MATHS FOR JEE MAIN & ADVANCED

HINTS & SOLUTIONS

EXERCISE - 1 12. D=0
Single Choice 2= 4(xfy)2
2. Reflecting a graph over the x-axis results in the line x=2(x-y) or x=-2(x-y)
M whose equation is ax — by = ¢, while a reflection x=2y or 3x=2y
through the y-axis results in the line N whose equation = line pair with slope 3/2 and 1/2 = D
is —ax + by = c. Both clearly have slope equal to a/b
(from, say, the slope-intercept form of the equation.) 13.
y D Clxs ¥s) E
0 line A :
0 L= X)) " B(x,)
o( E\\} Gm x
0
G
rv -0 £
ABCD, ABEC, ACBF are three possible
parallelograms.

R Jpa 3a 1
BP = |/x* +(y+4) 14. A=Z13b 26 1=0

> |AP-BP|=6 ¢ c 1
AP-BP=%6 — (2a—c)(2b—c)—(3a—c)(3b—c)=0
\/x2+(y—4)2*\/x2+(y+4)2 =+6 = 4ab-2ac—2bc+c*—(9ab—3ac—3bc+c?) =0
+ — =
On squaring we get the locus of P is > be-dab 101 5
9x2 — Ty?+63 = 0 (15 _+_:2[_j
a b c a b 2¢
21-x  x+1 2c
9. asshown= 3 - 3 . a,—,bareinH.P.
5

63-3x=13x+13 17. 2y -x) (y-mx)=mx’>—xy (2m+1)+2y*=0

C(13,21) = the equation to the pair of bisectors are :
x*-y>  —2xy
- — 192 2
m—2 " 2m+l = 12x° = Txy — 12y
G+ 2m+1 3 2(m—2) 38m—d1 3 ﬂ
T A T
16x=50 19. Figure is a parallelogram
25 25 1 33 11 1+3
X= g Hence m:(?"_ljg o4 8 Area—z(T'zj—8 Ans.
11. Let (h, k) be the centroid of triangle N x:; x=1
3h=cosa + sino + 1 e sl(1.1)
= (Bh-1)=cosa+sina ... {9)
X
3k = sina.— cosa. + 2 1.0} (1,0) o,
X+y=2
= (Bk-2)=sina—cosa ... (ii) ‘%&&
square & add (i) & (ii) I~
X+y=-2

9(x2+y?) + 6(x—2y) =3
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STRAIGHT LINE

24.

26.

30.

32.

X+22xy+2y* +4x+42y+1=0

= (x+2y+tp)x+ J2y+tq=0
ptq=4
= pq=1

p—q‘ -
-

Distance between parallel lines is

Jp+q)’—4pq  ~16-4 .
= _ _

NG

Area of rectangle BCDE =4mn

2m(m—n)
Areaof AABC= T
y
(—n,m) B(n,m)
Ct V=X
»A(m,n)
X

De

(—n,~m) E(n,—m)

=m?—mn
area of pentagon = 4mn + m? — mn
=m?+3mn

Here, x +2y—3=0and 3x+4y—7=0intersect (1, 1), which
does not satisfy 2x + 3y —4 =0 and 4x + S5y — 6 = 0.
Also, 3x +4y—7=0and 2x +3y—4=0 intersect at (5,—2)
which does not satisfy x + 2y—3=0and 4x + 5y—6=0
Intersection point of x + 2y —3=0and 2x+3y—4=0
is (-1, 2) which satisfy 4x+5y—6=0.

Hence, only three lines are concurrent.

a
m+m, =-10 = mm= T
givenm =4m, = m,=-2,m =-8,a=16

. Homogenizing the curve with the help of the straight

line.

5x%+12xy—-6y*+4x(x+ky)— 2y(x+ky)+3(xtky)*= 0
12x%+ (10 + 4k + 6k) xy + (3k* - 2k — 6)y*=0
Lines are equally inclined to the coordinate axes
.. coefficient of xy =0

= 10k+10=0 = k=-1

36.

37.

. Curve passing through points of intersection of S, = 0

&S =0is
[§+%,1j A+ Y2+ 2gx + 2f+¢) =0
above equation represents a pair of straight lines. They

2 2
are parallel to the lines — + Py + Mx*+ y*) = 0 which
a

represents a pair of lines equally inclined to axis as the
term containing xy is absent

Let the third PH reading is x

7.484+8.42+x
7TA< ———— <82
3
22.2<15.90+x<24.6
6.3<x<8.7
PH range should be in between 6.3 to 8.7

Let distance be ''.

