where,m _31 _E_§
173 T3 3
°_ 0 °
4 4
mZ:EZZ
1
JEE MAIN
PREVIOUS YEAR'S
Q1 (1
Equation of t t:y= +i
quation of tangent 1y = mx + -
1 - ;
me= 5 (- perpendicular to line2x +y = 1)

X
tangentis:y = ; +3= Xx-2y+6=0



Q.2

Q.3

(9)

Equation of tangent of A
Q4
ty=x+t2
X—yt+t2=0
3-0+t? Q.5
Ji+t2 |7 3
(3+12)2=9(1+1?)
t=0,% /3
Point A (3, 2,/3) infirst quadrant
For point B foot of perpendicular from c to tangent
x-3_ y-0 (3-0+3) _3
1 - BT 4 TX73
-2 das3
c=5 anda=
2(a+c)=9 Q.6
(2
he at2+a,k: 2at + 0
2 2
a k
= t?= dt=—
a
Q.7
y P(at2,2at) Q.8
Q.9
M(h,k) Q.10
Q.1
O S(a,0) Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
k® 2h-a
= 3=
a a

= Locusof (h, k) isy?=a(2x —a)

5 a
= y°=2a X_E

a
Itsdirectrix isx —

>
(4)

For standard parabola

For more than 3 normals (on axis)

L
X > gl (whereL islength of L.R.)

For y2 = 2x
LR =2
for (a, 0)

a>— = a>1
2

(1)
Giveny2 = 4x

Mirrorimageony =x = C: x2 =4y

dy dy x
2x=4.— — ==
dx = dx 2

dy 2 1

dx P(2,1) 2

Equation of tangent at (2, 1)

S>y—-1=1x—-2)

=>x-y=1
(2)
Tangent to parabola
2y =2(x+6)—-20
=>y=x-4
Condition of tangency for ellipse.
16=2(1)2+b
=hb=14
Option (2)

(2)

(1)

[34]

(2

(9

(2)

(2)

(3)

(1)

(2)

(4)

a
Z L x=
2

0

Parabola
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Parabola

JEE-ADVANCED
PREVIOUS YEAR'S

Q1 (2
A1
A= (by property)
A
A, =2
Q2 (C)

3
/ Px y)=(y/4,y)

Yy
= Plie'a
then locus of Pisx = y?
(A,B,D)
Equation of normal is
y =mx —2m—m®
(9, 6) satisfies it
6=9m-2m-md
m-7m+6=0
m=1
m=2
m=-3

Q.3

Q4 (4
Focusis S= (2, 0). Points P= (0, 0) and Q = (2t2,
4t)
0 O

1
Areaof PQS= o 2.0
2t 4t

= %(Bt) =4 . (i)

Q (2t%, 4t) satisfies circle

4t* + 162 - 42— 16t =0

t+3t-4=0

(t-1) (E+t+4)=0

putt=1inAreaof PQS.

= Areaof PQSis4

Comprehension # 1 (Q. No. 5 to 6)

Q5 (B)
Q6 (D)

Rliesony=2x+a

100

Sol.

Q.7

2
PQ:a[t+—j =5a
1
t—— =_
" 1
1
t+? = £
pj . (at, 2at)

2
(D) y=mx+ =

K

If itistangent to x2 +y2=2

(=2,0)
Q R



Sol.9

Then,
2

m

1+m?| = V2 =

Hence equation of tangentisy =x+2 & y = X —
2.

Chord of contact PQis-2x=2=x=-1

Chord of contanct RSisy.0=4 (x-2) => x =2
Hence co-ordinates of P, Q, R, Sare (-1, 1) ; (-1,

) =27

1
Area of trapezium is = 5 (PQ + RS) x Height

Q.10
1
= = (10)x 3= 15
2
Comprehension #2 (Q. No. 8& 9)
(D)
(B)
My = mQR
2at-0 _ 2at —2ar
at? —2a a(t')?-ar?
Q.11
) ‘.‘\?\‘\
“‘\,‘?&‘\ ,
: F \“-\‘K(za,o)
t t'—r
-2 (t)P-r
P =—t—r2—2t 21, t=—1 Q.12

t'—tr2=—t+2r —rt?
—tr2+rt?-2)+t' +t=0

»= (Z_tz)i\/(tz—Z)z +4(-1+22)

It is not possible asthe R & Q will be one same.

1 t? -1
I':—Y or r=

(D) Ans.
Tangent at Pisty = x + at?
Normal at Sisy + sx = 2as + as?

Parabola

P ty=x+at?
Sy + sx = 2as + as

a
ty+x:2a+t—2

ty=2a+ iz —ty +at
t
2y = at* + 2a? + a
2
a(t2+1)
y:—3
2t

(B)

8x—ky + (k*-8h)=0

2X+y—p=0

Comparing coefficients of x, y and constant term, we
get

2_
e KO8N

—-p
k=—4
16—8h=—4p

4-2h=-p =p=2h-4
(A)

Fora= \/E , the equation of thecircleis: x2+y?2=2
Equation of tangentat (-1, 1) iss —x+y =2

Point of contact:

( -ma a \:[;ﬁﬁ\:(—l,l)
a1 Ve 7 (722

(B)

13
X*+yr=="
(A) y =7

1). 13
Equeation of tangent at [\/5,5] IS: X 3+%: 7

.. option (A) incorrect.

1
(B) Satisfying the point [\/élzj in the curve x? +

a2
ay? = &, we get 3+Z: a’

2
- =3 =a’=4
4

~.theconicis: x2+4y?=4
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Parabola

Q.13

Q.14

102

1
Equation of tangent at (\/5,5] is:

J3x+2y=4

(A)

The equation of given tangentis.y =x + 8

Satisfying the point (8, 16) in the curve y? = 4ax we

get, a=8.

Now comparing the given tangent with the general
a

tangent to the parabola, y = mx +E swegetm=1.

a 2a]
; ic| —,— | =1(8,16
Point of contact is (mz m ( )

(A,B,D)
4 y(@)=4x-2)

P(-2, 4)
= y=x-2
F(2,0)
Q

Q.15

Q.16

Note that P lies on directrix so triangle PQQ' is right
angled, hence QQ' passes through focus F.

PF=42
Equation of QF isy=x—2 & PFis x+y=2
Hence, A,B,.D

(1.50)

y*=4-x

(4.0)

Let the circle be

X2+ y?2+Ax =0

For point of intersection of circle & parabolay?=4—
X

X+ 4-X+Ax=0=x2+x(A-1) +4=0

For tangency : A=0 = (A-1)>-16 =0 = A=5 (re-
jected)

or A=—3

Circle: x2+y?-3x =0

3
Radius :E =15

(2.00)
For point of intersection :
X2—4x+4=0 => x=200 =2



Q.1

Q.2

Q.3

Q.4

Q.5

Ellipse

| EXERCISES

)

(2)

ae=2=>a= e 12

b’=a22(1-€) =16 (1-1/4)
2

2
Now equaiton is )1(—+

y —
16[1— j
4

X2 2

e —+—=1
T ET

(2)
9x? + 5(y2 -6y +9) =45

2 2
X, =9
5 9

2(1-€) = b?
= 91l-6)=5

wlin

5 4
:>1—e2:§ :e2:§ =e=
(3)
a=6b=2y5

20 2 16 2
2_.21_ 2 =(1-¢ e=.|— ==
b*=a’(Ll-e) 3¢ ( ) = %3

. . a
But directrices are X = ig

6
Hence distance between them is 2. 273 =18,
(2

X2 y2

+ =1
(48/3) (48/4)

/ b2 1
2 2 — - =
a®=16,b°=12 = €=,/1 Z 2

1
Distance is 2ae= 2-43: 4.

(2)
Vertex (0,7), directrix y=12, .. b=7

b 7 95
212 e=—,a=7|—
Also o=le= €= 144

Hence equation of ellipse is 144x? + 95y? = 4655.

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

(2)

2 2 2
X—+y—:1. Latus rectum =——=3
4 3 a

(1)
The equation of the ellipse is 16x2 + 25y = 400

2 2
or X—+y—:1
25 16

Here a2:25,b2:16:e:g,

Hence the foci are (£3,0).
(1)
Let point P (Xq,Y1)

2 9
So, V(X +2)% +yi =5(x1+3)

2
4 9
Xy +2)% + 2=—(x +—j
= (X1 +2)7+y1 g1t 5

- 9[xf+yf+4x1+4]=4(x12+871+9x1j

§ yi
= 5x12+9y12:45:>?+?=1,
2 2

Locusof (xq,y1) is %+y?:1,whichisequation

of an dlipse.

(3)
In the first case, eccentricity e = ,/1- (25/169)

In the second case, = 4/1- (b?/a?)
According to the given condition,
V1-b?/a? = /1- (25/169)
=b/a=5/13, (- a>0,b>0)
= al/b=13/5.
(2)

2 2 _
A4x-2)“+9(y-3)“=36
Hence the centre is (2, 3).

(1)
Theellipseis 4(x —1)% +9(y - 2)2 =36
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Ellipse

Q.12

Q.13
Q.14

Q.15

Q.16

104

2
Therefore, latus rectum= % = 24 = g

3
(2)

Foci =3, 3) > a3-2=1

1
Vertex =(4-3)= a=4-2=2= e=E

Sb-af1-1)-25-13
Therefore, equation of ellipse with centre (2,-3)is

2 2
x-2% y+3>_,
4 3
(2) Check A = 0and p2 < gp -
(1)

(x+1)2 N (y+2)2 _
225 225

/ 225 15 / 225
25

_h 24
25 5

1

15 4

Focus= ( 1- 2+§—j (-1-2+4)

=(-1,2); (-1,-6) .
(3) 3x% —12x + 4y% -8y = -4

=3(x-2)2+4y-12=12

52 2 2 2
= (x=2) +(y Y =1:>X—+Y—:l
4 3 4 3

ce- 2L
4 2

e, (x-2=41,y-1=0) =
(3)

Given equation of ellipseis,

Foci are (X=in%,Y=O)

(3,1) and (L1).

25x2 + 9y? —150x — 90y + 225 =0

= 25(x—3)% +9(y-5)2 =225

2 2
_ (x-3° (-5
9 25
=1.Here p>a

Eccentricity - 1o & _ -9 _[16_4
. Eccentricity b2 25 ~\25 5

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

(3)

Coordinates of any point on the ellipse

x2 yz
a’> b?
(acos@, bsin0).

The coordinates of the end points of latus recta are

=lwhose eccentric angle is ¢ are

b2 2
ae'i? * ~acos@ =ae and bsinf=+—
a

oe2)

b
tan6=+—=0=tan
= ae
(2)
S (I
vae=1y5 = ATV E) = = g2 _g

b2 :az(l—e2)=9(1—gj 4

Hence, equation of dlipse

2 2

Y 2 2

—+—=1= =

9 "7 4x“ +9y“ =36

(1)

i 64| 1 1
Centreis(3,0),a=8,b= 2 = 43

Now x = 3 + 8 cosd

y= 43 sind

(3 +8cosh , 4/3 sino)

(1)

Since S; > 0. Hence the point is outside the ellipse.
(2)

=3t 33 +5 Xil

- 34" 3 4
155

>y=3 * gy

(1)
From the given options it can the easily said
Alternative :

2 2

X_+X_:1

16 9
=

Aspair of linesof T?=SS

1




Q.23

Q.24

Q.25

Q.26

Q.27

2 2
:>X_+y_+1_i_ﬂ ﬁ
64 9 4 3 12
Xy 1
64 36 4
2
Y _ 2y x x5

=>((y-3)(x+y-5=0

(4)

By symmetry the quadrilateral is arhombus. So area
is four times the area of the right angled triangle
formed by the tangent and axes in the Ist quadrant.

Now,  ae=+a?-b? = ae=2
=Tangent (in first quadrant) at end of latus rectum

5 2 5y
22| s 2x+2Y -1
( 3) 'S 97735
Xy

X Y,
l.e., 9/2 ' 3

19
=4-.-3=27 i
Area > sg. unit.
(1)
y

Ste=1, it

NERN
a2 b%

=l n
y=—X+—Iis tangent to
m m

2

n 2 2(')
— —+.|b?+a% — 2_ 2.2 2.2
m m Of n® =m“b“ +1“a
(3
Ss, =T?

fi.2
tanezzﬂ,a:9,b:—4andh:—12.

a+b

(3)
The locus of point of intersection of two
perpendicular tangents drawn on the ellipse is

x? +y? =a® +b?, which is called ‘director-
circle'.

2 2

Given ellipse is X?+y7:1, ~.Locus is

x2 + y2 =13.
3
Changetheequation 9x? + 5y2 — 30y = 0 instandard

form 9x2 + 5(y? - 6y)=0

Q.28

Q.29

Q.30

Ellipse

2 2
X -3
= 9x2+5(y2—6y+9)=45:>?+%=1

-+a? <b?, so axis of ellipse on y-axis.

Aty axis, put x =0, so we can obtained vertex.
Then 0+5y2 -30y=0=>Yy=0,y=6
Therefore, tangents of vertex y =0, y = 6.

4)
2 2
For ¥+?=l equation of normal at point

(X17y1)1

(x—x1)a® _ (y-y1)b?
- _
X1 Y1

2 (X1,y1)=(03), a2 =5, b% =9

N (x-0) 5_ (y-3).9
0 3

orx=0i.e,y-axis.

