STRAIGHT LINES [JEE ADVANCED PREVIOUS YEAR SOLVED PAPER]

JEE ADVANCED
Single Correct Answers Type N :f;f;f?;; » :: E‘i‘iﬂ;ﬁﬂm

1. The straight linesx+y=0,3x+y-4=0,andx+3y—4 (IIT-JEE 1983)
= ( form a triangle which 1s




3.

10.

IfP=(1,0), 0=(-1,0), and R = (2, 0) are three given
points, then the locus of the point § satisfying the relation
SO + SR* = 2SP- is

a. a straight line parallel to the x-axis

b. acircle passing through the ongin

¢. acircle with center at the ongin

"d. a straight line parallel to the y-axis (IIT-JEE 1988)

Line L has intercepts a and b on the coordinate axes. When
the axes are rotated through a given angle, keeping the
origin fixed, the same line L has intercepts p and g. Then,
a. &+b=p'+¢ b. 1/a*+ 1/b* = 1/p* + /g’
c. a+p’=b+q d. 1/a®+ 1/p* = 1/b + lig’
(IIT-JEE 1990)

. If the sum of the distances of a point from two perpen-

dicular lines in a plane is 1, then its locus 1s
a. square b. circle
¢. straight line d. two intersecting lines

(ITTJEE 1992)

. The equations to a pair of opposite sides of a parallelo-

gram are x* — 5x + 6 = 0 and y* — 6y + 5 = 0. The equations
to its diagonals are

a. xt4y=13,y=4x-17

b. 4&x+y=13,4y=x-7

c. x+y=13,y=4x-7

d. y-4x=13,y+4x=7 (IIT-JEE 1994)
The orthocenter of the triangle formed by the lines
xy=0andx+y=11s

a. (1/2,1/2)
¢. (0,0)

b. (1/3,1/3)
d. (1/4, 1/4)
(IIT-JEE 1995)

. Let POR be aright-angled isosceles triangle, nght angled

at P(2, 1). If the equation of the line QR 1s 2x + y = 3,
then the equation representing the pair of lines PQ and
PR is

a. 3xX -3y +8xy+20x+ 10y +25=0

b. 3 -3y +8xy—-20x- 10y +25=0

c. 3X -3y +8xy+10x+ 15y+20=0

d. 3x*-3y - 8xy—15y-20=0 (IIT-JEE 1999)
Let PS be the median of the triangle with vertices
P(2, 2), O(6, —1), and R(7, 3). The equation of the line
passing through (1, —1) and parallel to PS is

a.2x-9%-7=0 b. 2x-9y-11=0
c.2x+9%-11=0 d. 2x+%+7=0

(IIT-JEE 2000)

. The number of integral valves of m, for which the

x-coordinate of the point of intersection of the lines
3x +4y =9 and y = mx + | is also an integer, is

a. 2 b. 0 c. 4 d. |

(IIT-JEE 2001)

The area of the parallelogram formed by the lines y = mx,
y=mx+1,y=nx, and y = nx + | equals
b. 2/|m + n|
d. 1/(lm—nl)
(ITT-JEE 2001)

a. |m+ n|//(m—-n)*
c. 1/(jm+n|)

11.

12.

Let P=(-1,0), 0=(0,0), and R = (3, 3V3) be three points.
Then the equation of the bisector of ZPQOR 1s

a. (V3/2x+y=0 b. x+V3y=0
c. V3x+y=0 d. x+(N32)y=0
(IT'T-JEE 2002)

A straight line through the origin O meets the paral-
lel lines 4x + 2y = 9 and 2x + y + 6 = 0 at points P and
O, respectively. Then the point O divides the segment

PQ in the ratio
a. |:2 b. 3:4
c. 2:1 d. 4:3 (IIT-JEE 2002)

13. Area of the triangle formed by the line x + y = 3 and the

14.

15.

16.

angle bisectors of the pairs of straight lines x* — y* + 2y
=11s

a. 2 sq. units b. 4 sq. units
¢. 6sq.units d. 8 sq. units
(IIT-JEE 2004)

The locus of the orthocenter of the triangle formed by the
lines (1 +p)x—py+p(1 +p)=0,(1 +g)x—qy+q(l +q)
=0and y =0, where p # g, 1s

a. a hyperbola b. a parabola

¢. an ellipse d. a straight line

(IT'T-JEE 2009)

A straight line L through the point (3, -2) is inclined at
an angle 60° to the line 3x + y = 1. If L also intersects
the x-axis, then the equation of L is |

a. y+ V3x +2-343 =0
b. y— 3x +2+33 =0
c. \ﬁy _x+3+243 =0
d. 3y +x-3+2/3=0 (IIT-JEE 2011)
Fora> b> ¢ >0, the distance between (1, 1) and the point

of intersection of the lines ax + by + ¢ =0 and bx + ay +

¢=0is less than 2+/2 . Then
a, at+tb-c>0 b. a-b+c<0
¢c. a-b+c>0 d.at+tb-c<0
(JEE Advanced 2013)

Multiple Correct Answers Type
1.