A
2,5)

: ;\ifﬂx+y+4=o

Co-ordinates of 'P' are

(2+rcos 6,5 +rsin0) where tan =

which lies on the line 3x +y+4 =0
32+rcos0)+5+rsin@+4=0

r(3,i+§)+15—0
55

15

= r=——7F=-5
3
but distance can not be negative
r=5

B3
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MATHS FOR JEE MAIN & ADVANCED

EXERCISE -2

Part # I : Multiple Choice

8.

13.

18.

Use the condition of concurrency for three lines

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
. 7
so slopes of bisectors are ——, —
97
Equation of lines are
5= - 4 d 5= 2 4
= Tx+9y=73 and Ix-Ty=1
Line L to4x+7y+5=0is
(1. 1)
=31 4x+7y+5=0
Tx—4y+A=0
It passes through (- 3, 1) and (1, 1)
-11-4+1=0 = 1=25
7-4+1=0 = 1=-3

Hence lines are 7x — 4y +25=0,7x—4y-3=0
line || to 4x + 7y + 5 = 0 passing through
(1,1)is4x+7y+1=0

= 1=-11

= 4x+7y-11=0

Part # I1 : Assertion & Reason

*P(2,3)
; P lies outside the quadrilateral

4. S, : equation of such line is % + % =2
y
B (0,12)
A
o (100)\ ™ %

1
= Areaof AOAB= 3 x10x12=60

82 : In this situation area obtained is least infact.

6. AB=/(8)*+(19)* = /4255 AC=/(16)* +(13)}

A is isosceles

8. ax*+bx’y+cxy*+dy’=0

since this is homogeneous pair represent there
straight lines passing through origin

ax’ +bx’y +exy’ +dy’ = (y - m,x)(y — m,x)(y — m,x)
or puty=mx in given equation we get

m’d+cm?+bm+a=0

m, +m, +m,= _FC
+b
mm,+mym,+mm, = d
+a
m,mym, =

given two lines + hencemm, =—1=m, =a/d
eliminate m, from remaining equation

10. mll :g

m :Z(XZ—XI):E
b3(x,-x,) 3

(3x1,2x7-3) (3%5,2X,-3)

2

l

A=2,1) B(1,3)

2 11
A:% 1 3 1]=8
3x (2x-3) 1

B3
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STRAIGHT LINE

EXERCISE -3

Part # I : Matrix Match Type

1.

(B)

©

(A) Letthelines4x+5y=0and 7x+2y=0

represents the sides AB & AD of the parallelogram
ABCD, then the vertices of

2
A, B, D are (0,0), 2, 4 and (——, 1) respectively
3 3 3'°3

11
the mid point of BD is (E’ EJ

11
the equation of the line passing through (5’ E)
and (0, 0) will be x —y = 0 which is the required equation
of the other diagonal
So a=1,b=-1,¢c=0

a+b+c=0

Joint equation of lines OA & OB, O being the origin will be
2x2—by?+(2b— 1) xy — (x + by)(-2x+by) =0

= 4x>—(b+bY)y*+(Bb-1)xy=0

If these lines are perpendicular then
4-b-b’=0 = b+b’=4

Equation of line passing through intersection of
4x +3y=12and 3x +4y= 12 will be

(4x+3y— 12)+ A(3x+4y— 12)=0

If passes through (3,4) = (12+7(13))=0

12
= A=- e
Equation of the required line
16x—9y—12=0
. 3
length of intercepts on x and y axes are 1 and 3

Soab=1
(A) Slope of such line is + 1

1
(B) area of AOAB = 3 x 3 x4 =6 sq. units

2 f=103
(C) To represent pair of straight lines |[-1 -1 3| =0
-3 3 ¢

= ¢=3

(D) Lines represented by given equationare x +y +a= 0 and

x+y—9a=0
distance between these parallel lines is

10a
= —= =52
\/5 a

Part # Il : Comprehension

Comprehension #5

1.

d(OR)=d(AR)
x=0[+ly—0|=x—1]+]y-2|
xty=[x—1|+[y—2|
xty=—=x+1-y+2
2x +2y=3.
d(0S)=d(BS)
x=0[+ly=0|=x=2|+]y-3|
(Frx22&0<y<3).

(> x>0,y>0)

(F0<x<1&0<y<2)

xty=x—-2+3-y

112 Y=112

y=1/2.
which is an infinite ray

d(TO)=d(TC)
x=0[+|y—0]=[x—4[+]y-3]
x+y=[x—4[+[y-3]
Case:1 0<x<4 & 0<Ly<3.
xty=—x+4-y+3
x+y=17/2.