(1)

Given, equation of elipseis

4x2 +9y? = 36

IJIx (-2
Tangent at point (3,-2) is %+ % =1or
X_¥Y_4
3 2

X
- Normal is >t % =k andit passesthrough point (3,~

2)

32 k=2
2 3 6

. X Yy 5
. —_——t == —
.. Normadl is, 57375

(1)
We know that the equation of the normal at point (a

2

sind, b cos 0) on the curve x?2 +y7:1 isgiven by
ax by
_ = = 2
sin® coso —&+b
1Ix 2y .
—_——t— =
sin® coso 3 (1)

Comparing equation (i) with 2x — gxy = -3.Wegst,

1 23 3

_Zsjnez 8)\.cosO - 3
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Ellipse

1 3
=snd - andcosd = —

20 _ 2a°(1-€?)
a

2 an Latus rectum = a
V3 3 [ 26] 39
= t+t—=— = — = 1-— | ===
> 2a(l-€?) =16 64 2
v 1
NG Q ( Z _ B .
== +22 x=3(cost+sint)y =4 (cost—sint)
’ i—cost+sint'l—cost sint
~ 3" 4"
2 2
square & add L A =2
8 16 9 16
asing =2, bcosecO =—A or db=—A
3 3 x2 y2
16 Ellipse Equation 18 + 32 =1
ca=1lb=2; .2="2) or ) =
1 2 3 A A =3/8 Q.8 (3)
JEE-MAIN Fi(3,3) ; Fy(4.4)
OBJECTIVE QUESTIONS 2ae=FF,
Q1 (1) 2ae = 2 2
PS = ePM J(3+4) +(3-4)
2ae=5./p ...(1)
2 > 1ix-y-3 . . . .
\/(x—l) +(y+D)° =—|—— mid point of P,P, will be centre of ellipse
2|12 +12
. 17
Squaring, we have centre 5
X2+ Ty?+7—-10x + 10y + 2xy =0
Q2 (4 2 2
Ix2+9y?+8x +36y +4=0 (x+1j (y—7j
4 (X2 +2x +1) + 9 [y? +4y +4] = 36 . 2 2) _
4 (x+1)? + 9 (y+2)? = 36 Bllipse — 57—+ "z =1
(x+1? (y+2° _, 1
B Passing through origin —— + ——5 =1..(2
9 4 ng through origin 222 T ap? (2
e 1/1 4_15 >
= e=,4|l-—=— ==
9 3 From (1) and (2) e 7
Q3 (3 Q9 (2
a 1 1
2xE=3><2ae Max.area=§><2ae><b=5><2><3><4=12
1 1 Q.10 (3)
== jezf 4x*—4x +4) + 9 (y>— 64 +9) = 36
3 3 4 (x-2) + 9(y-3)° = 36
Q4 (2
(x-2) , (y-3)°
x2 y? st L
+ =1 For ellipse
r-2 5-r Equation of major axisy = 3.
2<r<5 Equation of minor axisx =2
Q5 (3 Q1L (2
X2 +4y?=1 Let P (acosd, b sin 6)
X 2 2a° 4 op=2
X Y = 1= Length of latusrectun= — = — = OP?=4
1/9 14 b 9 = 2005’0 +b?sin?0=4
Q6 (1) = 6c0s%0 + 2 sin%0 =4
e—5' 2ae=10= 2a= 10 = 2a=16 1 T
=—; = =— = =+ = =+ —
8 e cosh =+ 2 = 06=% 2
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Q.12

Q.13

Q.14

(4)

2 o1

dt
b? 3
=1l—-—=1-—
e 2 2

e=0lt+c=e=172

whent=0,e=1/2

= ¢c=05

e=01t+05

ellipse become auxiliary circle wheree — 1
1=01t+05=t=5sec.

(2)

bsind; p

Mor= acose, = 3 @1

N

P(acos04,bsin6,)

Q(acosb,,bsin6,)

2

a
tan6,tan6, = -—-
b2

MOQ = g tan92

2
M op X MOQ = a_2 tano, tano,

(3)5)--

So right angle at centre.
(2)

Let eccentric angle be 0, then equation of tangent is

X y .

—C0s0+= =

a b sn6=1 (D
given equation is

g% =/ e

comparing (1) and (2)

Q.15

Q.16

Q.17

Q.18

Ellipse

1
cosO =sind = —
V2

= 0=45°
(2)
C=%8x4+4=%6

(4)
Ix2+4y*=1
3xx, +4yy, =1

given3x +4y =— \f7

comparing
3 _4y,_ 1
3 4 7
1
X, = 77
1
Y, J7

(4)
Equation of normal
ax sec —by cosecp = a& —b?

(1)

Xcosa, + 4 sino = p

(2)

asecp —bycoseco a’-b’
cosa. ~ sna  p

=cosd = (a%apbz)xseCa (3

_bp
= sing = mx coseca ..(4)
squaring and adding

2
1= (aZ?T)Z [a® sec? o + b? cosec’al]
(1)

2 2
X_ + y_ =1

16 9

Let the point P(4 cosd, 3 sind)
Tangent at P

écose+%sin6:1

.
N

A
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Ellipse

Q.19

Q.20

Q.21

Q.22

108

Q.23
4 3
A (cose'oj B [O’ ﬁ}

Let the middle point M(h, k)

square & add
4 9
n " a2

16k?2 + 9h? = 4h%k?

16y? + 9x2 = 4x?y?

(2)

y=mxz /(a® + b2)m? + b2
(D)

y=mxt Ja2m? +(a + b?)

Q.24
=1

Eq" (1) and (2) are same
(@+b)m+p2=a2m?+a+Db?
m=a/b’=m=+alb
=>by=ax+

(2)

a* +b* + a%b?

a’x  b?ya

Equation of normal ———
ae

5 = @-v

ax
—_ = _h2
. ~W 2-Db
X —ey = ae?

(3)

gcos¢+ %Sind):l ...... D

X2+y2=g
axcosp + ay sing = &
XCosp + ysing = a

gcosd) + %gnd) =1 ... (2)

Solving (1)and (2) y=0 Q.25
(4)
3x?+5x2=15
2 2
X_ + y_ =1
5 3
Equation of director circle.
x2+y?=5+3=8
clearly (2, 2) lieson it

Q.26

T
here £0=—
ere >

(2)
ax secH — by cosecd = & — b?
aseco 5

slope = b coseco - 3

seco _
coseco

Y

=1 = —

tand = 0 2
(3)

P(a cosd, b sin 6)
Normal at P ; ax seco — by cosec = a2 — b?

2 .2

a“-b

0
F{asece ]

Let mid point of PR is M(h, k)

2 .2
_a’-b + acosd
aseco
© 2ha L
cosD =——5 5
222 — b2 (1
2k=bsin®
2
in0=— (2
=sino b 2

TN
a

Q

(1

Square & odd
4h%a? 4k? .
(2a2 b2 " B2
—4a2x2 4" 1 Elli
(2a2 _ b2)2 + b2 - Ipse
(2)
Ellipse —2x2 + 5y2 = 20, mid point (2, 1)
usingT =S,
2x(2) + 5(y x 1) =20 = 2(2)? + 5(1)2 - 20
4x + 5y =13
(1)
P(acosa, b sin o)
Q (acosa, asin a)
Tangent at Q point
Xcosa +ysinoa =a
SN =|ae(cosa —a)|



Q.3
Q
% EN\N
i Z
T
SP = \/(ae —acosa)? +b?sin?a
= \/aze2 +a% cos? o - 2a%ecos o + b? —b? cos? a
= \/a2 +cos? OL(a2 - bz) —2a%ecosa
=laecosa — g
= SP=SN
Q.27 (1)
Same as Previous Question.
Ans.(A) Isosceles triangle
Q.28 (2
(S,F): (S,F)=b?=3
JEE-ADVANCED Q.4
OBJECTIVE QUESTIONS
Q1 (B)
Equation of ellipse correspoinding to given bridge is
2 2
X y
+ = =1
g 2 (3)2
2
(3.0)
(-9/2,0) w// (9/2,0) Q5
Height of pillar will be y co-ordinat of point on
ellipes having x = 2
@y, _Je5 8
/22 "9 T TYT T3 =3
Q2 (A
Let the fixed lines are co-ordinate axes
from diagramh=b cos 6
b
A (h,k)
a
8)
k=asn® QG
h? k2
= b_2 + a_2 =1— whichiséellipse

Ellipse

(A)

4tanEtanE—
2 2

(s—a)(s—-c) |[(s—a)(s—Db) 1
s(s—h) s(s-c)

4@;1
s

4a 6

— s= 3 4><3 8
but 2s=a+b+c=16

b+c=10
Hence locas is an dllipse having center = (5, 0)
2ae=6and 2a=10

b?=& ae2=25-9=16

Equation of ellipse

2,2
=57 ¥y
25 16

(A)
Given that:

2b?
a

2b?2=a+ab

b?—a? =ab—b?

= (b-a(b+a+b)=0

b=a

= éellipse becomes a circle

(©)

IX+my+n=0 (D

=a+b

T

oo — Bl = >

X o+p . o+p oa-fB
2 cos( > )+%sm[ > j:cos[ > )...(2)
Equation (1) and (2) are same line of chord

cos[a;rﬁj ) Sin[a;Bj i cos[a;Bj =

ar bm _n J2n

(OHBJ‘ al (owr[})_—bm
COos 2 =-— 2n , SN 2 = \/En
a2r? b2m?

Square and add o2 +

n

2n2 =1

a2 + b2m? = 2n2
(A)
2y=x+4

=X42 M—l
y=57e=M=5
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Ellipse

Q.7

Q.8

Q.9

Q.10

110

2 2
X1 Y1 _
T(x1e2,0) a—z +b—2 =1

2

= b?2=3 :>b:i\/§ yzlza_z(az_xlz)
= 1 + 2

P am“ +3

m + PT=\/(x1—X1e2)2+y12 :(1_62) (a2_X12)

1
= 7 T4+ 3 = xE(1-e?? + %
= 4m*+3m*-1=0 b

== a2—x%e2

= m—+l
T2

:%\/a

1
Hencey=— — x-2,2y+x+y=1
y 2 y y r=at+ex; ; rp=a—ex;

(A)

tangent Q.11 (D)
Ty . Point of intersection at tangent at point having
— oS 2 *p SN 2° 1 eccentricangle‘a’ & ‘B’ is
1 J2ab acos(m]
Pl = = 2
L, 1 i heTasp
2a2 2b2 Cos(zj
Normal
r_ T2 w2 (o +PB
ax sec - by cos 2 2-b bsm(z
_ a2 - b2 k= Cos(a‘z_l}j

o+ f = constant (let k)

(a® —b*)ab h a
— Area=pp,= o >80 h_
172 a2 + b2 hence K = btank
© hence locus is straight line.

ax sec 0 — by cosec 0 = &2 — b?

2 2 2 2 Q 12 (B)
a“—b —a“-b .
Q= cos6,0| r=|0 sin® Equation of chord of contact at A(4, 3)
= a = 1 b

Xy
mid Pt. is (h, k) Z+§:1
2 _ K12 a2 12
h= a’-b cose,k:Msine -
2a 2b Slope of line EF is T
1-b? Equation of EF, (EF istangent of ellipse)
€= > =e
© a y=mx + va’m? + b?
Locus of point ‘A" will be director circle at given -3 9
ellipse y= —X+,/16-—+9
hence x2 + y2 = & + b? 4 16
(©) _3
Equation of normal at P(x,, y,) y= —X++/18
4
2 2
a’x b
X _2Y e
X1 Y1



EF, 3x+4y—-44/18 =0

12+12- 418

5

Q.13 (B)

Point P lies on the director circle

= P, Q and the centre of the ellipse are

collinear.

24— 418
5

= equation of PQis2x -y =0]

Q.12 (B)

2+ 2+3\/§cose
h= 5 and

‘o 3+3+3v2cos0

2
(2h — 42+ (2k —6)2 = 18.

Q.13 (O
Standard result
JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A,CD)

By Definition

(A,B,CD)
3x—-3)2+4(y+2?2=C
if C=0 apoaint

if C>0 dlipse

if C<0 nolocus.

(B.D)

2
2ae:£

Q.2

Q.3

on _1+45

2

_45-1

S22

(A,B,C)

(A) Direction circle x> + y? = &+
(B) By definition 2.b = 12

(©)

e

Q.4

(- 0<ex<l

p’=9+5=14

(s—2ae)(s—-a)

tanEtan B = \/(S —2ae)(s—b) \/
2 2

s(s—a)

p

tanEtan’

s(s—h)

Q.6

s—-2ae a+ae—-2ae a-ae 1l-e

s a+ae  a+ae 1+e

X [e+¢j y . [0+9¢ 0-¢
ECOS 2 +Bsm 2 = C0Ss

If it is passes through point (d, 0) on axis

d 0+¢ 9-¢
S 0|5 | =cos |

C&D
d-a 2 2
d+a cos 9-¢ +cos 9+¢
2 2
Zsingsini
_ 2" 2
ZCOSQCOSQ
2 2
tan O tan & = 92
2 2 d+a

0 ae—-a e-1
d=ae=> tan—tan$=——

2 2 ae+a e+l
0 —-ae—a
d=-ae= tan—tan$=—=—
2 2 —ae+a
(A,C)
2X Ek =-3
3=
gk =2x+3
3=
3B (2
Y=1a 82
3 .0
T A0 T 8

e+l
e-1

Ellipse
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Ellipse

Q.7

Q.8

Q.9

Q.10

112

condition of normal

—!az—bz}_n
€= Va? +b%m?
9 [8]m 3
8. lram? Ot M=
solving

A= iﬁ
2
(A,B,CD)
Tangent drawn from points lying on director circle

are mutually perpendicular

2 2

Equation of director circle given ellipse T+ y? =

lisx?2+y2=9
All points (1, 2./2), (242, 1), (2, 4/5), ({5, 2)

lies on it.

(A,CD)
v,[ a b(1+ cos e))
sin9
b v (a, b(1—.cose)]
\ sin®
l\
A e s Ja
icose + y snf =1
a b
y . 0=1 © _ b(1-cos0)
p ST =YE " e
b(1-cos6) b(1+cos6
AV .A'V'= ( - )>< ( - ):bz
sin® Sin©
ZV'SV =90° so V'S'SV isacyclic quadrilaterel
(A,C,D)

(3x2 +2y? -b) (3 + 8 —5) = (3x +2.y.2 — 5)?
6 (3x* + 21y? — 5) = (3x+4y-5)*

Jh?—ab _ (4 +36 _ 12

tand =2 =
a+b 9-4 5
L2
0 =tan \/g
(©)
Equation of circle will be
X2 +y2 = (ag)? (D)
2 2
Xy
—t+—5=1 (2
22 T2 2

Q.11

+— =1
a’ b2
y=2 Jle? =2 (1-H 2a=17
e -¢€ e
a
PM == (1-¢)

Areaof APF F, =30

1
5 (FiFp) x PM =30 F,F, = 2ae

1(2ae)><— 2 —30—17><E
2 1-e7 =95~ 17
e= - FiF,=13

(A)

Eq" of CF

X Yy

_+__1

6 b

F(6,0)

111

6 b
1 N 1
36 p?
=b=52=2b=5
ae==6
e?=1-b?a
> ae? =& -b?= 36=a—-25/4
= & = 169/4

a_E
=a=5

2a=13 = (AB) (CD) =5x 3=65

=1



Comprehension # 1 (Q. No. 16 to 18)

Q.16 (D)
Q.17 (A)
Q.18 (B)
(3x—4y+10]2 25 (4x+3y—15j2 25
— | X —+|——| x— =1
5 2 5 3
_2 e 2
&= o5 = as ?mlnoraX|S—2a— =
3
bZ:—:bzgmajoraxis:Zb:¥

25
2 2 1

= a- — 1-— = ——=
€ \/1_b_2 "3 T V3

centre is point of intersection of
3Xx—4y+10=0, 4x+3y—-15=0

¢4

Comprehension # 2 (Q. No. 19 to 21)

Q.19 (C)
Q.20 (B)
Q.21 (A)

Sol.19 y=mx= \/a2m? + b2
k=mh+.,/32m2 4+ p2

(k=mh)? = & m? + b?
m? (h?— &) —2mhk + k2 —b?=0

(m, =tand, , m, = tano,)

k2_ 2

b
m,m, = m =tanf;tanf, =4

- yz_b2=4:> y_b =4ﬂ
x2 — g2 X—a y+b

ZQAP= /ZPBQ=90°

hence acircle drawn taking 'PQ" as diameter will
passthrough B,A,PQ

.. center will be mid point of PQ

Sol.20

Sol.21 m +m,= h2_ a2

and cotd, + coto, =2
1 N 1
= tano,

tan®,

tan6, + tan6,

= tan6,tanf,

Ellipse

2hk
h? — a2
=2
= k?-b?
h? —a?®
= 2hk =& (k2 —b?)
2xy = (y?—b?)