Three lines px + gy +r=0,gx + ry + p=0, and rx + py
+ g = 0 are concurrent if
a. p+tqg+r=0 b. P +g@+r=pr+mp+pg
c. pP+q +r=3pgr d. none of these

(IIT-JEE 1985)

. All points lying inside the triangle formed by the points

(1, 3), (5, 0), and (-1, 2) satisfy
a. 3x+2y20 b. 2x+y-1320
c. 2x-3y<12 d. 2x+y20
(LIT-JEE 1986)

. The diagonals of a parallelogram PORS are along the lines

x + 3y =4 and 6x — 2y = 7. Then PORS must be a
a. rectangle b. square
¢. cyclic quadrilateral d. rhombus

(IIT-JEE 1998)



Matching Column Type

Consider the lines given by
Lex+3y—5=0
L:3x—ky—-1=0

L axEly=—I11=4

Column I Column I1
(a)L,, L,, L, are concurrent 1f (p) k=-9
(b) One of L, L,, L, 1s parallel to at least | (q) k = —6/5
one of the other two 1f
(¢) L, L,, L, form a triangle if (r) k=5/6
(d)L, L, L,donot forma trnangleif |(s)k=35
(IIT-JEE 2008)

Assertion-Reasoning Type

LinesL,, L,givenby y—x=0and 2x + y = 0 ntersect the
line L, given by y + 2 =0 at P and Q, respectively. The
bisector of the acute angle between L, and L, intersects
L,atR.

Statement 1: The ratio PR : RQ equals 2V2 : V5.

Statement 2: In any triangle, the bisector of an angle
divides the triangle into two similar triangles.

a. Both the statements are true and statement 2 1s the
correct explanation of statement |.

b. Both the statements are true but statement 2 1s not
the correct explanation of statement |.

¢. Statement | 1s true and statement 2 1s false.

d. Statement | is false and statement 2 1s true.

(IIT-JEE 2007)

Fill in the Blanks Type

)

6

The area enclosed within the curve [x| + [v| =118

(II'T-JEE 1981)

. The set of lines ax + by + ¢ = 0, where 3a + 2b + 4c¢ =0,

Is concurrent at the point . (IIT-JEE 1982)

If a, b, and ¢ are in AP, then the straight line
ax + by + ¢ = 0 will always pass through a fived point
whose coordinates are A(HT-JEE 1984)

. The orthocenter of the triangle formed by the lines

x+y=1,2¢x+3y=6,and 4x — y + 4 = 0 lies in quadrant
number (IIT-JEE 1985)

. Let the algebraic sum of the perpendicular distance from

the points (2, 0), (0, 2), and (1, 1) to a vanable straight
line be zero. Then the line passes through a fived point
whose coordinates arc . (IT-JEE 1991)

. The vertices of a tnangle are A(-1. -7), B(5, ). and

C(1. 4). The equation of the biscctor of ZABC
IS ; (ITT-JEE 1993)

True/False Type

1. The straight line 5x + 4y = 0 passes through the point

of intersection of the straight lines x + 2y - 10 = 0 and
2x+y+5=0. (IIT-JEE 1983)

2. The lines 2x + 3y + 19 =0 and 9x + 6y — 17 = 0 cut the

coordinate aves at concyclic points. (IIT-JEE 1988)
Subjective Type

1. Oneside of a rectangle lies along the linedx + 7y +5=0.

Two of its vertices are (-3, 1) and (1. 1). Find the equations

of the other three sides. (ITT-JEE 1978)

2. Find the equation of the line which bisects the obtuse

8.

10.

11.

angle between the lines x — 2y +4=0and 4x - 3y + 2 = 0.
(1IIT-JEE 1979)

. Astraight line L is perpendicular to the line Sx—y = 1. The

area of the tnangle formed by line L and the coordinate
axes 1s 5. Find the equation of line L.

(IIT-JEE 1980)

. The points (1, 3) and (5, 1) are two opposite vertices of a

rectangle. The other two vertices lie on the line y = 2x + ¢.
Find ¢ and the remaining vertices.

(IIT-JEE 1981)
The ends A4, B of a straight line segment of constant length
¢ shde upon the fixed rectangular axes OX, OY, respec-
tivelv. If the rectangle OAPB i1s completed, then show that

the locus of the foot of the perpendicular drawn from P
to AB is x*° + y** = 7, (IIT-JEE 1983)

. Two equal sides of an 1sosceles triangle are given by the

equations 7x —y +3=0and x + y— 3 = 0 and its third side
passes through the point (1, - 10). Determine the equation
of the third side. (IIT-JEE 1984)

One of the diameters of the circle circumscribing the
rectangle ABCD is 4y = x + 7. If A and B are the points
(-3, 4) and (5, 4). respectively, then find the area of the
rectangle. (IIT-JEE 1985)

Two sides of a rhombus ABCD are parallel to the lines

y=x+2and y = 7x + 3. If the diagonals of the rhom-

bus intersect at the point (1, 2) and the vertex 4 1s on
the y-axis, then find the possible coordinates of A.

(IIT-JEE 1985)
The equations of the perpendicular bisectors of the
sides AB and AC of triangle ABC are x — v + 5 = 0 and
v+ 2y =0, respectively. If the point 4 is (1, -2), then find
the equation of the line BC. (II'T-JEE 1986)
Lnes L, =zax+by+c=0and L,=lkk+my +n=0
intersect at the point P and make an angle € with each

other. Find the equation of a line different from L, which
passes through P and makes the same angle 6 with L,.

(IIT-JEE 1988)

Let ABC be a triangle with AB = AC. If D 1s the
midpoint of BC, E is the foot of the perpendicular drawn
from D to AC. and F is the midpoint of DE, then prove
that AF is perpendicular to BE. (1IIT-JEE 1989)



12.