0<x<4 & y=3.
X+ty=-x+4+y-3
x=1/2.

Case: 1l

Case: Il x2>24 & 0<Ly<3.
X+y=x-4-y+3
y=—1/2.
Case:lV x>4 & y=>3. 3 5'X=1/2
Xx+ty=x—4+y-3 2 X+y=1l2
0=-7 (sorejected) 1 _
o0%1 2 3 4

B3
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MATHS FOR JEE MAIN & ADVANCED

Comprehension # 6

Slopes of the lines

3x+4y=5ism =— 4

and4x-3y=15ism,=

(SRR

F> mm=-1
. . ) T
given lines are perpendicular and £ A= 5
Now required equation of BC is
m = tan(n/4)
Immtan(n/4)

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

where m = slope of AB=— 1

equation of BC is (on solving (1))
x—7y+13=0 and 7x+y-9=0
L =x-Ty+13=0
L,=7x+y-9=0

ct+f=4

Equation of a straight line
through (2, 3) and inclined at an angle of (7/3) with y-axis
((/6) with x-axis) is

x—2 y-3
osn/6) " sm(n/e = X 3y=2-3

Points at a distance ¢ + f =4 units from point P are
(2 +4cos (1/6), 3 +4sin (1/6))= (2 + 243 ,5)

and (2 -4 cos (1/6), 3 —4 sin (1/6)) = (2 — 243, 1)
only (A) is true out of given options

Letrequired linebex +y=a
which is at [b—2a— 1| =[5 — 4 — 4/3 — 1| = 4./3 units
from origin

required line is x +y— 4+/6 =0 (since intercepts are
on positive axes only)

EXERCISE - 4
Subjective Type
ax’ + 2hxy + by* = (y — m x) (y — m,X)

5 — n
given that m, = m,

2h
Hence m +m,=—-——

b

Eliminate m, from both.

The combined equation of AB and AD is
S, =ax*+2hxy + by’ =0
Now equation of lines through (p,q) and parallel to S =0is

S,=a(x=p)>+2h(x—p)(y—q) *b(y—q)* =0
Hence equation of diagonal BD is S, —S, =0

= (2x—p)(ap +hq) +(2y-q)(hp+bq)=0

Consider a line ®x + my+n=0

3

point ( 4
r—
L@ (

O’ + mr’ +nr—(3m+n)=0

2

—J lies on the above line

r—
_3j +n=0
1

Jol:

>

3 2

7

r—1 r—

a, b, ¢ are the roots of the equation.

atb+c= —l_m , abtbctca= 12 , abc= 3m1+ L
Now taking LHS
3a+tbto)=——
RHS
3m+n 3m

ab+bc+ca—abc—12—[

+91-935
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STRAIGHT LINE

10. (i) D is mid point of BC Hence co-ordinates of D are

2 2

Therefore, equation of the median AD is

(X2+X3 y2+y3)

B(sz yz) D C(Xxs yLs)
Applying R, — 2R,
X y 1
X

1 Yi -0
X, tX; Y, tY;

N =

x y 1 x vy 1
=[xy li+[x vy 1|=0
X, vy 1 X; y; 1

(using the addition property of determinants)
(ii) Let P(x, y) be any point on the line parallel to BC
Area of AABP = Area of AACP

x y 1 x y 1
X Y 1= X, Y 1
X, ¥, 1 Xy y; 1

A, i) P, y)

B(Xx ¥2) C(Xs ¥s)

x y 1 x y 1
= (X Y 1 - X Y 1 =0
X, ¥, 1 X, y; 1

This gives the equation of line AP.

(iii) Let AD be the internal bisector of angle A,

BD_ BA ¢
DC CA b

(cx3+bx2 cy3+by2)
D= c+b ~ c+b

Let P(x,y) be any point on AD then P,A,D are collinear

A, 1)
®
P(x,y)
B(x. y.) D Clxs ¥s)
X % 1
X] YI 1
cx; +bx, cy, +by, 1= 0
b+c b+c
R,—>(b+c)R,
X y 1
X, Yi L
cx;+bx, cy,+by, b+c
x y 1 X y 1
X, y, 1 RS . 0
cX, Cy; C bx, by, b
(Addition property)
x y 1 x y 1
=c|X ¥ l{+b|x vy 1|=0
X; oy, 1 X, v, 1

This is the equation of AD.