Comprehension # 3 (Q. No. 22 to 23)
Q.22 (B)

Q.23 (D) (1,2)

1
Sol.22 Area= Iv4x dx
0

=8/3 (1,-2)

Sol.23 Tangent at P
y+x=3
= T(3,0
Normal at P
XxX—-y=-1
= G(-1, 0)

Area= % x2x4=4
Q24 (A)—> (), (B)— (p) (C)—>(s), (D)~ (a)

Sol.  (A) y=mx# a’m? 4 p?

4 / 16 4
= = 18x—+32 - —
y 3xi Xg =y 3Xi8

[N
N

Distance between tangent

~ 16 16x3 48

IR
9

(B)y:_%x+8A(6,0)B(0,8)

1
Area of AAOB= 5 x6x8=24
(C) point of contact
[ a’m b2

) Ja?m? + b2 , Ja?m? + b2
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Ellipse

f i = =
product of coordinates 22mZ 1 b2 o2
3 16
=12 Ea =8=a= 3
4 3 e 2= _
(D) 4x+3y=24/=—m= — s P=E(1-6)
24 24 2
16 1
ix_'_i —1 €+m—l bz:(?j(l_ZJ
24 X" 2477 " 24 o
= b?= ?
Q25 (A)—>(p), (B) > (9), (C) = (p), (D) = (1)
Point P= (5/+/2,3/+2) = b= %
equation of normal at P
= k=8
5x—3y = 8v2 . (i) (D) By definition of elipse
y
\(3,0) NUMERICAL VALUE BASED

C )(3 . W een

1
5 PR PF,=30
- (F,F,)? = PF?+ PF2 = 289 — 120 = 169
pointA{ﬂ,oJ&B:(o,g—ﬁ]. F,F,=13
5 3 Q.2  (85)
- Center of ellipse = (29, 75/2)
Tangent a P: 3x + 5y = 152 .....(ii) foot of perpendicular from focii
Point T = (5\/5 0) check the options. lie on auxnlary_ N rcle_
equaton of auxillary circle
Q.26 (A)—(a), (B) = (r), (C) = (9), (D) = (a) (X — 29)2 + (y — 75/2) = &2
2 2 .
A) X_+y_ -1 { (9,0) foot of perpendicular
16 25 2a=85.
Q.3  (65)
e= 1_E =§ ae=6
V" 25 5 b? + 36 = (b + 4)2
3 36=16+8b
be= —x5=3
5 )
220 2.6 _32_dk 2o
b 5 5 5 -
k=8 c
X2y
(B) Any pont of ellipse —+=—=1is i
6 2 A BT F B
(\/E c0s6,+/2 sin e) &/
D
distance from origin \/gcos2 0 + sin2@ = 2
1 1 g, 25 _ 169
:co§e=5:>cose=\/§ 4 4
13
a -2
(C)ae-_ =8 =7

(2a) (2b) = 65
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Q.4

Q.5
Q.6

Q.7

(24)

2 2
X + y_:1a<b
18 32

Tangent Equation slope form
X=my + /a?m? 4 p?

SIoe—i— i:m—§
P 773 "4

3 9
-_> 32| — |+18
=29 (wJ

4x +3y =24
X y
_+_:1
6 8

Intercept on axisis 6 and 8

1
So areaof A CAB = — x 6 x 8 =24 7. units.

2

(7)
Property f=a+b=4+3=7

(2)
2a=10=a=5; 2b=8 = h=4

[ B2
e=41-—5 =35
a2

Focus (£ ae, 0)
= (3, 0)

r

1
N

r=5-3=2
=>r=2

(16)
X2+9y?—4x+6y+4=0

L, (y+1/37
(x-2)2+ 1/9 =1

Letx—2=cosO =x=2+cos0

+l—lsine —l+—sine
yr3 T3 ent=yET3 T3
Z=4x -9y

—l+lsin6
4(2 + cosb) — 9 373

=11+4cos® —3sn0
Z . =11+5=16

Q.8

Q.9

Q.10

Ellipse

(186)

Equation of parabola,
(x=3)?=k (y+11)
which is passing through

{(3,-11)

(7,4) = k=16/7

oo 16y =7(x —3)2-176
= a+h+k=186

(19)

Point P = (v2,1/42]

shifting the ellipse by leting the origin at (1/2,1/+/2)
(x+\/§)2 +4(y+1/\/§)2 =4

= X2+ 4y2 + 24/2 x + 8\/§y:0 ...()
LetthelineAB /x+my =1 (2
Homozining (1) with (2) & asthe angle between the
chords is 90° so coff. of x? + coff. of y? =0

= 220+ 4/2m=-5 ..(3)

using (2) & (3) (‘—5x-1) +m(y—2x)=0

22
(4)

which showsafamily of line & passesthrough afixed
point which is point of intersection of two line A.

22 a2
= X=—— & y= ——
5 5
. 2J2 3V2 32
anXx=——— — =— &y=
= 5 V2 5 10
a2+b2:i = at+b=19
10
(17)
AB=2bsin®
AC=AB/2
= b%sin?0 = &2(1 — cosh)?
16 2cos6

= 15 1+cos0

A(acos6, bsing)

C

-
NIV

(acos6,—bsin6)
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Ellipse

KVPY

sine—E&b—ﬁ

- T 17 5
soAB—@
T 17

PREVIOUS YEAR'S

Q.1

Q.2

Q.3

116

(B)

. xX: y
[ —+1 =1
elipse T

XcosO  ysind
Any tangent T+T:1

; . 3 b1
yintercept=5=sin6 = g : ee(a,nj

pe
—> CO0sS = 5

X,y
tangent = —§+§=1 = slope=1

©
ex? + my? — 2e’X — 2n?y + € + 1 = e
e(x* —2ex + &) + m (y? - 2ny + n°) = e

o s
T e

@=n= a=+n n>e
PS, +PS,=2a Magor axisis|| ot axis
PS, + PS,= 2Jn

(A)

4x2+9y2—-8x —36y +15=0

4(x2 - 2x) + 9(y? —4y) =15

4x*—2x+1) + 9y’ —4y +4) =-15+4+ 36

4(x —1)2+9(y —2)2=25
X—l2 y—2l
ST
3 G
X2-2x+y?—-4y +5
(x—1)*+(y - 2)°

i 25
minof ((x —1)2+ (y —2)%= S

25
max of (x —1)2+ (y—2)?) = 5

Q4

Q.5

"9 4 36
(D)

Ny
BKN )
[ A

(0, )

2 2

Xy
Let elllpse¥+F:1

and circle x? +(y +b)* = r2

2,,2
put x2=a2—ab)2/

a2y2

incircea® - = +(y+b)? =12

2
= (1—%Jy2+2by+(a2+b2—r2) =0

4

a’—-b?

2
= b=a /1_a_2
r
a2
Area = A = nab = na? 1-=
r

dA
—=0= =
da 3 3

D:0:>r2:

A'S =SS =SA

2ae=a—ae

3ae=a

e=1/3

, D1 b8
a2 9 az 9

{let radius=r}



Q.6

Q.7

Q.8

8 8 Q-g

(B)

X C0sO N ysin® _

1
3 2 _ _
xcos _ysinf _, X =3sec0,y =0
3 2
—xcose+ ysin® 1
3 2
—XcosO ysino 1
3 2
X =0,y = 2cosd

12 24
sinBcosd  sin20

area = 4. %SSine.Zcose =

C.min. area= 24

Ellipse

(€)
b b

—x—=-1
-ae a

= b?=2ak

= d(l-¢) =2
= e&+e-1=0

_—1+\/§

C(0, b)

B
(e, 0)

MNE

B
(-2 0)

7

(D) JEE MAIN
bsin0—b b(sin6-1 PREVIOUS YEAR'S
AB ™ acoso a( cosf j V3 Q1 (1
y
F 0P *
c acos 0, bsin 6 \
y-b=_-_/3(x-0)
o+b =+/32
— - X
b? = 3afe’= & (I - &) Homogenise Ellipse w.r.t. line, 5 + % = (X+y)?
1
:>4e2:1:>e:5 X2 + 2y2 = 2x2 + 2y + 4xy
A = X2+4xy=0
©)
n for the parabola; =0 v= >
verter A (0,0) D EC = Y=7
Four F: (o, k) E
end point of latus rectum: Al (0,0 . angle between these line is L tan? (—]
Length of BC = 4k; J 2 4
BD =DE=EC Q.2 (3)
4k . 2 2
AndBD+DE+EC:? ....... )] - XY 4
. . . 9 4
So Major Axis of ellipse = 2AF = 2x
31
. . . 4K C:ix2+y? ===
minor Axis of Ellipse = DE = 3 Y 4

Eccetricity = C = 1_b_2

equation of tangent to ellipse

y=mxtyox+4 (i)

equation of tangent to circle
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Ellipse

Q.3

Q.4

Q.5
Q.6
Q.7
Q.8
Q.9
Q.10

118

y=mx+ 32, 3t
4 4

Comparing equation (i) & (ii)

2
Om?+4= sim +3—1

4
= 36m*+16=31m?+31
= 5m’=15
=>nm=3
(1)
y2 = 3x2

and x2+y?=4b
Solve both we get
sox?*=b

x? 3x?
_+_2:
16 b

b 3
—t—=
16 b
b2—-16b +48=0

(b—12) (b—4) =0
b=12,b>4

1

3

Equation of tangent be

xcos(9+y.5|n6=l 0ec O,E
3/3 1 : 2

intercept on x-axis

OA = 3./35c0

intercept on y-axis

OB = cosecH

Now, sum of intercept

= 3./2 sech + cosecO = f(6) let

f'(8) = 3 /= secbtand — cosecbcot

_ 5 /3.5N6 _ cos®
cos’0 sin?0
coso .3\/§{tan39—i}=0:>9=—
= sin’6 3.3
@‘l' @1\
N
0=%
—ato= % £f(6) is minimum
(1)
(3
(1)
(3
(3
(1)

Q.11 (2
Q.12 (3)
Q.13 (3
Q.14 (2
Q.15 (1)
Q.16 (1)
Q.17 (15)
JEE-ADVANCED
PREVIOUS YEAR’'S
Q1 (O
Let required ellipse is
2 2
Xy
E2 ¥+b—2:1
It passes thorugh (0, 4)
16
0+ b2 =1
L
(73'2).:: - 2 N ."“-(3'72)
AR 9 3 X
s _2)'. - ST IS :.:(31_2)
= hb*=16
It also passes through (£3, £2)
9 4
P
9.1,
a? 4
9.3
a’? 4
S>a&=bh(1-¢)
12
6 - — €
12 4 1
=116 162
oo L
)
Q2 (AQ




1
Let equation of common tangent isy = MX+—

m
0+0+%

= — = m'+m*-2=0=>m=+
Viem? | V2

Equation of common tangentsarey =
X —1point Qis (-1, 0)

x+landy=-

2 2

. Equation of ellipseis T+%=1

1 1 2h?
A) e=,[1--=—= andLR —=1
( ) 2 \/7an a

\ Y
©) (1’0)<%(1 e

x=1/ 2
Area?2.
1
fi-\/l— = [ V1- sm x}
Nz V2 Y2

= 2{%—&%)%@(%—%}2;;

correct answer are (A) and (D)

Q.3

Q.4

Ellipse
(A)
y2=4)x, P(L, 2))
Slope of the tangent to the parabola at point P
dy ﬂ a
dx 2y 2X2\
Slope of the tangent to the ellipse at P

2x  2yy'
A
As tangents are perpendicular y' = -1

2 4n a 1

=0

@ 0T 2
hi
2

(4)

1
NG

0.3,

(=4, 0) 4,0) X

0, -3)

A and B be midpoints of segment PQ and PQ’ respec-
tively

. 1 )
AB=distance between M(PQ) and M(PQ’) = > QQ

Since, Q,Q' must beon E, so,
maximum of QQ'=8

. 8
-, Maximum ofAB:§=4
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Hyperbola

| EXERCISES-1 |

Q1 (1) Sirectriy i Xt a2 0
irectrix is, \/a2+b2 Jora= X713
b? , a’+b? o
e= 1+—2 = € = > Q ( )
a a )
2y-1)
x-2)2+(y-1)2=4 XY=
N R T N AU
= - o> 8= = )
b’ b2 e € ,
0.2 (1) = Hx“+y° —-4x-2y+5]
Conjugate axis is 5 and distance between foci = 13 = 4x? + 4y® + 1+ 4xy — 2X — 4y]
= 2b=5and 2ae = 13.
Now, also we know for hyperbola = x? —11y2 —16xy —12x + 6y +21=0
2 _ 2.2 E_Q(QZ_D QF W
b®=a%(e"-) = =7, 2 The equation is (x —0)2 + (y — 0) = a°.
9 3
o _109 109 2 169 13 : I(f) 2x + ). istangent to given hyperabola, th
—=—————F o e =" e=— =2X is tangent to given hyperabo en
5 2 2
or a:6,b:5 or hyperbolais %—#:1 A =+ya?m? —b? = +,/(100) (4) - 144 = ++/256 = +16
Q.10 (1)
= 25x° —144y2 =900. Suppose point of contact be (h, k), then tangent is
Q.3 3 hx—4ky-5=0=3x-4y-5=0o0or h=3k=1
Vertices (£4,0)=(+a,0) = a=4 Hence the point of contact is (3, 1).
6 3 Q11 (1)
Foci (+6,0)= (xae0) = e=Z=E 2 y2
Tangent to ——-=—=1 and perpendicular to
Q4 (3 1 3
(4x+8)2 = (y—2)% =-44+64-4 X+3y—2=0 isgivenby
= 16 16 Q.12 (2
Transverse and conjugate axesarey = 2, x= -2 Xcosa + ysina = p= Y = —Coto. X + pcoseca
Q.5 (3) 2 2
. . Xy
Foci (0+4) =(0+be)= be=4 It is tangent to the hyperbola Z
a
Vertices (0,£2) = (0,2b) =>b=2=a=2y3
(022)=( )2:> 2: V3 Therefore, p2cosec?a = a2 cot? o — b?
LT y _
Hence equation is Wﬂ“w—lor = a?cos?a—b?sin?q = p?
13 3
2 Q13 (3)
AN — 2 2
4 12 : Y
Equation of normal to hyperbola — - =1 at
Q.6 (1) q yp 2 b2
a
Directrix of hyperbola X =—, 2 2
€ (asech,btan®) is ax ﬂ=a2+b2
asecO btand
3 b? +a? _\/b2+a2
where a2 a
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Q.14

Q.15

Q.16

Q.17

(1)

Any norma to the hyperbolais
i.}r i = a2 + b2
secH  tan6
Butitisgivenby Ix+my-n=0 ... (i)
Comparing (i) and (ii), we get

sece_z(—_nj tane_ﬁ(—_nj
I\a? + p? and m\ a2 4 p2

Hence eliminating 0, get

a2 b2 B (a2+b2)2
12 m2 a2

(4)

Applying the formula, the required normal is

16x 9y .
—+——=16+9i.e, [ay —
8 3\/5 2X+4/3y =25

Trick : Thisis the only equation among the given

options at which the point (8,34/3) is located.