Straight lines 3x - 4y = 3 and 4x - 3v = 15 intersect at
the point A. Points B and C are chosen on these two lines

and D, respectively. If (15/4B)° + (10/AC)’ = (6/ADY’, find
the equation of the line. (I1T-JEE 1993)

such that 4B = AC. Determine the possible equations of 17. A rectangle PQRS has its side PQ parallel to the line
the line BC passing through the point (1, 2). y = mx and vertices P, , and S on the lines y = a, x = b,
(II'T-JEE 1990) and x = —b, respectively. Find the locus of the vertex R.
13. Find the equation of the line passing through the point (2, (IIT-JEE 1996)
3) and making an intercept of length 2 units between the 18. A straight line L through the origin meets the lines x + y
lines y + 2x =3 and v + 2x = 5. (IIT-JEE 1991) =landx+y=3atPand Q, respectively. Through P and
14. Show that all chords of the curve 3x* — y* — 2x + 4y = 0, ,? tWo _S_tm'ght ies L,_and L2 are drawn,‘ parallel to
which subtend a right angle at the origin, pass through a 2x —y =3 and 3x + y = 5, respectively. Lines L_u an‘d
fived point. Find the coordinates of the point. La ml_erls.lcc; at R. Show that the locus EFRI'IE_‘; _j‘é’:r;:uz's
a straight line.
(IIT-JEE 1991) e | ( )
_ _ _ : 19. A straight line L with negative slope passes through the
15. [?ete:nr{me all th_e values of a for whmlh the point (a, o) point (8, 2) and cuts the positive coordinate axes at points
lies inside the triangle formed by the lines P and Q. Find the absolute minimum value of OP + OQ
2x+3y-1=0 as L varies, where O is the origin. (HI'T-JEE 2002)
x+2y-3 =_0 20. The area of the triangle formed by the intersection of a
x—-6y-1=0 a IT"'EE 1992) line parallel to the x-axis and passing through P(4, k) with
16. . A line through A(-5, —4) meets the lines x i the lines vy = x and x + y = 2 is 4k°. Find the locus of the
=0,2x+y+4=0,and x - y - 5 =0 at the points B, C, point P ' (IIT-JEE 2005)
Answer Key
JEE Advanced Subjective Type
Single Correct Answer Type I 4x+7y—11=0,7x-4y—-3=0,7x—4y +25=0
1. a 2. d. 3. b 4. a. 3. C. 3. (B=<l5 )x + (2\/’5 - 3)y - (4\/5 ~2)=0
6. c. | 7. b. 8. d 9. a. 10. d. 3 ,T+S_]."—5ﬁ :Uﬂr.f+5_1’+5\/5 =
11. c. 12. b. 13. a. 14. d 15. b. 4. c=-4,(4,49),(2,0)
16. a 6. x—3y-31=0,3x+y+7=0
Multiple Correct Answers T}pe s 32 Sq. units 8. (0,0)or (U. 5/2)
l b > 3 d 9. 14x+23v-40=0
¢ Beailles Gy Bl T 10. 2(al + bm)(ax + by +¢)—(a + ) (Ix+my+n)=0
Matching Column Type 12. x-7v+13=00r7x+y-9=0
L. (a)(s): (b)(p). (q): ()r): (dH(p). (q). (s) 13. 3x+4y-18=0,x=2
- _ 15. xe (-3/2,-1)u (1/2, 1)
Assertion—-Reasoning Type 16. 2x+3v+22=0
1. c. 17. (m* = )x—my +b(m*+ 1)+ am =10
19. 18
Fill in the Blanks Type 20. y=2x+loryv=-2x+1
1. 2 sq. units 2. (3/4,1/2) |
3. (1,-2) 4. first quadrant
5. (1, 1) 6. x-T7y+2=0
True/False Type
1. True 2. True



Hints and Solutions

JEE Advanced

Single Correct Answer Type

1. a. Solving the given equations of lines pairwise, we get the

vertices of triangle as A4(-2, 2), B(2, -2), C(1, ). Then,
AB=V16+16 =4\2

BC= N1+9=+10

CA=\9+1=v10

Hence, the triangle is isosceles.

. d. We have P= (1, 0), 0 = (-1, 0), R = (2. 0). Let S = (x, y).
Now, given that SQ° + SR’ = 2SP°. Hence,

(x+ 1P+ +(x =2y + )y =2[(x - 1)’ + )]

or2c +2y =2x+5=27+2)  —4x+2

or2x+3=0

e
orx=-3

which is a straight line parallel to the y-axis.

3. b. N 3

= P i
e Y N
........ = .4
Y
As L has intercepts a and b on the axes, the equation of L is
x ¥ -
AT
e (1)

Let the x-axis and the y-axis be rotated through an angle 6 in
the anticlockwise direction. In the new system, the intercepts
are p and g (OP = p, OQ = q). Therefore, the equation of L w.r.t.

new coordinate system becomes

X ¥
prg~! (i)

As the origin is fixed in rotation, the distance of line from the
origin in both the cases should be same. Hence, we get

| |
d= = |
i':];} + = + |
a b qpl q |
| | I |
or + = T
al b:’ p: ql

. a. Let the two perpendicular lines be the coordinate axes. Let

(x, y) be the point, sum of whose distances from two axes is 1.

Then we must have ' AY
[x|+|y|=1 (x, y)p X
ortx+y=1] Iy X
The four lines are :

x+ty=lLx-y=l,x+y=1,x-y=1

Any two adjacent sides are perpendicular to each other. Also,
each line is equidistant from the origin. Therefore, the figure
formed is a square.