11. Circumcentre is origin

OA’= 0B?=0C?
A(x,,x tan0))

B(x,,x,tan0,) C(x,,x;tanf,)
2 2 20 —2 2 2
X7 tXx7 tan’0, X5 tX5 tan’0,

2 2 20 — 2
X5 tX3 tane3 r

+91-9350679141
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MATHS FOR JEE MAIN & ADVANCED

X, =rcos0,x

»X,=1c0s0,Xx,=rcos0,

co-ordinate of vertices of the triangle become -
A(rcos0,, rsin, ), B(rcos0,, 1sind),
C(rcos 0,,1sin 0,)

, 2rcos9 , 2rsin6,
Ty YT s 16.
2 1
HX, y) G, y") C(0, 0)
(orthocentre)  (centroid) (circum centre)

0+x

Now, x'=

=1(cos 0, +cos 0, +cos 0,)

<o

=1(sin O, +sin 0, +sin 0,)

cos0; +cosH, +cos0;

~ sin6, +sinH, +sin O,

<l

13. Let point of intersection of lines is (x, y)

using parametric form of line

x—-2 _ y—1 _3

cos® sinB

x=3cos0+2, y=3sinf+ 1

This point satisfy equation of line
4y —4x+4+32 +3/10 =0

12(sin 0 —cos0) = —3v2(1+/5)

(1++/5)
22

RERE)
4

@

sin® —cosO =—

cos(0+45°) =

= cos(0+45°)=cos(180°-36°)

= cos(0+45°)=cos144°
Now from (i)
cos (6 +45°) = cos(180°+36°)

= 0=99°

= 0=171°

14. yt+2at=tx—at’
slope =t.
Let is passes through P(h, k)
- k+2at=th—at’

att +t(2a—h)+k=0 .. (1)

20.

it =-1}

17273

k
t3 = ;
Substituting t, in (1) we can get the desired locus
a2+ b2 =2
LetLis(x,,y,)
L is foot of perpendicular from point P(a, b) on line AB

. ()

equation of AB is bx +ay—ab=0
X,—a _y —b —(ab+ab-ab)

= b a a’+b’
Y
I
B(o, b)~-___7lp(a' b)
L/
I
l
[¢) A(a, o)” %
X,—a _y—b -—ab
b a ¢’
b2 2 _b2
X, =a— a_2:a(c—2) =¥ = ad=cX, .. (ii)
c c
similarly b>*=¢y .. (iii)

using these relations (ii) & (iii) in equation (i), we get
required locus.

Since A (4,2) and B (2,4) both lies same side of

3x+2y+10=0

PA+PB>AB

PA+PB'>AB = PA+PB=PA+PB’'(min.)=AB
Hence A,P,B'are collinear.

Image of B(2,4) in3x +2y+ 10=0....is
x-2 y-4 (6+8+10j

()

3 2 3*+2°
118 —44
= B'(x,y) 13713
A&, 2) B2, 4)
~ E Cd
o Y%

B3
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STRAIGHT LINE

(i)

now equation of AB’ isy -2 =

= Tx—17y+6=0........(ii)

solving (i) and (ii) we get (%, %J

in any triangle.
A4, 2)
B (2, 4)
3x+2y+10=0

[PA-PB|<AB

Hence |PA—PB|=AB when P, A, B are collinear
Hence equation of AB is

y=2=-1(x-4)

xty-6=0 .. @

solving (i) with3x +2y+10=0

we get (22, 28)

EXERCISE -5

Part#1: AIEEE/JEE-MAIN

(h-a + (k—b)*=(h—a, + (k—b)’
2h(a, —a,)+ 2k(b,—b,)+ (a2 + b —a?~b}) =0
P(h.k)

(a,b.)  (aub)
compare with (a, —a )x+ (b, —b,)y +c=0
(a§ +b3-a; —bf)

5 .
3h—1=acost+bsint

3k=asint—becost
squaring and add. (Locus)

c=

A(a cost, asint)

G(h,k)
B(b sint, -b cost) C(1,0)
(B3x—1)+9y?*=a’+b?
x2—2pxy—y*=0
pair of angle bisector of this pair oy -
I=(=1)  -p

2
= x'-y*+ ; xy=0
compare this bisector pair with x> —2qxy —y*=0
2

=-2 = =-1.
P q pq

Equation of AC

sino.— cosa

y—asina= (x—acos o)

coso +sino

B

(-asina, acosa)

CAN
0(0,0)
y(cos a + sin o) + x(cos o, — sin o)

= a(sin o cos o + sin? o, — sin o, cos o + cos’ o)
y(cos o+ sin a) + x(cos o — sin o) = a.