(2)
We know that the equation of the normal of the conic

TAD A

2 2
a? b

point (asecf,btand) is

axsecH + bycoto = a? +b?

—-a. a’ + b?
or y=—snox+
b bcot6

Comparing above

. . . 2 :
equation with equation y =mx+ 8 and taking
a=4b=3.

2 12
a®+b® 253 .
oot -3 = tand =+/3= 0 =60
a. 4. -4 3 -2
m=-—-8n0=—sn60° =— x—=—
and b 3 3 2 3
(2)
The equation of chord of contact at point (h,k) is
xh—yk=9

Comparingwith x =9, wehave h=1,k=0
Hence equation of pair of tangent at point (1,0) is

S5 =T?
=>(X2-y?-9)(1?-0°-9) =(x-9)?
= —8x%+8y’+72=x%-18x+81

= 9x%-8y?-18x+9=0

Q.18

Q.19

Q.20

Q.21

Hyperbola
(1)
Tangentto y?=8x= Y= x+—

2 2

Tangent to XT—y?=13y=me_r m? -3

On comparing, we get
m= 4 2ortangentas2xty+1=0 .

(2)
According to question, S=25x? —16y? —400=0
Equation of required chordis S; =T ... 0)

Here, S, = 25(5)% —16(3)2 - 400
=625-144-400 =81
and T = 25xx; —16yy, — 400, where x; =5,y; =3
= 25(x)(5) —16(y)(3) — 400 = 125x — 48y — 400
So from (i), required chord is
125x — 48y — 400 = 81 or 125x — 48y = 481.
(4)

Given, equation of hyperbola

2x2 +5xy+2y? +4x+5y=0 and equation of

asymptotes 2x2+5xy+2y2+4x+5y+k:O

..... (i), whichisthe equation of apair of straight lines.
We know that the standard equation of a pair of
straight lines is

ax? + 2hxy + by? + 2gx + 2fy + ¢ = 0.
Comparing equation (i) with standard equation, we

5 5
get a=2,b=2, hZE,QZZ,fZE and c=)\.
We also know that the condition for a pair of straight
linesis abc+ 2fgh—af 2 —bg? —ch? =0.

Therefore 4A+ 25—%—8—%7» =0

9. 9 _
or —T+E=0 or ) =2 . Substituting value of 3

in equation (i), we get
2x2 +5xy + 2y% + 4x + 5y + 2 =0.
(2)

2

a .
2 _ - Here, co-ordinates of focus are

xy:czas C

(aecos45°,aesin45°) = (c\/E , c\/E) )
{-e= J2.,a= c\/E}

Similarly other focus is (—cﬁ,—cﬁ)

Note : Students should remember this question as a
fact.
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Hyperbola

Q22 (4) JEE-MAIN
Since it is a rectangular hyperbola, therefore OBJECTIVE QUESTIONS
eccentricity ¢ =2 . Q1 (2
23 (3 Ye-i2 Given hyperbola
Q23 (3 (X —2)2—(y —2)? = —16
Multiplying both, we get x?-y?=a%. This is Rectangular hyperbola
equation of rectangular hyperbolaas 3=t . Loe= 2.
Q24 (2 Q2 (3 o ,
Tangent a (asech,btan) is, If e & e, are eccentircities of two conjugate
hyperbolas
X y
- =1 1 1
(a/secO) (b/tand) O then = +— =1
a b €1 €
=1 -1 e, = seco & €, = coseco

secO tan® .
. 3 3
= a=secO b=tanoor (g b)lieson x2—y? =1 Q (3)

Q25 (4 2b*

L =8 (D)

Since eccentricity of rectangular hyperbolais /2 .
Q.26 (3) 2ae

Since the general equation of second degree and 2b= 2 ~(2)
represents arectangular hyperbola, if A =0, h? > ab b?
L ) - - ade=1+ — .. (3
and coefficient of x>+ coefficient of y?=0. Therefore a2
the given equation represents arectangular hyperbola, )
if A+5=0i.e., A=-5
' by (2), (2), (3 e= —= Ans.
027 (4 y (1), . 3 7
Distance between directrices = = e @
- Distance between directrices = —.
' e J3x-y-4/3 k=0 ..(2)
-+ Eccentricity of rectangular hyperbola — /2 J3kx+ky—-4.3 =0 ..(2
2a Solve (1) and (2)
.. Distance between directrics Zﬁ . 4K . 2\/5(1 _Kk2)
X=2 . andy = B —
2a
Giventhat, = =10= 23 _10,2 2 2 2 2
, V2 , X Y 45 X——y—:lHyperboIa
Now, distance between foci 4 12 16 48
= 286 = (10V2) (V2) = 20. Q.5 (1)2
3 9
Q.28 (2) &:S;ezﬁ 3b2:4a;e2:§
Eccentricity of rectangular hyperbolais,/2. a
Q.29 (3)Itisobvious. 1+ b> 9 b> 4
2 2 - — ==
Q.30 (2) Let equation of circleis x?+y? =a? a® 5 a® 5
= a=5= b’=20
c
Parametric form of xy=c?> are X=Ct, y=— 2 2
Ve i Hyp. 2= - X =12 4¢-5y2=100
25 20
2
2.2 C 2 Q.6 (3)
ST+ =a =t @t +c? =0 C(o, 0) A (4,0)
z At
Product of roots will be, tttst, =%=1 A
= a=4 ae=6
b2
2 =36 = & |1 7|=36
= b?=36-16 = b?=20
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Q.7

Q.8

Q.9

Q.10

X2 y2 i ,
Hyp. X2 —Y" 21 or 5x2—4y2=80
b 16 " 20 4
(1)

F,(6, 5)
>
4

FlFZ =2ae
point

F,(-4, 5)

e=
Centre of hyp. is the mid
of FF,=(1,5)

25
5] =%

2ae =10

= ae=b= =25 = az[

Q.11
= &=16 =>b*=9

(x-2% (y-5)* _
Hyp. - =1
TS 9

(2)
Centre of hyp. will be
10+0

mid point of A, & A, = (Toj = (5, 0) & check
options
(3)
2a=7=a= ’

=/= a= >
L et the Equation of hyp.

passes through (5, —2)

a2 p? "~

25 4

_1:—
a? b2

Q.12

1 29 Q.13
”_ _ % _ 196
b? = 5 = = —

2 2
Equation A5
49 196
(2)
xX2—y?sec?a =5
x2 y2
—-—— 5 =1l-¢
5 5co0s” a
2
=1+ 299570 o L oo (1)
5

Hyperbola

X2 y2
5 ti==1->p¢
25c0s“ a 25

25c0s? a
g=1- ——— =1-cos’a
25
elz \/§ eZ
e’=3e?
1 + cos’a. = 3 — 3 cosa
4cos? o = 2
1 n
coso = ﬁ: o= 2

(1)

If they intersect at right angles then circle will pass
through its focus

Circle will be

x> +y? = (OF)?

X +y2= (|5 )
x*+y>=(,/5)?;F (e 0)e= |5
x> +y?=5;F/(45,0)

(1)

J2°sec0 + P tan® =6
=1+2tan®0 =3

.. 0 = n/4 for first quadrant
(4)

0 =30°
btan6

= tan 30°
asecoO
b .1
gsme—\/g

A(a sec,b tano)

o]

N Le
/

B
(a seco,-b tane)
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Hyperbola

1 m=1= m==+1

b
a  ~3sin6 y=tXt /52 _p2
b? 1 Q17 (4
e=1+ 7z =1+ 3sin2 0 Locus of the feet of the 1" drawn from any focus of
the the hyp. upon any tangent isits auxilary circle
1
e>1+ = x2 y?
3 = 2 =
Hyp. T [1j 1
o> % 16 9
3
1
Q.14 (1) Auxiliary circlex? + y? = 16
4x%2 —9y? = 36
Q.18 (1)
X2 y? 4 Tangent to the parabola
° 4 = + 2 1
BX + 2y —10=0 Y= ~(D)
_5 T angent to the Hyp.
m=- y=mx+ Jm2 _3 (2
2 2
m=— -7
5 (1) and (2) are same l—m 23
Equation of tangent y =m'x £ [aZ(m')Z_bZ M -3m*—4=0=> m*=4= m=%2
From(1)2x+y+1=0
) 2 Q.19 (3)
yzgxi QXE—16 by T=S, weget 5x + 3y = 16
Q.20 (1)
=T+ V-ve sonot possible 3xh — 2yk + 2(x + h) — 3(y + k)
= 3h? - 2k? + 4h — 6k
Q15 (4) = X(3h + 2) + y(~2k — 3) = 3h? — 2k?+ 2h — 3k
(12\/5) lies on director circle If is parallel toy = 2x
x* y? Ch+2) L ax—ay=ana
= _ 2 =1 2 2 — —ZL2=>oX—-4y = ns.
of 5 T 16 liex?+y?=9 (2k +3)
.. Required angle =/2 Q21 (2
Q.16 (3) X2y .
2 2 16 9
2 b2 =1 Let the point Ris (h, k)
So the equation of chord of contact.
Tangent

R(h,k)
X
Y 1 2 1)

y=mx * \/m
2

(1) and (2) are same

1 1 +Va'm?-b? hx  ky
171 a2 _p’m? 6 9 -
& —

b2 m? = @m? —b?
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Q.22

Q.23

Q.24

Q.25

It passes through (2, 1) 2h_k

h k_,
8 9
so locus of Ris9x — 8y = 72

(2)

25 X1
Slope of the chord = 16 X Vi
-2 . 6_17
T 16 0 2 16
Equation of chord passing through (6, 2)

75
y-2=15 x-6)

16y — 32 = 75x — 450
75x — 16y = 418

(1)

Let pair of asymptotes be
xy—xh—-yk+A=0

..(2)

where A : constant

.. for (1) represents pair of straight line A = hk

. Asymptotes x—k=0,y—-h=0
(1)

2X2+5xy +2y?+4x +5y =0

S0 equation of asymptotesis
2X2+5xy +2y?+4x +5y+¢c=0
it represents a pair of st. line

=
Q - o
- T =
O -+ @
1]
o
N N[O N
N N No
o NloN

after solving the determinant ¢ =2
combined equation of asymptotes.
2X2+5xy + 2y?+4x + 5y +2=0
(1)

Hyp.xy —3x—-2y =0

f(X,y) =xy —3x -2y

SX =¥=
S_f_ _
5y =0 => x=2 Centre (2, 3)

Asy.xy—3x -2y +C=0
will pass through (2, 3)
C=6
Xy—-3x—-2y+6=0
(y-3)(x-2=0
x—-2=0,y-3=0

o ——— =1
1

Q.26

Q.27

Q.28

Q.29

(4)

Let the circle on which

P Q,R, Sliebe
X2+y?+29x+2fy+C =0

c
How let (Ct, Tj lie on it

= '+ 2gct® + Ct* + 2fct+ > =0

Hyperbola

where t, t,, t, t, represents the parameters for P, Q,

R,S
Lttt =1
also since orthocentre of APQR be

—C
{ o CtltztaJ = (X, —Y,)

4t,ts

(1)

tl ! t2 ! t3

the n orthocentre be

-c
H »—Clilots | which lies on xy= c?
1tots

(1)

Curvexy =c?
) c ) . C
Point P (ct, T) Point Q (ct', ?)

Equation of normal xt3—yt = c(t* —1)

C

Point Q satisfy the equation ct't® — "

2 e—t=t(t —1)
P+t —t—tt4=0
SUER+1) —t(1+ ) =0

) — ! - 1
t—tort——t—3

1
so only possibility ’:—t—s
(1)
by T=S
xk+yh X 'y

> =hk = h + K =2

Soom= +%

=k+mh =0
=>y+mx=0

t=c(t*-1)
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Hyperbola

Q.30 (2

-1
Slope of tangent at P = t_2

So slope of normal = t2

P(ct,clt)

Q(et,, clt)

c C

t t
=
(Ctl - Ct)

-1
Tyt
tt,=-1
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (O
CA-r =t
CB-r,=r
CA-CB=r-r,=k
CA-CB=k
= Locus of C will be hyperbola.

t2

B(a,b)
Q2 (A

2 2
X
Xy
a b

b2  a®+b?
e2:1+—: 3

a a
y2 X2 4 2_1 a2 b2+a2
b a - 1(e’)_ +b2 b2
1+ 1 @ . b>  a’+b®
e2  (€)® " a?+b?  b2+a? a?+b?

Sothepointlieonx?2+y2=1

Q3 (O
9x2 —16y2—18x + 32y —151=0
9(x2—-2x) —16 (y2—2y) —-151=0

9(x2—2x+1)—9—16(y2 -2y + 1) + 16 - 151 =0

126

Q4

Q.5

9(x — 1)2 — 16 (y — 1) = 144

(x-1° (y-1° (x=0*_(v-9° _,

_ =1
144 144 = 16 9
9 16
b2
((TA)=2a=8 eZ=1+—2
a
e—E
—e7
/(LR) = 2" _2:9 _9
Ta 4 T2
16
Direc'[riesx—1=i andx—lz_g
H
X 2 X = E
=7 =- 3
(B)
O/T N
Equation of tangent at P (0)
xsecH ytan6
a b
T (acosb, 0), N (asec 0, 0)
OT.ON=|acos0||asecO|=a
(A)
2 2
X
i =1
a b
tangent at point P (a sec6, b tand)
xsec® ytan6 _ X y

= + =
a b Lor acos (—bcotd)

Point A(acos, 0), B(0, — b cotd)
Cordinate of point P is
(h, k) = (acos, — b cotb)

h k
cosO = —, coth =— —
a b

__h Kk
coto = 22 =~ b



Q.6

Q.7

Q.8

h? k?

a?—h? b2
a’ b2
(e
So locus is
a? b
X2 y2 " !

(D)

Equation of chord of contact from P (x,, y,)

XX YY1
2 " p - 1 1)
- XX Yy
similarly from Q (x, y,), a_22 - b_22 =1
(2)
Product of slopes = -1
X1 X2 a*

= Yi¥2 © b*

(©)

Let M (h, k)

Chord with given mid point (h, k)
hx ky h? k2

T2513 a_z—b_2=a—2—b—2

ha kWK

@B = 2= 2 =73
2 2

y2 B

b_z_b_z 4b2 T gp2 |70

[ jz (z_ﬁ) _a® B
a 2a b 2b) T 432 = 4b?