. ¢. The sides of parallelogram are x = 2, x = 3, y = 1,

y=3.
Vertices of parallelograms are as shown in the figure
The equation of diagonal AC is D2.5)  CQ.5)
y-1 x-2
5-1 3-2

or y=4x-17
and the equation of diagonal BD is
=23 Yy=23 A2, 1)  B(5. 1)

3-2 1-5
or 4x+y=13

. €. The lines by which triangle is formed are x = 0, vy = 0, and

x + y = 1. Clearly, it is a nght trniangle. We know that in a
right-angled triangle, the orthocenter coincides with the vertex

at which right angle is formed. Therefore, the orthocenter is
(0, 0).



Let m be the slope of PQ. Then,

Hence, the equation of PQ is

or

P
(2, 1)

" m—(-2) |

t:.=‘|n-45“'=}I ¥ m (2)

m+ 2

—2m

m+22=1-2mor=1+2m=m+ 2

_ _
m=-—3orm 3

x+3y-5=0

and the equation of PR is

or

Hence, the combined equatiuﬁ of PQ and PR is

or

y—=1=3(x-2)

x—y—3=0

(x+3y-5)(Bx—-y-5)=0

3¢ — 37 + 8xy — 20x — 10y + 25 =0

. d. § 1s the midpoint of Q and R. Therefore,
_( 7+6 3-1\_(13
s=( %45 =(5)

2
P(2,2)
0 \ R
(6,-1) (1372, 1) (7.3)
. __2-1 _ 2
Nuw.theslnpeanSlsm—z_Iy,}-_g

Then the equation of the line passing through (I, —1) and

parallel to PS 1s

or

y+1==5x-1)
x+9+7=0

intersection

or

For x to be an integer, 3 + 4m should be a divisor of 5, 1.e., of |,

Ix+4(mx+1)=9

(3+4dm)x=Sorx=

-1, 5, or —5. Hence,

5
3+4m

‘9. a. Solving given lines for the x-coordinate of the point of

10.

11.

12.

3+4dm=1orm=- % (not integer)

3+4m=—1orm=—1 (integer)

3+dm=Sorm= % (not an integer)

3 +4m= -5 or m= -2 (integer)

Hence, there are two integral values of m.

d. y = mx and y = nx are lines through (0, 0), y = mx + 1 and

y = nx + | are lines parallel to y
= mx and y = nx respectively

with y-intercept 1.

The wvertices are
A(1/(m — n), m/(m — n)). The
area of parallelogram is given

by

-‘.r= nr

00, 0),

2 x Ar(AOAB)

Il
rJ
*
b [—
-

l

|m-n|

m-=n m-—n

¢. The slope of OR is

(3¥v3-0)/(3-0)=

1.e., 8= 60°
Clearly, ZPOQOR

120°. OQ is the angle
bisector of the angle.
So, line OQ makes

7 Ay

ot §

y-

(0. 0)

120° with the positive Yy’
direction of the x-axis.

Therefore, the equation of the bisector of ZPQOR is
y=xtan 120° or y = —3x, i.e., V3x + y = 0.

b. Let any line through the origin meets the given lines at P and
Q as shown in figure.

\l. y
(0, 9/2)B

Paora. 0)
> x

D0, -6)

Now, from the figure, triangles OAP and OCQ are similar.

Therefore,
OP 0OA 94 E
o0 OoC 3 4



13. a. -y +2y=lorx=+(y—1) 5 a3 w3 —3m)
m=0orm=+3
Therefore, the equation is
y+2=v3 (x-3) (m =0 as given that line cuts the x-axis)
(1. 0) or Vix—v—-(2+3¥3)=0
16. a. Solving given lines for their point of intersection, we get the

0 > X point of intersection as (—c/(a + b), —c/Aa + b)).

Its distance from (1, 1) 1s

Y&

-

\/[H- £ ]#+(I+L]zc:2ﬁ (given)

a+b a+b

_}”:I""l I+}’=l

The bisectors of the above lines are x=0and y = 1. or (atb+c)y<4a+b)ior(a+b+c)-(2a+2b)y<0
or (c—a-b)c+3a+3b)<0
Sincea>b>¢c>0,(c—a-b)<Qora+b-c>0.

Multiple Correct Answers Type

1. a, b, c. For the concurrency of three lines px + gy + r = 0,
gx+ry+p=0,rx+py+q=0, we must have

P 9 7

g r p=0
So, the area between x =0, y= 1, and x + y = 3 is the shaded rp g
region shown in the figure. The area is given by (1/2) x 2 x 2 . I
=2 sq. units. or 3pgr-p'-¢-r=>0

+aq+r)p+qg +r—pg—pr-rq)=
14. d. The intersection point of y = 0 with the first line is o (pretripre pq—pr-rg)=0

B(-p, 0). 2. a., ¢. Substituting the coordinates of the points (1, 3) (5, 0), and
The intersection point of y = 0 with the second line is (=1, 2) in 3x + 2y, we obtain the values 9, 15, and 1, respectively
A(-g, 0). which are all positive. Therefore, all the points lying inside the

tniangle formed by the given points satisfy 3x + 2y > 0.
Substituting the coordinates of the given points in
Clpg, (p+ 1)(g+ 1)) 2x + 3y — 13, we find the values -2, -3, and -9, respectively,
The altitude from C to AB is x = pq. which are all negative. So, (b) is not correct.