X-axis

+91-9350679141
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MATHS FOR JEE MAIN & ADVANCED

. ax+2by+3b=
h o k—2 9. ax+2by+3b=0

5, G(E,Tj bx—2ay—3a=0
X B y B 1
—6ab+6ab  3b’+3a’  —2a’-2b’

Hence point of intersection (0, —3/2)

Line parallel to x-axis y =—3/2.

2h
= 3 +(k-2)=1=2h+3k=9

A(2,-3
(2,-3) | 7 Q
10. > a,b,careinHP. - =—+— = — -
b a C a
: ) X
/ ° \ 2x+3y=1 given line N + % 4 R -0
B(-2,1) - C(hk) Clearly line passes through (1, -2).

Locus 2x+3y=09. o 7
11. Centroidis | 1, 0]

X
6. Letequationof lineis — + % =1
a A(1.1)

) 4 3

it passes through (4, 3) ; + g =1 P(-1,2) Q(3,2)

sum of intercepts is —1

= a+b=-1 = a=-1-b B(-3,3) C(5,3)

4 3 3 ,
=~ 1-p + b =1 = 4b-3-3b=-b-b 12. Pair of lines ax?>+ 2(a+ b)xy + by>=0

_ _ 1
= b'+2b-3=0 = b=-3,1 AreaofsectorAIZErzel

S y
b=1, a=-2 ERERE |
- 2
A2: EI' 62
_ _ X 'y )
T a2 Y - 4 0,+6,=180
givenA =3A, = 6 =36,
7. X*=2cxy-Ty*=0 = 0,=45°,0,=135°
2c
sum of the slopes m +m,= _—7
-1
Product of slopes mm, = 7
. 2c 4
glvenml+m2:4mlm2 = —_7 :7 = c=2.

8. Pair 6x’>—xy +4cy?=0 has its one line 3x + 4y =0

2/(a+b)’ —ab

-3x Angle between lines is =

- — a+b
= y=7
12 x> = 4(a’+b*+ab)=a?+b2+2ab
6+ T +dc —— =0 =24x2+ 3¢+ 902 =0 ( )
= 3a’+3b’+2ab=0.
= c=-3.
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STRAIGHT LINE

X
13. Letequation of line is ;+z =1.

. b Q(0, b)
By section formula 1 A@3, 4)
(
a_, iy G
5 = = a=
2 - 07
Zadol o oaxeay-4
c 3" = 4x+3y=24.
14. Since (1, 1) and (a, a%) Both lies same side with respect to
both lines
a—2a’<0 = 2a’-a>0

= a(2a-1)>0

1
ae (-, 0)u (5’ OOJ

y=3x

.(a @)
I/(1, 1) y=x/2

3a—a’>0 = a’-3a<o0

= a€(0,3)

L . 1
Hence after taking intersection a € (E, 3} !

15. AB=/(h—1)* + (k—1)’

BC=1

AC= \[(h-2)* + (k1)

AB2+BC2=AC?

= (h—1P+(k—1P+1=(h-2)+ (k1)

A(h, k)

B(1, 1)
= 2h=2=h=1

C(2, 1)

1
Area of AABC = 5\/(11_1)2 +(k=1)* x1=1

(K-1P=4 = k-1=+2

= k=3,-1.

16.

19.

. Slope of PQ=

The line segment QR makes an angle 60° with the posi-
tive direction of x-axis.
hence bisector of angle PQR will make 120° with +ve
direction of x-axis.
" Its equation
y—0 =tan120° (x—0)

R(3,3Y3)

60°
P(-1,0) Q(0,0)

y=-3x

xvV3+y=0

. Bisectorof x=0andy=0iseithery=xory=-—x

Ify =x is Bisector, then
mx*+ (1 -m)xX*’-mx*=0 = m+l-m*-m=0

= m’=1 = m==I.