[0
Centre will be (E%} And Hyperbola
(D)

2 2
LN AR

cos?a sina
locus of perpendicular tangents

Q.9

Q.10

Q.11

(Director circle) x2 +y?2 =& —b?
X2 + y2 = coSa — Sina. = coS2a

But 0<a < —
47

Y
cosh < x?2+y2< cosz

O<x?+y?<1

So there are infinite points.

(A)

Let P(a cosd, a sinb)

Equation of QR (c.o.c.w.rt.pp T=0
xcosf—-ysinb=a..(1)
adT=§;

hx —ky =h2—-k2 ..(2)

(1) and (2) are same

XZ_ Z:aZ
Y=

R
P
m (x.k)

cos® _sinf _ a

h =~ k ~h?-k?
square & add
(P-y?)2=2a (x*+y?)

(D)
Let the point (asec 0, b tan 0)

Yy
b
Pol of asymptotes and Eq" (1)

A[2a (secH + tand), 2b (seco + tan0)
B[2a (seco — tan0), —2b (secO — tano)

C.O.C.: gsece— tand =2....(1)

1
Areaof Triangle OAB = 3 (8ab) = 4ab
(A)
_4
y ax
P
0 A(a, 0)
Q
_by
=3
2 2
X"y
22 1
a b

Hyperbola
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Hyperbola

Q.12

Q.13

128

Let the any
point be (a, 0)
P(a, b), Q (a —b)
PQ=2b
OA=a

1
Areaof AOPA = 5 xax2b=ab
= ab=a2tan)

b
— —tank

\f = J1+tan?n =Sech

©
P(a, 0) ; Q(a, b)

Let M (h, k)
2h=2a = h=a
SR
//\0
R
P(a, 0)
b
=2
hY (k)L
a) \b) "7 4
2 2
Xy _3 _3
2 b2 4 Pk
(D)
Xy = c?
Let the point is (x,, y,) SOX,y, =¢?
slope of tangent at (x,, y,) y':—%
1

Equation of tangent (y —y,) =— Y1 (x=x)
X

1

X .y
2X1 2y, -1

Foot of perpendicular from origin (0, 0)

x—0 _y-0 _ -1+0+0
e T B U
2%, v, a2 av?
1 2y, 4x; 4y

Q.14

and

Q.15

1
24 ) 22><1yf2
i1 1) XN
4\ x{ yi
_ 2y1x§
X§ +y7
So h= 2x,y5 _ 2y, X5
xg+y: (4 +y5)
ax3y3 4c®
hK= "3 5% = 753 ()

(xf +yD)? ~ (xF +y5)’

4Xl Y1 (X1 +y1)

h? + k>=
(Xl +y1)
(h2 + kZ) —_ L
(x§ +yi)
4ct

2 2 -
(Xl +yl) - (h2+k2)
Put the value in equation (i)

6

4c
hk = 3
16¢c

4c?hk = (h? + k?)?
So locus is
(X* +y?)? = 4cxy

X (h2 + k2)2

(B)
Let P(ct,, c/t)), Q (ct,, c/t)), R(ct,, c/t;) and S(ct,,
clit,)
by Mpg - Mg =—1
> tttt=-1
1 1 1 1

2 =1

XMae= 2 X 5 X 5
s 2 X2 2 X2

Mep %

(D)

Meo X

Mid point of PN is ( ZtJ

Let it be (h, k)

bt
P t
\ N (ct, 0)




Q.16

Q.17

.18
2 Q

hk = —
2
2

= locusxy = 07 Hyperbola.

(D)

On solving

Xy = c2with

circle

X2+y?+2g9x +2fy + A =0
4 2

24 & -
x+X2 +20x + +A=0

X4+ 20x3 + Ax2+ 2fcx +c*d=0

(X, ¥4
(X2 ¥2)

RN |9
(% 5 ¥s)

ZX1=—29
D X%, =

and again by eleminating x from equation of circle
and hyperbolawe have
= y*+2fy3 +Ay?+2gc2y+c*=0

LY y=-2A
Zhyz =X

Now CP? + CQ? + CR? + CS?
PR TSI
= (le)z +(Zyl)2 - Z(Z X1X2 +Z ylyZ)

= A+ 4f2—4)

Q.19

= 4r

(A)

Let P(ct,, c/t,) Q (cty, Clt,)
c_c
t, 4 -1

Mo =—2 1 _
PO oty —ty)  tat2

©
Equation of tangent to xy = ¢?
C. .
a (ct, T) is
c._ 1
(- " )=-— 2 (x—ct)

B 2
X, =2cty, = T

c
and normal (y — T) =t2(x —ct)

C

— — - 3 ¢
Xz—Ct— t3 ,y2——Ct +T

X1 X, +Y;Y,=0

(©)
Tangent at P

X
ry +ty=2c (D)
Normal at P

y— % =xt2—ctd ...(2)
T (2ct,0); T (0, 2c/t)

Nict-S 0] N [0S —ct®
t3 t

1 ¢ c
A=Areacf APNT = o x - {2ct—ct+t—3}

2

A= (t*+1)

2t
A =Areaof APN'T’

1 2c ¢ 3] 1
- = ———+ct = = 2 (t4
_2xctx{t " }—2C(t+l)

1 1 2
Tt o= 2
A A c

JEE-ADVANCED

C —
Equationy — T~ = T (x—ct
q Y= Ty, o o1
X+tty=c(t, +t)
= X + y
(cty +cty) (C+ CJ

th 4

=1

X
Xp+Xp © (Y1+YZ)=1

MCQ/COMPREHENSION/COLUMN MATCHING

(CD)
Given Hyperbola
9(x?+ 2x + 1) — 16(y? — 2y+ 1)
=151+9-16

(x+D° (-9 _,
-1 9

foci (4, 1), (=6, 1)

Hyperbola

129



Hyperbola

Q.2

Q.3

Q.4

130

(B.C)

A tot oY
symptotesare — =+

2b
a b?
tand = b2 &e=1+—
1—-—
a2
b2
—g—— coto=0 ... 0]
E 1 2 t6 = 0 i
or az——aco =0..... (i)
by (i) & (ii)

B2 o120
(

E) _ +2cotO+v4cot’0+4
a

2

b
Q- + (cotb + coseco)

b2
=1+ a_2 =1 + cot?0 + cosec?0 + 2cotd cosecO

b2
e€=1+ a_2 =1 + cot?0 + cosec?0 + 2 cotd cosecO

€ = 2 cosecO (cotd + cosech)

0 0
€=Sec Or e=COSseC —

2 2

p 1 21
So cos— = — or c

2 e e

(A.D)

Distance between foci = /192 + 52 = /386
Now by PS + S'P = 2a (for ellipse)
(take point P at origin) we get a=19

386

2ae= ,/386 > e= 38

If conic is hyperbola
|PS-PS |=2a=a=6

by 2ae’ = /386
/386

12
(A,B,CD)

2 2
A A (D)
6 7

i.e.a=4,b= 7
_a?-p? _3
=2 = e=7
foci=(xae 0)=(£3,0)
2 2
X
A (2)
(144/25) (81/25)
144 8l
- 2 -
= &= ,b o5
. _2 b9
lea=—,b=¢
2 12
a“+b 5
ce2= az = e—z
foci=(xae 0)=(x3,0)
. 63
solving (1) and (2) weget  y?= >

37

6
=+ — =+ —
=>y=x 5 = X * 5

163\/_j

one of the point of intersection |s( 5' 5

The equation of the asymptote is

Xy
144 81
. . 16
The abscissaof Pis E
lts ordingt b y2 16x16
sordinateis given by ol = 25x144
_, 12
Y==T5
%)
P=15"5

() +(2) =16
= 5 5)

Equation of the auxiliary circle formed on
major axisof ellipsex?+y2=16Pliesonit.



Q.5

Q.6

Q.7

(B,C,D)
As, |cc,—cc, |=|(r+r)—(r+r)]|=
constant where|r, —r,|<c,c,

= locus of Cisahyperbolawithfoci ¢, and
c,i.e, (-4,0) and (4, 0).
Also,2a=|r,-r,|=2 = a=1

22e 8

NOW,e=2—a—§ =4

L

So, b?=1%(42-1)=15
Hence, locus of centre of circleis hyperbola,
whose equation

2 2
SRS

1 15
Now, verify the options.

(8.0
H:J3(x-1)2-y2=-3
C(x=D* P

= H: \/§ _? =1
auxiliary circleis (x —1)?+y?=3
=  xX2+y?-2x-2=0
g

1+— =
3 3

1( 2a®
areaof ALOL' is= E[TJX (be) = &%

= J3e=+/3++/3 5. units

(8,0
ﬁ — ﬁ: 1
3 1
1
Asppy=+[5 X

Q.8

Q.9

Q.10

Hyperbola

AOPQ will be equilateral triangle.

PR=1
0 (/3.0
Q\

/

1
area of AOPQ = 5 %3 x(2) = /3 sU. units

(A,B,C)

Normal at P (0) = P (2sec6 ,2tan 6 )
2XCcosb+2ycotb=8

= XcosO+ycot6=4
G (4secH, 0), g (0, 4 tan 6) and ¢ (0, 0)

PG = \/4sec20+4tan29 =PC=Pg

(A,B,CD)

Let the point is P(t) so equation of normal at thisis
Xt —yt=c(t*-1)

satisfy by (3, 4)

so 3t —4t= /2(t* -1) [Givenxy = 2]

vo e 242 t-1=0

V2

heretttt =—-1

& t1+t2+t3+t4=ﬁ

But in Cartesian from (x,, y,) is

c
X1: Ctl& yl: E
— o =1

c

X XXX, =—C'=—4

ct 4

smilarly y,y,y.y, = titotat, - -1

=—4

+y +y. +y =¢C
AR CAR LR [t1t2t3t4

X, Xt X tx,=c(t +t+t +t,)= /2 (%]:3

(A,B)

Let the point P(x,, y,)
tangent at P

XX, —9yy, =9

X1

x[?] -y(y)=1 (1)
131



Hyperbola

Q.11

Q.12

Q.13

Q.14

132

5 12
[ij + [Ejy= 1 .2

By comparing (1) & (2)
45 12
1719 %17 19
(B.D)

Hyperbola if

h?>ab

> AM>2+A) (-1
=A<2
andD=0=-2[3A—-4]#0 => A =4/3
(AC)

L et tangent given by

Y= mx+vVm? -5

.+ it passes through (2, 8)
(8—2m)?=m?-5
3M?-32m+69=0 = m=3 or 23/3
tangent can be
X-y+2=0

or 23x—-3y—-22=0

(B.D)

X

X2 y2 _

18 9
givenlineis
y=X
slope of tangent
equation is

y=mx=* ya’m?-b? =>y=-x+3

(B.D)

T S
973 ~ V3
= (B) iscorrect
= 0=60°

angle between the two asymptotesis 120°
= acute angleis 60° = (A) is correct

3
C: LLR="=2—- =2
P 3

= (C) iscorrect
D p, = ab(secH +tan0) ab(sec6-tan0)
e Ja?+b? Ja?+b?

7

Q.16
Q.17
Q.18

Sol.16

Sol.17

21,2
a‘b 9.3 9
= S —(sec?O-tan®0) == =
a“+b 12 4
= (D) is incorrect ]
(AD)
2 2
X
|
a b
Asyp.y=x —X
b b
mlz—andmzz—g
b+b
_ ml—mz a g
tand 1+m1m2 b2
a2
2ab 0 a
tand = 7,2 = anE——and—E

0 / b2 0 a? 1
seCc — = ./1+— andsec — = ,/1+— =e= —
2 al d 2 b2 €

Comprehension # 1 (Q. No. 16 to 18)
(B)
(D)
(B)

P(x.y)

P!

T
Q/‘:z\_i\)

(x—-a)(x+a) g
— - =

2
y b?

(NA)NA) a2
(PN)> T p?



Q.19
Q.20
Q.21
Sol.19

Sol.20

Sol.21

Comprehension # 2 (Q. No. 19 to 21)
(D)
(@)
(B)
Let the asymptotesbe2x + 3y + A =0and 3x + 2y +
H=0
Since, asymptotes passes through (1, 2), then
A=—8andpu=-7
Let the equation of hyperbola be
(2x+3y—-8) (x+2y-7)+y=0
(i)
-+ It passes through (5, 3), then
(10+9-8)(15+6-7)+y=0
= 11x14+y=0
Sy =-154
Putting the value of y in Eq. (i), then

(2x+3y—-8) (3x+2y-7)=154

The transverse axis is the bisector of the angle
between asymptotes containing the origin and the
conjugate axis is the other bisector. The bisectors of
the angle between asymptotes are

(3x—4y—1)_+(4x—3y—6)
5 B 5
= (3x—-4y-1)=%(4x—3y—6)
= X+y-5=0andx-y-1=0
Hence, transverse axis and conjugate axisarex +y —
5=0andx-y-1=0

16x? — 25y = 400

x2 y2 Y

52 4

Let P(5 sec ¢, 4 tan ¢) be any point on the hyperbola
(i)
Equation of tangent at Pis

X y _ "
5 sec ¢ — 2 tan ¢ = 1...(ii)

And asymptotes of Eq. (i) are
4
y=4% EX n!
solving Egs. (ii) and (iii), then

X

2 seco ¥
¢5

5 tanp=1

Q.22
Q.23
Q.24
Sol.22

Sol.23

Sol.24

Q.25

Hyperbola

5

orx= (sec¢ = tan¢)

5(sec¢ + tan¢)(secd — tan¢)
- (secd = tand)

then we get

A = [5(sec ¢ + tan ¢), 4(sec ¢ + tan ¢)]

and B = [(5(sec ¢ —tan ¢), — 4(sec ¢ —tan ¢)]
. Areaof AABC

5(secd +tan¢) 4(secd+tan¢) 1
= % 5(secd—-tan¢) -4(secd-tano) 1
0 e 0 ...... 1
1 .
=5 | -20-20]| =20 sq unit
Comprehension # 3 (Q. No. 22 to 24)
(@)
(B)
(A)
PQ-PA=PB-PQ
= QA=BQ

Q ismid paint of AB, Let Q = (h,k)
Equation of chord AB
T=S,
1
3 (xk +yh) = hk

It passes through P (— 1, 2)
locus of Qis2x —y = 2xy

X+1 y-2
cos® _ sin® '
X=rcoso—1, y=2+rsino

Putting it in xy = ¢?

r2 sinbcosb + r(2 cosd —sinb) —2—-c2=0
—(2+CZ) oo
sin0cos 2

2 + ¢+ (PQ sinb)(PQ cosb) = 0
2+ct+(y—-2)(x+1)
Xy+y—-2x+c¢2=0

2 PA+PB

PQ =~ PAPB

Gives 2x —y = 2¢?