Again, substituting the given points in 2x - 3y — 12, we get -19,
-2, and -20, respectively, which are all negative. It follows that
all points lying inside the triangle formed by the given point
satisfy 2x — 3y — 12 < 0. So, (c) is the correct answer.

The intersection point of the two lines is

The altitude from . 1o AC is

.
y__l+q(x+P)

Solving these two, we get x = pg and y = - pq. Finally, substituting the coordinates of the given point in —2x
Therefore, the locus of the orthocenter is x + y = 0. + y, we get 1, -10, and 4, respectively, which are not all
positive. So, (d) 1s not correct.
15. b. _ 3. d. The slope of x + 3y = 4 is —1/3 and the slope of 6x — 2y = 7
-: is 3. Therefore, these two lines are perpendicular, which shows
y=-\3x+] that both diagonals are perpendicular. Hence, PORS must be a
rhombus.
o, 1) Matching Column Type
L. (a)s); (b)-(p), (q); (c)(r); (d)(p), (q), (s)
= 0 Given lines are
L:x+3y-5=0
L:3x-ky-1=0
Li:5x+2y-12=0
L, and L, intersect at (2, 1)
' -~ L,, L,, L, are concurrent if
6-k-1=00rk=5
Let the slope of the required line be m. Then For L,, L, to be parallel

m+ﬁ|=ﬁ 13

—=—=k=-9
|- \3m 3k




For L,, L, to be parallel

E—i:&k—j

5 2 5

Thus, for k =5, lines are concurrent and for k = -9, ? , at least

two lines are parallel. So, for these values of k, lines will not
form tnangle.

Obviously, fork #5, -9, "?6 , lines form tnangle.

Assertion-Reasoning Type

1. c. The point of intersection of L, and L, is 4(0, 0).
Also, P = (-2, -2), 0 = (1, -2).

(0, 0)

(-2,-2) (1,-2)

Since AR is the bisector of ZPAQ, R divides PQ in the same
ratio as AP : AQ. Thus PR : RO = AP : AQ = 2N2 : \5. Hence,
statement 1 1s true. Statement 2 is clearly false.

Fill in the Blanks Type

. |[x|+|y|=1

The curve represents four lines: x + y = I, x — y = 1, —x
+ty=1l,-x-y=1.

These lines enclose a square of side equal to the distance
between opposite sides x + y = 1 and x + y = —1, which is given
by (1 + 1)/N1 + 1 = V2. Therefore, the required area is 2 sq.
units.

2. Giventhat3a+ 2b+4c=0.

Hence, %a + %b +c=10

Hence, the set of lines ax + by + ¢ = 0 pass through the point

(3/4, 1/2). Therefore, the given lines are concurrent at the point
(3/4, 1/2).

3..Ifa, b, c are in AP, then
at+tc=2b
ora-2b+c=10

Hence, ax + by + ¢ = 0 passes through (1, -2).

. The equations of sides of triangle ABC are as follows:

AB:x+y=1
BC:2x+3y=6
CA:4x-y=-4

Solving these pairwise, we get the vertices of the triangle as
A(-3/5, 8/5), B(-3, 4), C(-3/7, 16/7).

A

B _5 C

Now, AD is perpendicular to BC and passes through 4. Any
line perpendicular to BC is 3x — 2y + A= 0. As it passes through

(—3/5, 8/5), we have

3t amo
or A=35
Hence, the equation of altitude AD is
3x-2y+5=0 (1)

Any line perpendicular to side ACis x ~4x + u = 0. As
it passes through point B(-3, 4), we have

-3+16+u=0 or u=-13
Therefore, the equation of altitude BE is

x+4x-13=0 _ (ii)

Now, the orthocenter is the intersection point of (i) and (ii)
(AD and BE).

Solving (1) and (ii), we get x = 3/7, y = 22/7. Hence, the
orthocenter lies in the first quadrant. |

. Let the variable line be

ax+by+c=0 (1)
Then the perpendicular distance of the line from (2, 0) is
P\~ —
V& + b
The perpendicular distance of the line from (0, 2) is
__2b+c¢
S EryT

The perpendicular distance of the line from (1, 1) is

p _ath+c
N+ b
According to question,
pytp,tpy=0
- _2a+c+2b+c+a+b+c=u
Y + b
or 3a+3b+3¢c=0
or atb+c=0 (1)

From (i) and (ii), we can say that variable line (i) passes through
the fixed point (1, 1).



6. Let BD be the bisecicr of = 24830 T

# =

-’

Cil. 3)

and AB= (¥ -1lr-«1-Tr=10
BC=\3-1r—-(1-4r=5
AD:DC=2:1]

Therefore. by section formula, D = (1/3, 1/3). Therefore, the
equation of 8D is

_E3~1 .
\—1—13_5{1‘—3]
g 3
or _r—l—*_ﬁ—itr—S)
or Tv-T=x-35

L\ -
or x-Ty=2=

True/False Type

For the given lines, we have

5 4 0
|2 —10]=5(10+ 10) =4(5 + 20) = 100 - 100 = 0
2 1 5

Therefore lines are cor~urrent
Hence, the statement is true.

2. Given lines cut the x-axis at A(17/9, 0) and C(-19/2, 0).

AY

B(0, 17/6)

The given lines cut the y-axis at B(0, 17/6) and D(0, -19/3).
Now, 4, B, C, and D are concyclic if 4O x OC = BO = OD.
which holds. Hence, the given statement is true.