1-k
Hence equation of L to line PQ

P o e
@ ad

P(1,4) 1k 7) Q(k, 9)

L2 '2)

7 (1+k)
L =(k-1 S
Y= 5 ( )(X 3 j
Put x=0
71 (1—k)(1+k)7
y—2+—2 =4

7+(1-K*»)=-8

= k=16 = k=+4
Hence possible answer = —4.

p(p*+ Dx-y+q=0
(P*+1)*x+(p*+1)y+2q=0are perpendicular
for a common line

= lines are parallel = slopes are equal

p(p’+) _ (@’ +D°
1 (P’ +1)

= p=-1

+91-9350679141
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20 . P_A'fg
. .e PB' _1
xH1IP+y’ =9(x-1)+y’)
X2+2x+1+y*=9x>+ 9y~ 18x+9
8+ 8y’ —20x+8=0 /QA’V)
10 "= 3
XAy - —x+1=0 A'(-1,0) B'(1.0)
4
. 5
circumcentre (Z’ Oj.
Xy
21, —+= =1
5 b
E+2—1 2_8 b=-20
5 b 0 b 5 77
z l—l 4 =20
5720 = YT
. 3
Line K has same slope = - =4
3y
€=y = Ax-y=-
dist: 23
istance = ——
V17
Hence correct option is (3)
22.
=-2x y =X
X
(1v_2)
D y=-2
—2,-2)/ (x, -2)
AD:DB=22:-/5
7 OD is angle bisector
of angle AOB
St: 1 true
St. 2 false (obvious)
23, x+y=la|
ax—y=1
If a>0

24.

X+ty=a
ax—y=1

x(l+a)=1+aasx=1
y=a-1
It is in the first quadrant
So a-120
ax1
ae(l,o)
If a<0
X+ty=-a
ax—y=1
+

x(1+a)=1-a

1-a -1
X:E>0 = m<0
W - 0
—1 1
B lI-a
Y_*a*E
—a—a’—-1
[i:]w = i++11<0

from (1)and (2) a € {¢}
correct answerisa € [1, ©)

a=3h
B-2=3k
B=3k+2

third vertex on the line 2x +3y =9
A2, -3)

B(-2, 1) A Cla, P)

200+3B=9
2(3h)+3(3k+2)=9
2h+3k=1
2x+3y—-1=0

B3
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STRAIGHT LINE

26.

27.

28.

C(§’ &] A ° . 2 B 31 Point of intersection of sides
55 (1,1) c (2,4)
C
8 14
Line2x+y=kpassesC| > =
55
28 14
5 5 A1) B
k=6 x—y+1=0 and 7x-y-5=0
(y—2)=m(x-1) Q sox=1,y=2
2 4
OP=1- m (1,2) SlopeofAM:E=2
0Q=2-m
1
Ol = - Equationof BD: y+2275(x+1)
1 1 1 2 = x+2y+5=0
Area of APOQ = 7(OP)(OQ) =7 | 77 J(2—m) Solvingx+2y+5=0 and 7x—y-5=0
_l[Z—m—iu} Ll 8 (L8
2 m 3’ 3 33
ot
2 m Part # II : IIT-JEE ADVANCED
m=-2
Eake tagny p?iigl?(o, 1) on given line 1. The number of integral points that lie in the interior of
qua 1on(1) 0 o square OABC is 20 x 20. These points are (X, y) where
y—0= 0 \/g(x—\/g) B o1 X,y=1,2, . ... ,20. Out of these 400 points 20 lie on the
a line AC. Out of the remaining exactly half lie in AABC.
~. number of integral point in the triangle OAC
,\/gyz,x+\/§ = gral p g
(3.0) 1
X,\/gyz\/g =5 [20x 20—-20]=190
#B'(0,~1
. \/gy —x_ 3 (0.-1)
y
coordinate of incentre R0, 2 1
X - — Sl T
2+2+242 2442 C(0, 21) eB(21, 21)
y
4/
- » X
C(0, 2) 0 A1, 0)

2

©.1) Alternative Solution

There are 19 points that lie in the interior of AABC and
on the line x =1, 18 point that lie on the line x =2 and so
on. Thus, the number of desired points is

20x19

19+18+17+....+2+1= 190
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MATHS FOR JEE MAIN & ADVANCED

Refer Figure

0,0) D A®#4,0)

Equation of altitude BD is x = 3.

3-4
.. slope of OE is 1/4
Equation of OE is

_1
y= 4%

Lines BD and OE meets at (3, 3/4)

slope of AB is —4

The lines given by x> —8x+ 12 =0 are x=2 and x=6.

y=9

5

y=
X=2 X=6

The lines given by y*— 14y +45=0arey=5and y =9
Centre of the required circle is the centre of the square.
Required centre is

(2+6 5+9j
PSR Rl G0

X2 -y +2y=1
x=x(y—1)
Bisector of above linesare x =0, y=1

so Areabetweenx=0,y=1 and x+y=3

1
5 X 2 x 2 =2 squ. units

A line passing through P(h, k) and parallel to x-axis is y =k.