PA. PB =

(A)- (@), (B) - (s), (C) - (9), (D) - (9)

(A) y=mx £ \Ja’?m? -b?

y=xt W

~b=0, %1, 2

b can not be zero
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Hyperbola

Q.26

134

... four values are possible

b2
(B) We have, a=3 and P’y =4h?=12

2
Hence, the equation of the hyperbolais X? _Y - 1

2
12
4x? - 3y?=36
(C) The product of the lengths of the perpendiculars
from the two focii on any tangent to the hyperbola

2 2

X ye o

5 "3 1is3
.. 3=k ,hencek=9
(D) Equation of the hyperbola can be written as

X? y?
Eard
where X =x—-3andY =y-2.

sotangentY =X = 25-16

= y=x+20ry=x-4

=1

(A) > (r,1); (B) > (p,9); (C) > (9

(A) 12x2—4y? —24x + 32y —127=0

= 12(x>—2X) —4(y>*—8y) — 127 =0

= 12{(x—1)?-1) - H(y —4)*-16} = 127
= 12(x—1)>—4(y —4)>2=75

2 2
- 12(x-1)" 4y-4) —1
75 75

75 75
=2 —12(e2—1)
=3=¢e-1
=>e&=4
Le=2

5

Forfocix—1=i(§><2j andy—-4=0
= x=1x5andy=4
foci are (— 4, 4) and (6, 4)
(B) 8x2—y?2—64x + 10y + 71 =0
= 8(x*-8x)—(y?—10y) +71=0
= 8{(x—-4)2-16} —{(y—5)?—25} +71=0
= 8(x—-4)2-(y-52=32

(x-47" (y-5° _,
4 32
P2 =4e-1)
8=¢€e-1
s.oe=3
For foci x —4 =% (2% 3)
and y—-5=0
Xx=4+x6andy=5
Foci are (10, 5) and (- 2, 5)
(C) 9x2—16y?>—36x + 96y + 36 =0
= 9(x2—4x)—16(y>—6y) +36=0

(r.©)

=

=
=

(o)

9{(x —2)2—4} —16{(y—3)>—9} +36=0
9(x—2)2-16(y —3)2=—144

L (x=2P (y-3? _
= 16 + 5 =1
16=9(e*-1)

25 = 9¢?

5
e=§

Forfocix—2=0

. [3x2

= x=2andy=3%5

Foci are (2, —2) and (2, 8) ()
(A) = (9), (B) = (p). (C) — (a), (D) — (1)
(A) Let P(x,, y,)

Q.27

Y1
normal y —y, =— X, (x=x)

= XY +HyxX=2xy,
G(2x,, 0) and g(0, 2y,)

G
PG:PC:Pg: X]2_+y]2_=7g
(B) Since x +y = atouches the hyperbola
x2—2y?=18

x? —2 (a—x)? = 18 has equal roots

x? —dax + 18 + 2a2 = 0 has equal roots
1682 -4 (18+2) =0

82-72=0

a=z%3

S |b]=3

(C) By property, orthocentre always lie on rect.
hyperbola

Ax4=16

r=4

(D) Let P(x, y) and here S(a+/2 ,0) and S’ (—a+/2 , 0)

a

V2
SP.SP= 2 |x—%|.ﬁ|x+ %|

=22 —-a&=x2+y2=(CP)?

a
directricesare x = E andx = —

NUMERICAL VALUE BASED

Q1 (M
e = \/1

45/4
+—
45/5



Qz (9

TS

ellipse Q.4

2 2
X Yy _
|

b

<))

2 2
Xy
Hyperbola, F - B_2

2 2
e12: 1_3_2'822: 1+F
and 2ae, = 2Ae,
Also,b=B

b B

0, a_el = Ae,

242 = a2 2 024 a2
ere; =e; —ejex;te Q5

Q3 (1)

N

Xx-0 y-0
cos0  sind
= P(r,cosb, r sing)

Q(r2 cos(g + ej, r, sin(g + GD

Q (,8n0, rcosd)
P & Q lies on Hyperbola

2 2
cos“0 sin“0
rlz( 2 2 le
a b

CP= =r, whereCP=r,

Q.6

Similarly

Hyperbola

2 a2b2
(b® cos? 6 —a? sin? 0)

a’b?

& rZ =
2" (b®sin? 0 —a? cos? )

1 1 b2 — g2 1 1
2t 2 2

2Y2 T Ty T T pr P
(6)
2 yz
Hyp. _Z_b_z =1 Let the point P(a sec 0, b tan 0)
a
A =t Ex
syy==% a
ay—bx=0anday +bx=0
P=p,.-P,
|abtan6—absece| |abtan6+absec6|
_‘ \/a2+b2 ‘ ‘ x/az+b2 ‘
a’b? a2b? 6..(1)
= = =0....
P a® +b? a® +b?
b2 &’ +b?
=1+ — =
a2 a2
= &+ =32 (2

(1) and (2) b2 = 18
= @#=9 = a=3=TA=2a=6

(0)
by H + H' = 2A we get combined eq" of Asymptotes
as

c
A=0= x2+3xy+2y2+2x+3y+(1+§j =0

It represents pair of straight linethenc =10

1 % 1

by 3, 2 3,|=0
13 (1+;j
(77)

Let P(x, y) be any point on the hyperbola
Then by focus directrix property

distance of P from the focus
distance of P from the directrix

=e=3

. ‘ (x+1)2+(y—1)2
" X—y+3 ‘

12 + (-2

=3
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Hyperbola

L et the equation of tangent

2
X—y+3
or (x+1)2+(y—1)2:9-(%] y=mx+ Ja?m? —p?
or 7x2 — 18Xy + 7y? + 50x — 50y + 77 =0 passes through (a., )
Q7 (32 (B — moy)? = e -

— 2 mPa? + B2 — 2map = a&n?—
Tangent to the hyp. xy =- ¢ M2 (02— &) — 2mafp + B2 + b2 = 0

X y
~+ =2 (161) B% +b?
X1 Y1 = =2
m1m2 0(2 _a2
XY, 202 — 28 = B2 + b?
16 1 or  202—-4=p2+3
X + 16y = 32 p? = 202-
A(32,0) Q.11  (0030)
B(0, 2) Tangent on (3sec ¢, 4 tan ¢) is
secd . tang .
B 3 X 2 y=1 .. 0)
giventhat (i)is L to3x+8y—-12=0
) A 4(seco) (=3} _ 1
= 3 | tan¢ 8 )
_1 _ : = ¢ =30°
Area= 5 x 2 x 32 =32 Sq. unit Q.12  (0025)
Q.8 (10) P is (3seco, 4 tano)

It is clear from the diagram distance

X
TangentatPisE sece—%tanezl

X
? It meets4x -3y =0 i.e. 3= mQ

/(5,0) o is[ 3 4 ]

secH—tanf’ secH—tano

Itmeets4x +3y =0
y

between point of contactsis 10

X
i.e - =—-=1inR

Q9 (22 3 4

Let (x,, y,) bethe pt, of contact of tangent

3x—4y=5t0x?—4y?=5 Solving we have . —4

= (x,y)=(31) a secO+tand secO+tano

X2 2
Now anytangenttoz )1/_6 =1is +42 V3% + 42
- CQ.LCR=1geco—tan0 | | seco+tand | =2°
y=mxzt \/25m? —16 KVPY
= y2 +m?x2— 2mxy = 25n?-16 ... (I) PREVIOUS YEAR'S
(1) passes through (3, 1) Q.1 (B)
. 16m+6m-17=0 ... (i) X—y?=&
Let m, & m, be the roots of (ii) and m, +m, =— A(-3,0)
_17 B (asec, atan0)

) andm, m,= 16 B (asecH, —atand)

o 32 (m +m,—m m) =22 _ ,__atan6 1
Q.10 (4) Mo =1an30° = Gsno+1 3

K -2y?=6

Y J3tan0=1+sin0
2 2
DS A
2 3
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Hyperbola

J3tan6=1+secH) X2 2
) let equatio of hyperbolais A2 T g2 =1
(V3tan6-1)" = sec”0
9
3tan’0 — 2,/3 tan + 1 =1+ tan? sﬁisfy(i3,0):>F:1:>A2:9
3tan0 — 2,3 tand =0 eccentricity of hyperbola
téne =3 1 5
side [ength = 2atan 0 = eccentricity of ellipse = 3
=2a,/3
= 5 2 2 25
2\/:_3& :>§: 1+B—:>1+B—:3:>BZZJ.6
K=23 9 9
equation of hyperbolais
2 2
Xy
9 16
A Q2 (4
X2+y?2=25
(-CO
Q2 (A)
Total diagonals = *5C,— 15 = 90 N
Shortest diagona = Diagonal connecting )
Equation of chord
AALAA, ) .
=15 B
y-k=-1 (x=h)
ky —k?=—hx +h?
A, hx + ky = h? + k2
A, _ hx h?+k?
A Tk Tk
A A 2 2
AT _ tangent to — Y o
longest diagonal = Diagonal connecting 9 16
(A1A8,A1A9, ..) e = &m? — b?
=1 h? +k? )’ hY
. . 90-15-15 K =9 ) 16
Required probability = 9
(X2 + y2)2 = 9x? — 16y?
_60_2 Q.3 (80)
"9 3 xy=1-1
JEE MAIN
PREVIOUS YEAR'S (t, &) g ACt-pt>0
Q1 (2 v
2 2
X_ + y_ = 1
25 16
B
a=5b=4 0 B(ftz,ft—‘);tg>0
16 3
= J1-= ===
S

focii : (3, 0), (=3, 0)
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Hyperbola

Q4

138

1.1
bttt t

2 2
=S>tP-t2=4tt

iﬁx —Lz =-1=tt, =1
t t i

= tt)yr=1=tt =1

t2-t2=4

=S t+ti =V +4=2J5

1
>1,2=2+ 5 = t_z:\/g_z

1

2
1 1
s [
- LS

> 1
:2[t1+t2 =45 = Area2 =80

1
(3)

Ay P(4, V6)

AQ Fdam\x

x=\6

2 2

Xy

4 2
2
e=4/1+b—2=\E
a 2

.. Focus F(ae, 0) = F(\/E,O)
equation of tangent at P to the hyperbolais

2x-y./g =2
tangent meet x-axis at Q(1, 0)

& latusrectum x = /g at R[\/E%(\/E—ln

- Areaof A = %(\/6 —1)%(\/6 _1)

-2

s
" e

4

Q6 (1)
Q7 (3
Q8 (3
Q9 [3]
JEE-ADVANCED
PREVIOUS YEAR'S
Q.1 (B, D)
1
Eccentricity of ellipse = /1-— =£
4 2
1 b® 2
+— = =
= 2 NE)
b_ 1
= 5= N
3 2
focus of ellipse (i V3, o) = @ =1
a
=a=,3
= b=1 & focus of hyperbola (2, 0)
%2 y2
Hence equation of hyperbola 31 =1
Q2 (B)
Equation of normal at P(6, 3)
ax by
6 3
It passes through (9, 0)
3. 2
—a“ =
2 a&+b?
3 _at+b? _ b
= 57 22 a2
/ b? 3
= e= 1+? = \/;
Q.3 (AB)

Slope of tangents = 2
Equation of tangentsy =2x = ,/9.4— 4

Sy=2xt 32
=>2X-y=* 4,2 =0 (i)

Let point of contact be (x,, y,)

then equation (i) will be identical to the equation

XXy Wi
9 4 1=0
. X1/9_Y1/4___1
T2 T 1 T xa2



Q.4

Q.5

(A,CD)
2x + 1list tt S
=2x + listangentto — — < =
y gentlo 2 " 16
2 = &2m? —b?
17
1=4a2—16:a2=Z

[check if p? =% + 17
(B)

tan 30° =

oo

=a=b/3
Now areaof ALMN = %.Zb.bx/é

43 =/3p?
=b=2&a=2J3

=e 1+b—2 —i

a 3

P. Length of conjugate axis = 2b=4
SoP— 4

2
L em S
Q. Eccentricity NG

SoQ—3
R. Distance between foci =2ae

2
= 2(2‘6)[ﬁ] =8
SOR—>1
S. Length of latus rectum =

208 2(2° 4

a 23 3

S—>2

Q.6

Hyperbola

(A,D)

&
\ a Q&w 0
AN

Since Normal at point P makes equal intercept on co-
ordinate axes, therefore slope of Normal = -1
Hence slope of tangent = 1

Equation of tangent
y —0=1(x-1)
y=x-1

Equation of tangent at (x,y,)

XX W _
a2 b*
X —y =1 (equation of Tangent)
on comparing X, = &,y, =b?
Also a—h?*=1 ..(1)
Now equation of normal at (x,, y,) = (&,,b,%)

1

y—b? = —1(x—&)
x+y=a+b?....(Normal)
point of intersection with x-axis is (a?+b?)

b2
Now e=, /1+—2
a

b from(1)—2— <1
= rom

€ 1+b2+1 ()b2+1<
1<e< .2 Option (A)

A= %.AB.PQ

1
A= E(sz) b?(from (1)  &-1=t?)
A=b* so option (D)
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Set and Relation

| EXERCISES

)

JEE-MAIN
OBJECTIVE PROBLEMS

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

140

(2)

ANnB={23}
Then AnBis{x:xeR,2<x<4}
(2)

& & &
A=|3 3 3| Vaec{01}
& 8 &

Thisdeter minant will takevalue O, 1 or -1 only & '1'

will be taken same no. of timesas—1 ; so n(B) = n(C)

(3)

A={¢,{¢}}

P(A) = set containing all subsets

={¢o. {¢}, {{4}}. {0, {0}}

={¢. {0}, {{9}}. A}

(1)

A={2,3};B={1,2}

AxB={(21),(2 2),(31), (3,2}

(3)

n(AnB) =n(A) + n(B) —n(A’ N B’)

= 200 + 300 - 100

n(AnB) =400

Now n(A'nB")=U-n(A uB)
(De marganistans)
= 700 — 400 = 300

(4)

conceptual

2n

(1)

1
P:apbiff |a—b|£§

1
Reflexive:apb:|0—g < > (True)

Symmetric:apb = bpa

1 1
la-bl< > = lb-a< 3 (Trug

Transitive:apb:bpa = apc

bj< > ; b-cl< =
fa-bl< 3 ; b-cl<

a—c< =
= [a—C|< <
2

Q.8

Q.9

Q.10

Q.11

KVPY

SO not transitive
(2)
Reflexiverelation: aR a
but identity relationisy=x:x e A&y €A
0 |cR
(2)
R={(12), (2 3)}
for Reflexive: aRa
for symmetric: aRb = bRa
for transitive:aRb,bRc = aRc
So elementsto be added
{(1,1),(22,373,(21),32,(173), 6 1}
(3)
forx=2,y=3€eN
x=4,y=2¢eN
Xx=6, y=1eN
(3)
(4,2 e Rbut (2,4 ¢R &
(2,3) e Rbut(3,2) ¢ R