Subjective Type

1. Let the side AB of rectangle ABCD lies along 4x + 7y

+5=0. As (=3, 1) lies on this line, let it be vertex 4. Now,
(1, 1) is either vertex C or D.

D > £11:1)

@ &
A(-3,1) B

If (1, 1) is vertex D, then the slope of AD is 0. Hence, AD is
not perpendicular to AB. But it is a contradiction as ABCD is a
rectangle. Therefore, (1, 1) are the coordinates of vertex C.

CD is a line parallel to AB and passing through C. Therefore,
the equation of CD is
- 4
y=l=-5(x-1)

or 4x+7y-11=0
Also, BC is a line perpendicular to AB and passing through C.
Therefore, the equation of BC is

7
y-l=4x-1

or Ix—4y-3=0
Similarly, AD is a line perpendicular to AB and passing through
A (=3, 1). Therefore, the equation of line AD is
y=1= 41(.1'*-* 3)
or Ix—4y+25=0

. The given lines are

x-2y+4=0 (1)
and4x -3y +2=0 (1)
Both the lines have constant terms of same sign. Therefore, the

equations of bisectors of the angles between the given lines are
x-2y+4 4x - 3y +2

V1 +4 16 +9
Here. a,a, + bb, > 0. Therefore, taking positive sign on the
RHS, we get the obtuse angle bisector as

(4— VS +(2V5 - 3)y - (45 -2)=0 (iii)

. The given line is 5x — y = 1. Therefore, the equation of line L

which is perpendicular to the given line is x + 5y = A. This line
meets the coordinate axes at 4 (A, 0) and B (0, 1/5).

4Y
"B (0, 1/5)
i A(A, ﬂ}l',l’
0} = 1
Area of AOAB =% < OA OB
" | A
or 5=5xlxg
or A'=5§? x 2
or A=1+5V2

Hence, the equation of line L is
x+5y-5V2=0o0rx+5y+5v2=0

. Let ABCD be a rectangle and the coordinates of its opposite.

vertices A and C be (1, 3) and (5, 1), respectively.



A(l, 3) B

D (5.1)C

Given that other two vertices B and D lie on y = 2x + ¢. Hence,
the equation of diagonal BD 1s 2x —y + ¢ = 0.

Now, we know that the diagonals of a rectangle bisect each
other. Therefore, the midpoint of AC will lie on BD, which is
given by

M-z(] ;5, 3; L)E(?’,Z)
As (3, 2) lies on 2x — y + ¢ = 0, we have
2x3-2+c¢c=0
or c=—4
Hence, the equation of BD is 2x — y — 4 = 0. Now, the slope of
BD is m = 2 or tan 8= 2. Therefore,

cos 8= %; sin 6= :%—

Therefore, the equation of BD in symmetric form is
x-3 y—-2_ ;
INS 235 1)

Now, the length of diagonal AC is V4* + 2* = 20 = 2V/5. As the
diagonals of a rectangle are equal in length, BD = 2v5.

Also, M is the midpoint of BD. Therefore, BM = MD = /5. In

order to find B, we use the symmetrical form of line BD with
r = V5. Therefore,

x-3 y-2
e ____=‘\J§
1NS 245
or x=1+3,y=2+2
or B=(4,4)

Similarly, for point D (being in opposite direction of BD we use
r=-\5), we get
- 1—2 -
x—=3 1 = 3
INS 2145
or x==l+3,y=-2+2

or x=2,y=0
D=(20)
Hence, ¢ = —4 and the remaining vertices are (4, 4) and
(2, 0).
. Here, the equation of AB is

L S ) A
CCOS O csina
or x sin @+ y cos &= ¢ Sin & Cos (1)
Ya (c cos @, ¢ sin @)
(0, ¢ sin &) B =
csina N
C
a
(0] > X

coosa A(c cos at, 0)

The equation of PN (perpendicular to AB and through P) is

y=csina=cot ad(x—ccos )
or xcosa-ysin a=c(cos’a— sin’a) (i)
N is the intersection point of (1) and (11). Solving (i) and (i1), we
get

xX=ccos’a,y=csin

Al 113

cos a=(%)", sin a= (‘%)

Therefore, the locus of (x, y) 1s
21 y\2/3
()7 +(5) =1

or xP+y"=¢"

. The given equations of equal sides are

Ix-y+3=0 (1)

x+y-3=0 (11)
Let m be the slope of line which passes through the point
(1, -10).
Thus, the equation of line will be

y+10=m(x-1) (i1i)
Now, the given lines make same angle with the line in (i11).
Therefore,

‘m-? _|m+1
1+7mi 1l =-mi

: - 1
1.e..m=-=-3or 3

Hence, the required line is
y+10= 3@ -1 ory+10=3 (x-1)
e, x+y+7=0o0rx-3y-31=0

y=x+7

(-3, 4)4 [ ™\ 565, 4)

C(h, k)

>

From the diagram, BC 1L AB.

The slope of 4B is 0. Then,
FromBC, h-5=0 (1)
Also, the midpoint of AC lies on the given diameter. Therefore,
From (i) and (i1),

h=5and k=0
Hence, C is (5, 0). Therefore,

BC=4and AB=8
Therefore, the arca of rectangle 1s AB x BC = 32 sq. units.

8. A being on the y-axis may be chosen A(0, a)

as (0, a). The diagonals intersect at
P(l,2).