..... @)
The other lines givenarey=x ... (ii)
and
y+x=2 . (iii)

Let ABC be the A formed by the points of intersection of
the lines (i), (ii) and (iii).
A(ks k) s B(l’ 1)9 C (2_k9 k)

kK k1
1
Areaof AABC= 1L 1 I =yp
2-k k 1
0 k1
C1—>C1—C2% 0 1 1 =4n?
2.2k k 1

= %\(2—2k)(k—l)|:4h2

= (k-1p=4> = k—1=2hk—1=-2h

= k=2h+1 k=-2h+1
locusof (h,k)isy=2x+1 y=—2x+1
Py (3,4)
R
O¢ »Q
(0,0) (6,0)

4
R is centroid hence R = | 3 =

3
PR _ OP
RQ 0OQ
L2 r L1
y = —2x |
y =X
< 5 >
_ Q(1,-2) y=-2
P(_27_2) - RT \ L3
v

PR_OP 23

RQ 0Q ™ 5

but statement — 2 is false
Ans. (C)

B3
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STRAIGHT LINE

8.

P=(-sin(B—oa),—cosP)

Q= (cos (B~ ), sin p)

R=(cos (B—a+0),sin(B—-06))
i

0<a,B,0< n
X, =cos (B —a)cos 0 —sin(B-a)sin0O

= Xp=X,.c0os0+x,.sin6
¥ = sin 3 cos 0 —cos B sin 0

= yR:yQ.cose+yP.sin6

For P, Q, R to be collinear

sin®+cosO =1

= sin (9+£j_L
4) 2

= not possible for the given interval 0 (0 , %)

= non collinear

(I+p)x—py+p(l+p)=0
(I+g)x—qy+q(l+q)=0
on solving (1) and (2), we get C(pq, (1 +p) (1 +q))

equation of altitude CM passing through C and
perpendicular to AB is x = pq

I+q
7 slope ofline (2) is= T

slope of altitude BN (as shown in figure) is = ljr_q

—-q
1+q

equation of BN isy—0= x+p)

35X

A o M B
(D'NLine @)

Let orthocentre of triangle be H(h, k) which is the point
of intersection of (3) and (4)

on solving (3) and (4), we get
x=pqandy=—-pq = h=pqandk=-pq
h+k=0

locus of H(h, k) isx +y=0
10. Letslope oflineL=m

m-(—/3)
1+m(—/3)

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

m++3 +3 -3m=0
m=/3

As L cuts x-axis

m++/3

=tan 60°=+3 = |———| =3
an 60°= 3 ‘1_&1 5

= m=.3
So Lisy+2=+/3(x-3)

11. (A)or (C) or Bonus

As a>b>c>0

= a-c>0andb>0
= a-c>0andb>0
= at+b-c>0

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

= option (C) is correct

Aliter
(a-b)x+(b—-a)y=0 = x=y

-c  —C
= Point of intersection | ——,
a+b a+b

2
Now (1+ ¢ j +(1+ ¢
a+b a+b

= \/E(LMJ<2\/§

jz <22

a+b

= atb-c>0

B3
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B MOCKTEST oy

12.
Q(3.3,0)
R(0,3,0)
/% *r (%%0‘ 1.
0 P(3,0,0)
35(352,3] 2
22
= =< 3 n
0Q=3i1+3j = OS=—1+E_]+3k
I 1 3
PR 1 1
cosO = 21 21 = 3 :\/5
2. =+ +1 2 5
n=0Qx0S=(i+j)x(i+]j+2k)
=k-2j-k+21 = 2i-2]
3 4-
X—y=»X = x=y = 13,000 = ﬁ
x-0 y-3 z-0
RS 333 =\
2 2
BN R
= X=5AYTT, 2=
T dist 1f§—3+9 \/E
istance = 47 = 45
(0,0,0)
(3, =32+43, 3
2 2
5.

=

9 3. Y 27
Ry Y e B, W R Lo
Z ( 5 J S I2-9h+9

WL
Cinds

1 2a a
Condition for concurrency |1 3b b| =0

1 4c ¢

3bc—4bc—-2a(c—b)+a(4c—3b)=0

(=2 \S)
o |-

1
—bct+2ac—ab=0 = =;+

Soa, b, carein H.P.