PREVIOUS YEAR’S

Q.1

Q.2

Q.3
Q.4

Q.5

(A)

forAN B

cos (sinf) =1 or —1 & sin (cost) = 0

which is not possible

or cos (sinf) =0 & sin (cosb) = 1 or -1

also not possible

sOA N Bisan empty set

(©

A ={126,7,11,12,16,17,21,22,26,27,31,32,36,37}
& One of the element which is multiple of 5

B = {3,4,8,9,13,14,18,19,23,24,28,29,33,34,38,39}
& One of the element which is multiple of 5

(©

Good subset is total number of symmetric subset
(D)

n+1,n+2 ... n+ 18

(A) False, if n=19

(C) Falseif n=15

16 to 33

20, 25, 30 ® only three multiples of 5

(D) no. of odd integersin S =9

every third odd integer is multiple of 3

SO maximum prime no. = 6

(©

100000 < ababab < 1000000

<10°a+10*b+10°a+100b+10a+ b < 1000000
< a(105 +10° +1o) + b(1o“ +10? +1) <1000000
100000 < (10* + 10?2 + 1) (100 a + b) < 100000



Q.6

Q.7

Q.8

Q.9

Q.10

100000 < 10101(ab) < 100000

9.9<ab <99

“ab’ number can be obtained as product of ordered pairs
(2, 9); (2, 11); (2, 17); (2, 19); (2, 23); (2, 29); (2,
3 1 ) ;
(2, 41); (2, 43); (2, 47); (5, 12); (5, 17); (5, 19)
Total number = 13

©

. 3 421 4 5121 512
C2+°C, 3 +°C |13 "1t et 23
20+ 10 x 6 + 5[8 + 6] + 10 + 20 = 180

©

AsSn— o
‘sin\/x+1—sjn«/;‘—>0
. There exist infinite natural numbers for which

‘sin\/x_Jrl—sin\/;‘dN A>0

Set and Relation

) 2b-1
Case (i) Let T =1

2a-1  2(2a-1) _ 4 6

= b a+l a+1l
2a-1
fora=1, b =4-3=1 = a=1b=1
fora=3, ot =4-3 ¢
ora=3, b -4 3 3
a—1
fora=25, b =4-1=3 = a=5b=3

. 2b-1
case (ii) Let X - 3

Q.11 (A)
. (1+a)(1+b?=4ab
Hence A, A, A, aredl infinite sets
2 3 5 1 b 1 4
(B) = a"rg +B =
¢ = a=landb=1
d b but a= 1 sonovaueof b
Q.12 (A
a fn=(n+ 1Y _nl3
|a—C|<b+d<a+C Ratlonallsmgfn get
(ac) (b, d)(1,3) (5 6) 1 1
(11 3) (4! 5) = >
and (1, 3) (4, 6) (n+)** +n"?(n+2)"* +n?*  3(n+1)*"°
Now make different combination. Total of 11 L
combination are possible. Similarty
(D) 1 1
f +1= >

COS X + COS /2x < 2

cosx £1 and cos /2x <15

(n+1)2/3 +(n+1)1/3 +(n+2)1/3 +(n+1)2/3 3(n+1)2/3

COSX + €OS /2x <15 @ X = 0 COSX + COS /2y = 2 Hence fn+1:;2/3<fHVne N
bx1R-{0} 3(n+1)
(®) HenceA =N
2a-1 b+1 12 Q13 (A)
b 2 1= a> - = —Sle (1) This relation is reflexive relation because every
natural no. divides square of itself aR a « adivides
2b-1 4b-2 6 &
= Sm:4—b—+1<4 (1) not symmetric eg. 5R 10 «> 5 Divide 100
But10R5 = 10 Divide25?
- 2b-1 1923 (111) Not transitivity for example
a T ifBR4& 4R2 = 8R2
b1 only (I) Option
2b-1lisodd = — =1,3 Q.14 (D)
a n(A x A) = 100

number of (a,a) type pairsis 10
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Set and Relation

number of (a,b) and (b,a) type pair of pairsis 45 (a= b)
so, required number of relations is
2% _ 245

JEE MAIN
PREVIOUS YEAR'’S

Q.1

Q.2

Q.3
Q.4
Q.5
Q.6

Q.7

Q.8

142

(5.00)
3 digit number of the form 9K + 2 are
{101,109,.......... ,992}

100
= Sum equal to Y (1093)

Similarly sum of 3 digit number of the form 9K + 5
100
IST (1099)

100 10
= (1093) + == (1099) = 100 x (1096)

= 400 x 274
= ¢ =5
(3)
A nBnCisvisiblein all three venn diagram
Hence, Option (3)
(832)
(5143)
(3)
(1)
The equivalence class containing (1, —1) for thisrelation
isx2+y2=2
(4)
A={2345,...,30}
(& b) =(c,d =>ad=hc
(4,3) =(c,d)=>4d=3c

4
=3

o
.:>
oo

d 3&)(,86{23 ...... , 30}

(c,d) ={(4, 3), (8, 6), (12, 9), (16, 12), (20, 15),
(24, 18), (28, 21)}
No. of ordered pair =7
(3)
A and B are matrices of n x n order & ARB iff there
exists a non singular matrix P(det(P) = 0) such that
PAP1=B
For reflexive
ARA = PAP-1=A...(1) must be true
for P=1, Eq.(1) istrue so ‘R’ isreflexive
For symmetric
ARB < PAP'=B ...(1) istrue

for BRA iff PBP? =A ...(2) must be true
QPAP'=B

PPAP=P'B

IAP*P=P'BP

A =P'BP ..(3)

from (2) & (3) PBP* = P1BP

can betruesome P=P! = P?=| (det(P) = 0)
So ‘R’ is symmetric

For trnasitive

ARB < PAP1=B...istrue

BRC < PBP!=C...istrue

now PPAP!P1=C

PPA(P)1=C= ARC

So ‘R’ istransitive relation

= Hence R is equivalence

Q9 (2
Q.10 (2
JEE ADVANCED
PREVIOUS YEAR'S
Q.1  [3748]
X:1,6 11, ... , 10086

Y : 9, 16, 23, 14128
XNY:16,51, 86, ...
Let m=n(XNY)
o 16+ (m—1) x 35 < 10086
= m< 288.71
= m =288
~ nXuY)=n(X)+n(Y)—-n(XNY)
= 2018 + 2018 — 288 = 3748
Q.2 (A,B,D)
(A) n, =10 x 10 x 10 = 1000

(B)Asperglvencond|t|0n1<|<j +2<10=j<8&

i>1

fori=1,2, j=1,23, .., 8- (8+8)possiilities
fori=3, j=2,3,.., 8> 7possihilities

i =4, j=3, ..., 8> 6 possihilities

i:9, j=1 — 1 possibility

Son,=(1+2+3+..+8)+8=44
(© n = 1°C, (Choose any four)
= 210
(D) n, = °C,.4! = (210) (24)

— =420
12
So correct Ans. (A), (B), (D)



Mathematical Reasoning

| EXERCISES

)

JEE-MAIN
OBJECTIVE PROBLEMS

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

m T Hd 4o

(3)

Here option A, B, & D is mathematical acceptable
sentance so these are statement but option C is
interogative sentance so it is nto statement.

(3)
A, B — imperative sentence
D — exclametry sentence

C — Mathematically acceptable statement it is
univossal fact

so the sunisastar is a statement.

(3)

~(p"a)=~pv~q
~(22+3=5and8<10)=2+3=5 or 8 « 10
(3)

~Pva=~pAa-~q

so monu isnot in class X or Anuisnot in class Xl
(2)

If pthen qisfalse

m T 44 4o
m -4 TV -«
=4 4 7 4]

p—>q:F

p:T,q:F

(3)

pv aa(=par~a)is

a|~-p|~a|~pva|~-pr~q|(=pva)A(~pA~Qq)
TIF|F| T F F
FIF|T| F F F
TIT|F| T F F
FlT T 7 T T

*. neither tautology nor contradiction
(4)

Fundamental concept of distribution law
pA(@v N=(pPAra) v (PAT).

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17
Q.18

mm—-d-o
M7 -Ha

(2)

~p|~-q|p—>Qq|~q->~p|p—>q =~q—>~p
F F T T T

FIT F F T

T F T T T

T T T T T

hence

p—>q = ~q— ~pistautology

(1)

Ramis smart and Ramisintelligent = (p A Q)

(2)

It isafundamental concept.

(3)

Contrapositiveof p= ~qisq=~p

(4)

AABC isequilateral triangleif each angleis 60° p <
o}

(3)

~(Pva=>~pr~q

(3)

S=p=qgA ~(qiscontradiction

p s p—s

T F F

F F T

neither tautology nor contradiction.

(3)

~PrgV ~ (0 <& )
Plg|~(rg |~(Qep) S
T[T| F F F
T|F T T T
FI|T T T T
F|F T F T

(2)
Equations are not a statement but 5 is natural no. isa
statement.

(1)

(1)

plal-p[pva[~(pva) [~p"q [~ (pvav(~p"q)
TIT|F [T F F F
TIF[F [T F F F
FIT|T [T F F T
FIF|T [F [ T T T
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Mathematical Reasoning

Q.19 (2
p — gisfaseonly when pistrueand qisfalse.
p— (~pvQ)isfaseonly whenpistrueand (~pv Q)
is false.
~pv gisfaseif qisfalse, because ~ p isfase
Q.20 (1)
Pl a]| ~p | pP=q |~palPed)=s|~s=pv(q
T T F T F T
T | F F F F T
FlT T F F T
F F T T T F
JEE-MAIN
PREVIOUS YEAR'S
Q1 (1)
Contrapositiveof A —> (B —> A) is
~B-o>A)>~A
BAr—o>A)>~A
Q2 (2
p : youwork ward
g: youwill earn
given(p— Q)
contrapositiveof (p > q)=~q— ~p
Q.3 (2
~(~pA(pVva)
=~(~pAPV(~pAD)
=~(~pAQ)=pv ~q
Q4 (1)
AA(~AvB)—>B
=[(AA~A)v(AAB)]—>B
=(AAB)—>B
=~Av-~BvB =t
Q5 (3
LA ]
(~AvB) = -
=z
A B
~ CA(AVB)
C
&\ s
“F = Not tautology
1 C/

144

So,~(pv Q) v (~p A Q) islogicaly equivalent to ~p

A B

LA B
L~

A—>~B
LA B
L

N

Tautology

Truth tabel for F, (A,B,C)

A|B[C|[~A[~C[AVB][~AVB[~CA(AVB)[(~AVB)v(~CA(AVB))v~A
T|T|T| F F T T F T
T|F|F| F T T F T T
T|T|F| F T T T T T
TIFIT|F|F| T F F F
F|T|T| T F T T F T
FIFIF[T|T]| F T F T
F|T|F| T T T T T T
FIFIT[T|F]| F T F T
Truth tablefor F,
A B|AvB|~B|A—>~B|(AvB)v(A—>~B)
T [T] 7T |F F T
T [FI T |7 T T
F [T T |F T T
F [FI F [T T T
F, not shows tautology and F, shows tautology.
Q.6 4
Pla|[pPAq|pP—>q|(prg)—>(P—0)
T|T|] T T T
T|IF| F F T
F|T F T T
FIF| F T T
(p A Q) = (p— q) istautology
Q7 (1)
Qp—>g=~pvq
So, *=v

Thus, p*(~q) = pv(~ Q)

=0—p




Mathematical Reasoning

Q8 (1) Q.15 (2

Option (1) Q16 (2
(p A ——(p—0) Qlr (4
=~{PArgv(~pva) plalp[~<[pP-a[«>q] gop [(q—p)
=Py =0 v PV L
=~pv(~qvQ FIT|T|F| T F F T
=~pvt FIFIT [T T F T F
=t
Option (2) oo -poed B ord - (p—T>~ )
(PA g A(pva)=(p~Aq) (Notatautology) T T T =
Option (3) = = T =
(PAQ) Vv (p—0) F T T =
=(Pprqv(~pva) =~ )
=~pv q(Not atautology) g;)\ati?)r: , 4)p —4d
Option (4) 018 (1)
=(pAPA(~pva) Q:19 (3)
=p A q(Not atautology) Q.20 (3
Option (1) Q21 (3
Q9 (2 Q.22 (16)

LHSof all the options are somei.e. Q.23 (1)
(P>QA~Q) Q24 (3
=(-PvQ A~Q
=(~-PA~Qv(QA-~Q)
=~PA~Q
(A)(PA~Q) —>Q
=~(-PA-Q v Q
= (Pv Q) v Q # tautology
(B) (-PA~Q) > ~P

=~(~PA~Q)v ~P

=(PvQ)v-~P

PRI
——+| || || = Tautology
| T (1T

C)Y~PA~Q —>P
= (Pv Q) v P= Tautology
(D) (~PA~Q) > (PA Q)

=(Pv Q) v (P A Q) = Tautology

Aliter :
PIQ|PVQ([PVQ|[~P|(PvQ)Vv~P
TI(T T T F T
TIF[ T F | F T
FIT T F T T
FIF F F T T

Q.10 (4)

Q11 (4)

Q.12 (3)

Q.13 (4

Q.14 (1)

145



Mathematical Induction

| EXERCISES

)

JEE-MAIN
OBJECTIVE PROBLEMS

Q.1

Q.2

Q.3

146

(1)
p(n) s a@n-14pn-1
P(1) : a + bl = a+ b, which isdivisible by itsdlf, i.e.
by (a+b).
o P(n) : &1+ p2-lisdivisible by (a+ b), and is
trueforn=1
Let P(k) betrue, i.e. P(k) : a&~1 + b*-1lisdivisible
by (a+ b)
i.e. a-1+p&-1=m(a+b)
Now,
P(k+ 1) —gkK+tlypk+l=gk-1, 24 pk+1
= [m(a+b) _b2k—1] + pk+1
=m (a+ b)a — a1+ p+1
=m(a+ b)a2 —b* -1 (22 - b?)
=m(a+ b)a2—(a+b) (a—b) b1
= (a+b) [ma2 —(a—b) b*-1]
- P(k + 1) is divisible by (a + b) whenever P(k) is
divisibleby (a+ b).
Hence P(n) isdivisibleby (a+ b) forall n e N. Ans.
(2)
Pn):(n+1) (n+2)...(n+r)
P(1):(2)(3) ....... (r+21)=r!(r+1),whichisdivisible
byr!
LetPk):(k+1) (k+2) ... (kK+r)=r(m)
SPk+1) i k+2)(k+3) ... (k+1+1)=rI(N)
L.H.S. of P(k + 1)

=k+2)(k+3)...(k+r+1)

_(k+D (k+2)(k+3)... .k +r+1])
- k+1

_rm)(k+r+1)
=T 1 =r! ().