Again, we know that the diagonals -
will be parallel to the bisectors of P(1.2)
the two given linesy=x+2and y =
Ix+ 3, i.e.,

D




10.

x—y+2 Tx—y+3
— = 4 —
V2 5V2

or S5x -5y +10=%(Tx-y+3)

or 2x+4y-T7=0and 12x-6y+13=0

. Slope of diagonals are m, = —1/2 and m, = 2. Let diagonal
d, be parallel to 2x + 4y — 7 = 0 and diagonal d, be parallel to

12x — 6y + 13 = 0. The vertex A could be on any of the two

diagonals. Hence, the slope of AP is either —1/2 or 2. Therefore.

2= _ 1
I—D_ZM“E

- N 5
e, a=0or 3
Hence, A4 15 (0, 0) or (0, 5/2).

A(l. =2)

Bix,, v,) Clx,, vs)

Since the given lines are perpendicular bisectors of the sides as
shown in the figure, points B and C are the images of the point
A n these lines. Therefore,

=1 3+2 2(1-4)

Il

| =] T 1+4
L= »+t2 31 +2+5%)
ad = =-—

B(x,,v,) = (11/5, 2/5) and C(x,, v,) = (-7, 6)
Hence, the line passing through the points B and C is
14x + 23v - 40 = 0.

Q(h, k)

ar+ by +c=0

R{Ih "l-] »B
lx+my+n=0

Clearly, AP 1s the bisector of ZCPB.

Hence, the image of any point Q on line AC in line P4 must lie
on line PB. Therefore,

X;=h vi-h  2ah+ bk+c)

— — T C—

a b a: + bl
2a(ah+ bk + ¢)
or x,=- —— + h
a+b
2b(ah+ bk + ¢)
and y,=- 21 + k&

Now, R(x,, v,) lies on the line Ix + my + n = 0. Therefore,

2b(ah+ bk + ¢)
3 a + b’ i | =)

+h

?{ 2a(ah~ bk + ¢) "
- m

a-~b

Hence, the locus of QO is
2(al + mb)ax + by + ¢)— (@ + b*)Im+ my +n) =0

11. Let BC be taken as the x-axis with the origin at D. Let 4 be

taken on y-axis. Let BC = 2a. Now AB = AC, then the
coordinates of B and C are (—a, 0) and (a, 0), respectively. Let
DA = h. Then the coordinates of 4 are (0, A).
Hence. the equation of AC is

X oy

~+2 = (i)
a h Y
and the equation of DE
perpendicular to AC and A(0, h)
passing through the origin
IS
Xy %
h a F Y
h_‘lr' . »
or x=—- (1) B(-a,00 D ((a, 0)
Solving (1) and (i1), we
get the coordinates of E as
follows:
hy ¥ _
i h
or hky+dy=adh
or  y= ah
Toatk
ah’
S Sl
a+h
E= ( al’ ah )
a+h d+ K
Since F 1s the midpoint of DE, its coordinates are
( ak’ a‘h )
2a + 1) 2d + )
The slope of AF 1s
h o Er-h 3
2a + )
m, == 2
0- ? ¥
2a + k)
2h(@ + ) —dh
~ah’
_ &+ 2 :
e ah (')
and the slope of BE is
__gz__&‘ -0
_athk
2 2
ah +a
a+h
&k
al’ + a' + al’
- (ii)

a + 2K



12.

13.

14.

From (1) and (11), we have
mm, = —|
or AF 1 BE

The given straight lines are 3x + 4y = 5 and 4x - 3y = |5.
Clearly, these straight lines are perpendicular to cach other
(m,m, = —1), and intersect at 4. Now, B and C are the points
on these lines such that 4B = AC and BC passes through (1, 2).
From the figure, it is clear that ZB = ZC = 45°,

44x-3y-15=0
C

P +4y-5=0

Let the slope of BC be m. Then,

A m + 3/4 I

| = (34)m

or 4m+3=+(4-3m)
e, dm+3=4-3mordm+3=-4+3Im
e, m=2%orm=-T7

Hence, the equation of BC is

y-2=2(-1)ory-2=-Tx~1)

e, 7v—-14=x-lory-2=-TIx+17
e, x=-7y+13=00r7x+y-9=0

Given lines are

2x+y-3=0 (1)
and 2x+y-5=0 (ii)
Given AB=2
AL = distance between parallel
—5451 2

lines(i)and(ii)=
.‘,;iz: 2 V5

2
From AALB, sin a = AL: Jf_,= l

AB 2 5

tan ¢ = =
2

Now slope of given lines is — 2.
Let the slope of AB be m. Then

Im—(=2)l
lan & =
11+ m(=2)l
= i—l-= m+ 2
2 1-2m

= 1-2m=2m+4or2m-1=2m+4

= m=-=3/40rm=oco

Therefore, equation of lines can be x - 2 =0 or (y - 3) = (-3/4)
(x-2)

or 3x+4y-18=0

The given curve is
-y -2 +4y=0 (i)

1S.

16.

Let y = mx + ¢ be the chord of curve (i) which subtends an
angle of 90° at the origin. Then the combined equations of lines
joining the points of intersection of curve (i) and chord y = mx
+ ¢ to the origin can be obtained by making the equation of
curve homogeneous with the help of the equation of chord as

I~y - b{y —Cmr) T 4"‘{}’—(‘!?11') =0
or 3cX—-c -2y+2mx + 4y —4dmxy =0
or Be+2m)x =2(1 +2m)xy+ (4 -¢)y* =0
As the lines represented by this pair are perpendicular to each
other, we must have
Coefficient of x* + Coefficient of y* = 0
Hence, 3¢ +2m+4-¢c=0
or 2= m+c
Comparing this result with y = mx + ¢, we can see that
y = mx + ¢ passes though (1, -2).