Thus, P(k + 1) is divisible by r! whenever P(k) is
divisibleby r!
Hence P(n) isdivisible by r! for all n € N. Ans.
(2)
P(n): 49"+ 16n-1
P(1) : 49 + 16 — 1 = 64, which isdivsible by 64
Let P(k) : 49k + 16k —1 =64 m
Pk + 1) : 49K*1 + 16(k + 1) — 1 = 64A
LH.S. of P(k +1) =49¢*1+ 16(k + 1) — 1
=49 (64m—16k + 1) + 16k + 16 — 1
[Assuming P(k) to be true]
= 64(49m) — 48(16k) + 64

Q.4

Q.5

Q.6

Q.7

=64(49 m — 12k + 1) = 64r
Thus, P(k + 1) is divisible by 64 whenever P(K) is
divisible by 64.
Hence, P(n) isdivisible by 64. Ans.

(3)
By Induction, P(n) istrue for all n € N.
(2)
P(n) : cos o cos 2. cos 4a. ..... cos 2"~ 1a,
Y _ Sn2a
P(1) : cosa = 26N
sinda,

2) : COS o COS 200 = ——
@) * ¢ 4sino

Let P(k) : cos o cos 2a cos 4a ..... cos 2kt q

sin2*q
2Xsina,

s P(k + 1) : cos a cos 2o cos 4a. .... cos Ko =

sin2*tq
2*1ginq
L.H.S. of P(k + 1)
= C0S 0. €S 20, €0S 4a ... oS 2% a,

_ sin2¢a

k
= Fena X cos 2 a

[Assuming P(k) to be true]
_ 2sin2a.cos2a. _ sin2“"ta
2*"'sina © 2'sing,
R.H.Sof Pk + 1)
Hence P(n) holdstrue for al n € N,. That is,

sin2"a
—— . Ans.
2'sina

COS o COS 20, €S 4at ... co0s2"~1 g =

(3)

Forn=1,25"-7n-1=28-7-1=0
Forn=22"-7n-1=26-14-1=64-15=49
whichisdivisibleby 49. Ans.

(1)

f(n)=10"+3-4"*2+k

f(1) =10+3-4°+k=10+48+k=58+k
=9x7-5+Kk

If f(1) is to be divisible by 9, then the least positive
integral value of k hasto be5. Ans.



Q.8

Q.9

Q.10

Q.11

(2)

f(n)=10"+3-4"*2+5

f(1) =10+ 48 + 5 =63, which isdivisibleby 7 and 3

f(2) = 100 + 3(256) + 5= 105 + 768 = 873, which is

divisibleby 3.

So, f(n) =10"+3- 4"*2+ 5isdivisibleby 3. Ans.

(1)

Let P(n) : x"—=1=X(x=Kk)

Now P(1) : x—1=4, (x—K)

Also, P(2) 1 x2=1=%h,(x—k)

=P2):(x=1) (x+1) =%(X=K)

.. Theleast value of k for which the proposition P(n)

istrueisk=1. Ans.

(2)

P+2°+3
1+3+5

Let Py =+ L2
1 1+3

+ ... (nterms)

3 B+22+.....4+n
1+3+5+.....+(2n-1)

Z(Zn‘"’\

r.|2

= P(n):

= P(n):

= Pn): n

ZH nz(nz-l)z}
= P(n):

1 2
— n“+2n+1
2+ 20+

%[Zn2+22n+2(1)]

E[n(n+1) 1

= P(n):

= P(n): a3 +§n(n+1)(2n+1)+n}

= P(n): 2—14n[3(n+1)+2(n+1) (2n+1)+6]

1
P(n) : z n (2I’12 +9n+13) . Ans.

(2)

2 . 2
Let P(n) = Isr_] i dx
> SinX
2 . 2 /2
sin x . w2
= - dx = | sinxdx=|-cosx| " =1
P = | Gy & = | [~cosx];
2 . 2 /2 . 2
sin® 2x (2sinx cosx)
= R dX = ,—dx
2) -([ sinx J; sinx

/2
.[ 4sinx cos® x dx
0

= P2 =

Mathematical Induction

/2
—cos® X 4 1
= P(2)—4[ 3 } =5 1+ 3

Foranyn e N,
n2 . 2 1 1
P(n) = J; Snx dx _1+_+§+ ..... e
JEE-MAIN
PREVIOUS YEAR’'S
Q1 (1)
P(n)=n?+41

P(B)=9-3+41=47
P()=25-5+41=61
Hence P (3) and P (5) are both prime
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Statistics

| EXERCISES |

JEE-MAIN
OBJECTIVE PROBLEMS DXf 2+4+46+..2n
Q1 (I >, 242+..2
Data Mean
X X ,(n(n+1)
|x:ap+bQ|¥=aﬁ><bQ| _ 2(1+2+3+....n): 2 _ n+1
2n 2n 2
2 2
ez @ " Q5 @
i ! pP= Pl' P2 ... P
XiW "
A . Q6 (1)
13 NX = N,X, +N,X,
2 2z 12x6=6x8+ 6xX,
23
3 32 - 12-48 24
33 X2 = 6 2324
: Q7 (4
: According to question X, is replaced by t then
n n? g X=X, +t
n® n
Y—ZXiWi P42+ +4n’ Q8 (4
Wi P24+ F e’ Qe (4
X; (X(i +1))Xi
nn+1 7T 1 (1+1),
~ 2 _ n*(n+1)° .6
" nin+)(2n+1) - 4 n(n+1) (2n+1) 2 2+1),
6
3 B +1),
3n(n+1)
T 2(2n+1) n (n+1),
Q3 (1)
3 (% -%) =Y x - D +Dx, | 2+6+12+...(n+D)"
| I nn+l) n(n+1)
=nX-X-n=0
Q.10 (1)
Q4 (3) ; Arrange is accending order
Xi i
7 5 1 1
X 1, = tee (=3t t=2,t—=, t+=, t+4,t+5
1 2 2 2 2" 2
2 1
2 2 = 3 [4™ +5" value]
4
3 2 1 5
Z2t—-—=
6 - 2 [ 2}
= t—E
n 2 4
2n
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

4
Mode = 3 median — 2 Mean
121 = 3 median -2 x 91

121+182_303_,
3 3

X S.D.(9)

A X |[A|s

X. S

A A
SDof px+q is|p|s
(2

Xt A
AR

(2]

>
(%]

]

=

(3)

>ix (21X 2
°T s T osf,
(2

X = n,X, +N,X,

=n k+n
1n1 2

(4)

X
X
A

> | || x|

then new mean after each number is divided by 3 is

Q.18

Q.19
Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Statistics
22
32

42

n(n+1)(2n+1)
6 2n+1

n(n+1) 1 3
2

inWi _
PR

(2
AM.= of 1+2+4+8+16+...... 2"

B 2n+1 _ 1
n+1
(1)
In central tendency we measure mean, mode, median.

(1)

Most stable measure of central tendency is mean.

©)

X; fi

1 1

2 1

3 1

n 1

o 2 fX 14243+..n _ Nn(n+)) (n+1j

X = = - = | —
> n 2n 2

(3)

X = n,X, +n,%,

10X = 7x10+3x5

—_ 7O+15:§:8.5
10 10
(3)
A dtatistical measure which can not be determined
graphically is harmonic mean it is a fandomental

concept.

(1)
The measure which takesinto account all thedataitem
ismean it is a fandamental concept of account

=15 x 154 = 2310
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Statistics

Q.26

Q.27

Q.28

Q.29

150

¥x = 2310 - 145 + 175
= 2340

2340
correct mean = ? =156¢c.m.

(2)

For median arrange

scored in order

0, 5, 11, 19, 21, 27, 30, 36, 42, 50, 52

. (n+1)"
Medianis > term

11+1
2

= 6" term = 27.

(1)

Total = Xx=nx = 10x125=125
Firstsix =>Xx=nX = 6x15=90

Last five=> Ix=nx = 5x10=50

Last four 125-90=35
6" no is 50-35=15

(1)
X = nx = 100 x 50 = 5000

SD.= /g2
Jo?
/lzxf—iz

n
/sz
= —(50)?
100 (50)

ox?
16 = —-—-2500
100

(16 + 2500) - 100 = 3x?

251600 = 2x

I

(1)

— 32
SD.= /izxf—iz
N

Xi f;

1 "Co
a "C,
a2 nC2
a" nCn

Q.30

Q.31

Q.32

sxf,  "Cy+™C,+7"C,+"C,
2f,  "C,+ "C,+"C,+...+"C,

K:

2 4 6,
Tfx?  "Co+*"C,+*"C,+*"C +....Q

N "Cy+ "C,+"C,+....+"C,
(€]
a+b
=——=10
AM 5
GM.= Jab=8
2ab
HM= — =2
a+b
2
HM. = (CM)”
AM.
Y
10

And number are 16, 4

(3
n, = 100
n, = 150

X, =50

X, =110

ci=5

o, =6

nX = n,X, + n,X,

=100 x 50 + 150 x 40

= 5000 + 6000
_ 11000
X = =

250

(@ rd) (el d)
"= n,+n,
d,=50-44=6
d,=40—44=—4

(25+36) +150(36 + 16)

2 _

o =100 50
_ 6100+ 7800 _556
250

G = /55.6 =7.46
(1)
CV, = 58%
CV, = 69%
(o] = 212



Q.33

Q.34

Q.35

Q.36

Q.37

o, =156
cv = 2x100
X
_o % = 0:x100  21.2x100
CVi=5 X100 = X="oy— = =
220 _ 555
58

o, 5,x100 15.6x100
CVo= 5 X100 = X =~ ===
2

22.60

(3)

n=10
xX=12

¥x? = 1530

2= %z(xf—iz)

z_i 1530 — 10(144 _@:9

c=3

X =12
G 3

COV.= — x100= -— x 100 = 25%
X 12

(1)

(3)

X, =50 cslz =15
X, =48 cg =12

X, =12 Gg =2
Most consistant is kapil
(2)

o XX (X +2) Zx  2Zi _ 2n(n+)
X="—~1="21 7 147 —X4—""7
n n n n 2n

=X+(n+1)

(2)

,_ IX; [injz

2= _| =4
n n

P42 4+3 4 +n2_(1+2+3+....+nj2
B n

Q.38

Q.39

Q.40

Q.41

Q.42

Statistics

n(n+1)(2n+1) _(n(n +1)j2
6n 2n

(n+1)(2n+1) n*(n+1)?

6 4n’
_n-1
12
(1)
x=2X =— = IX=nM

sum of n— 4 observationsis a

M-a
4

. . ..n
mean of remaing 4 observation is

3

Mean of seriesis

a+(a+d)+(a+2d)+.....+ (a+2nd)

i:
(2n+1)

X=a+nd

2n 2d(n)(n+12)

lei_il =

i=0 2
= n(n+1)d

o n(n+1)d

Mean deviation = —(2n+1)
(3)
D »'¢
X=—"

n

n

X+ X 4ot X, 142+ n_7+n(n+1)
- n n - 2n

= (n+1j
= X+| —=

2
(4)
06,-06, 40-20
Quartile deviation= —=—= = =10
2 2

(1)
X SD.
Xt A S
AX [X|s
X S
A A

then SD.of ax+bis|as
where sis staindered deviation.
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Statistics

Q.43 (1)

r = range
SD.=$= = ¥ (x —x)" then S<r |-
n-1 & T \Vn-1
Q.44 (3)
If X1, X5 ceveeenne. X, aren observationswith frequencies
fr fo f,, then mean deviation from mean (m)
isgiven by

1
Mean deviation = szi [X; — M|

Q45 (4

KVPY
PREVIOUS YEAR'S
Q1 (A
Q2 (B)
Q3 (B)
Q4 (O

LetX; < X, <Xg.unue X117

) . X+ X

median of X, X, .....X,,is >

Now the new set of number are x,, X,, ....Xg

X: +X

52 D R
. Xg+ X )

Hence median is < Xg = median decreases
JEE MAIN
PREVIOUS YEAR
Q.1 (11)

,_ X2 (ijz
of= — = | —
n n

2 2\2
o (94K (9K
10 10

(90 + k?)10 — (81 + k2 + 8k) < 1000
90 + 10k2 — k2 — 18k — 81 < 1000
9k? — 18k + 9 < 1000

100
(k-1)2< — 9 = k-1< i

152

Q.2

Q.3

Q.4

Maximum integral value of k = 11
(4)

»x; —18a. =36

2x; =18(o+2) ()
»xZ +183% - 2B2x, =90

IX? +183% - 28x18(0u +2) =90

Tx? =90-18B% + 363 (o + 2) (i)
2
c’=1= 12x (2% =1
18 18

18

= 90-18p2+36a.p+72p—18(0+2)?=18
= 5-p2+20p+4B—(a+2)%=1
= 5-P2+20p+4p—0’~4—da=1
—0>—B2+2ap+4p—4a=0
—(0—B)>~4(a—B)=0
—(o—B)(a—p+4)=0
= ap=-4 (a=B)
|B—o|=4
(4)
Fora b, c

a+b+c

mean=T(=7)

1 18(a+2) )’
:>1—8(90—18B2+36aﬁ+72ﬁ)—(—j -1

b=a+c
2b

= X= 3 e (1)

SD. (a+2,b+2,c+2)=SD.(ab,c)=d
a+b*+c* ,_,
R
a®+b*+c? 4b°
3 9
9d2=3@z2+b 2+c?2) ? 4b2
b2=3(a2+c ?) ? 9d?

= d’=
= d°=
=
=
(5)

c =
N, +n, (nl +n,)

(X — X2)2

n=10,n,=n, 62=2, o5=1
_ _ 2 17

X,=2, X,=3, C Y
17 10x2+n 10n

—= +
9 n+10  (n+10)?

(3-2)?



Q.5

Q.6

Q.7

Q.8

Q.9

Q.10
Q.11
Q.12
Q.13
Q.14
Q.15
Q.16
Q.17

17 _(n+20)(n+10)+10n
=9 (n+10)?
= 17m2+ 1700 + 340 n = 90n + 9(n?+30n+200)

= 8n°—20n—100=0
2n°—=5n—25=0

= (2n+5)(n—5)=03n=_75,5
J
(Rejected)
Hencen=5
(35)

DX _ 108 > %, —60+N _ g
25 25

Let age of newly appointed teacher is N
= 1000—60 + N = 975

= N =35 years

(1)

Let observations are denoted by x, for 1 <i <2n

Y—in _(a+a+..+a)-(a+a+..+a
S oon 2n

and 6- =

=o0,=a
Now, adding aconstant bthen y =X +b =&
=b=5
andc, = o, (NochangeinSD.) = a=20
=>a&+b?=425

(4)

(164)

(3)

(4)

(3)

(1)

(4)

(3)

[398]

(12)

(4)

Given :

2% =10

20
or in = 200 (incorrect)

Mean = (7):

or200-25+35=210= ) X; (Correct)

210

Now correct X=—— = 10.5
20

againgiven S.D. =2.5 (o)
L 10)? = (2.5)°
o = S5 (107 =(25)

or inz = 2125 (incorrect)

or ) X7 = 2125 - 257 + 35
= 2725 (correct)

2725
. correct 6% = 0 —(10.5)*

G’ =26
orc =26
-0 =105 p=26

Statistics
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