Given linesare L, : 2x + 3y - 1 =0
L,:5x-6y-1=0
L,:x+2y-3=0
These lines can be drawn on coordinate axes as shown:

Clearly, from the figure, origin O and point P(¢x, &) must lie
on the opposite sides w.r.t 2x + 3y - 1 =0.
L(0,0):-1<0
= L(ao):2a+3a-1>0
= (Ba-1)a+1)>0
=> a<-lora>1/3 (1)
Oand the point (@, &) must lie tothe same side w.r.t.x+2y—-3=0.
L(0,0):-3<0
= Lo, ad):a+2¢-3<0
= (a+3)a-1)<0
= =3I2<a<] (11)
Again O and P (&, o) must lie to the same side w.r.t.

CSx-6y-1=0

=3 Ly 0,0):-1<0

= Lagd):5Sa-6a-1<0

= 6a-5a+1>0

= (Ba-1)2a-1)=0

= a<l3ora>1/2 (111)
From (1), (11) and (ii1)) common values of a are (-3/2, 1) U
(172, 1).

x-y=-5=0

A(-5, 4)

x+3y+2=0
Let @ be the inclination of line through A(-5, —4).



17.

x+5 y+4
cos® sin@

Therefore, equation of this line is r

(1)

Any point on this line at distance r from point A(-5, —4) is

given by
(=5 + rcos 6,4 + rsin 6)
[fAB=r,AC=r,and AD = r,, then
B(r,cos -5, r, sin 6—-4)
C(r,cos 85, r,sin 6-4)
D(r;cos 6-5, r,sin 6-4)

But B lies on x + 3y + 2 = 0. Therefore,

rrcos 8-5+3r,sinf-12+2=0
15 _
cos 6+ 3 sin €

or 3

or }%=cusﬂ+3sin9

As C lies on 2x +y + 4 =0, we have
2(rycos 8-5)+(r,sin6-4)+4=0

or r,=: 10 =
* 2cos@+sinb

or ﬁ=2't:-::u5 O+sin@
AC

Similarly, D lies on x - y = 5 = 0. Therefore,
rycos@-5-r,sin@+4-5=0
6

o r":cusﬂ—sinB:AD
or —6—=cus f-sin b
AD

Now, given that

(i) + (Ge) - (i)

(11)

(m)

or (cos@ + 3 sin@)’ + (2 cos 8+ sin 9}1 = (cos 6 - sin 9)?.
[Using (i), (11), and (ii1)]

or 4cos’@+9sin*8+ 12sin Bcos =0
or 2cos@+3sm@=0

or tanﬁ‘:—i?-

3
Hence, the equation of the required line is

}-‘+4=-%{x+ 5)

or Jy+l12=-2x-10
or 2x+3y+22=0

Let the coordinate of Q be (b, @) and that of S be (b, B). Let

PR and SO intersect each other at T
** Tis the mid point of SO

Since diagonals of a rectangle bisect each other, x co-ordinates

of Pis —h.
As P lies on y = a, therefore coordinates of P are (—h, a).

19.

Rth, k):
x=b

X = -b

Given that PQ is parallel to y = mx and slope of PQ = m.
ax-a
b+h

= «a=a+mb+h)

m

Also, RQ L PQ = slope of RQ = =

m

(1)

T sk =) (2)
h-b m m
From (1) and (2), we get
a-mb+h=k+ —l-[h—b]
m
= am+m (b+h)=km+ (h-b)
= (m:—l}h-mk+b({n'1+l]+am=0
Therefore, locus of (A, k) 1s
(m = x—my+bm +1)+am=0
The line y = mx meets the given lines at
1 - m 3 3m
P(m+ 1" m+ l)andg(m+1‘m+l
Hence, the equation of L, is
m l
(-"hm+ I)_z('t‘m+ l)
B 3 :
or _1*—1r—1—-*m+1 (1)
and that of L, is
Im \ 3
('}j_m+ I]__3('r_m+ l)
+ e 80 .
or y-3x—3—m+l (n)
From (1) and (ii), eliminating m, we get
y-2x-1
y+3x-3 2
or x-=3y+5=0
which is a straight line.
Let the equation of the line be
- 0’—'2}=m(.t—ﬂ),whercm{0
P=(8-2 0)and 0=(0,2 - 8m)
Now, OP + 00 =8 - 2| + |2 - 8m|
=10 + =2 + (-8m)
2 10+2‘J_ﬁ, x (-8m) 2 18
(using AM > GM)



20. A line passing through P(h, k) and parallel to the x-axis is Then. 4= (k. k). B=(1,1),and C = (2 - k, k). Therefore,

y=k (1) [k kD
The other two lines given are Arca of AABC = 5 R k l : =i
y=x (11)
and x + y =2 (i) Operating C, = C, - C.. we get
Let ABC be the triangle formed by the points of intersection of (0 k] ‘
lines (i), (i), and (iii), as shown in the figure. 3 y —D..‘-‘J; :L : =4r
Ya | |

5 (2=-2kNk-1) =4k

(k- 1)y =4k
k=1=2hork-1==-2h
k=2h+lork==-2h+1

Hence, the locus of (A, k) is

y=2x+lory=-2x+1