A)

point of intersection is A (=2, 0) . The required line
will be one which passes through (-2, 0) and is
perpendicular to the line joining (-2, 0) and (2, 3)

x%(sec’d — sin’Q) — 2xy tanb + y’sin’0 = 0

m, —m,] = \J(m, +m,)’ —4m;m,

2tan0\’ sec’0—sin’ 0
=~ 4| — | =2
sin” 6 sin”“ 0

B)
forx>0 y—\/§ x-2=0
x<0 y+\/§x—2:O

po[5 453 (5 445
27 2 | T2 2

distance of p on its angle bisector i.e.

4+5\/§J

2

y-axis is (O R

To find equations of AB and CD
= ABand CD are parallel to 3x —4y =0

and at a distance of 2 units from (1, 1)

B3
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STRAIGHT LINE

>
2

/ Y
( ,.1)
> X
(0]
D C
3-4+k
3x—4y+k=0 and ‘ B3
B(0, — 10)
-10
= k-1=210 = k=11,-9 \
equations of two sides of the square which are
parallel to 3x — 4y =0 are S P=(=4,-2) and Q=(-2,-6)
3x—4y+11=0 and 3x—4y—-9=0 . Letslopes of PM and QM be m, and m, respectively.
Now the remaining two sides will be perpendicular to
) . m =3 and m = <.
3x —4y =0 and at a distance of 2 unit from (1, 1) ! 22
4x+3y+k=0 Let ‘0’ be the acute angle between PM and QM
4+3+k 8. @
an ot =2 = k+7=110 = k=3,-17 Let O be taken as the origin and a line through O

parallel to L, as the x-axis and the line through O

o ) perpendicular to x-axis as y-axis (figure).
remaining two sides are

4x+3y+3=0 and4x+3y—-17=0 ) X
P (rcos0, rsing)
D) ¢
N ; A
N :
: %
A i y=1 5 - X
+— >X
—2i -1 9 1 2 : o
- Let equations of L, and L, in this system of
coordinates be y = c and ax + by = 1 respectively,

x=52 i /\\x - where a, b, ¢ are fixed constants.
i : Let equation of the variable line through O be

Let equation of ABbey=x+a X .y -
A(l-a,1) and B(,2+a) cosf  sinf
equation of AD is
y—-1=—1(x-1+a)

Then (rcos0, rsinB) are the coordinates of a point
on this line at a distance r from the origin O.
Let OP =1, OR =1, and OS =, so that coordinates

o D(-2,4-a) of P, R and S are respectively
Let C(h, k) mid point of AC = mid point of BD (rcos0, sinb), (r,c0s0, r sin0) and (r,c0s0, 1,5in0).
= h+1-a=2-2 = h=a-1 Since R lies on L, r;sin0 = ¢ and S lies on L,
andk+1=2+a+4-a = k=5 a.1,c080 +b . 1,sin6 = 1.
Locus of C(h,k)isy =5 c 1
=—: = ... 1
so that ', sin® andr, acosO+bsind M
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m+n m n

=t —
OP OR OS

Now we are given

m+n

m n
4 —
r Lo

m+n _msin 0

+ n (acos0 + bsinO)
r c

[from (1)]

= (m+n)c=mrsin 6 + cnarcosO + cnbrsin6

Therefore locus of P (rcos0, rsin0) is
cn(ax+by—1)+m(y—c)=0

which is a straight line passing through the

intersectionof L, :y—c=0andL,:ax +by=1

9. > point of intersection of the two ray is P(0, 2)

2 2
PointAis |—=,0| or | ——,0
(JE j ( 3 j

1 PO, 2)

St

- 4
tﬂ| N

and PO is bisector of the angle between two rays
required point is (0, 0)

m, —m, T
tanf = |——| =tanb=1 = 0= —
I+m, m, 4
10. (D)
S, : Image of (2, 1) inthelinex +1=0is (-4, 1)
S, is false
S,: ®+m=4
l+m . |
5 =2 S S, istrue

S, A(10,20), B(22,25), C(10,25)
AB?=(22-10)>+(25-20)* =169,BC*=122+0=144,
CA? =02+5%2=25

ABC is right angled triangle

Hence (10, 25) is orthocentre S, is true

S, : Equation of pair of bisectors of angles between lines
ax?—2hxy +by’=01is

22
X~y

_Xy
a—-b

~ -h
= —h(x*-y)=(a-b)xy
but y =mx is one of these lines, then it will satisfy it.
Substituting y =mx in (1)
—h (x*—m?x*) =(a—b) x. mx

Dividing by x2, h(1 —m?)+m(a—b)=0

11. Orthocentre O of the AABC is the incentre of the pedal
ADEF.

ED=+(20-8) +(25-16) =1

FD=20, EF=7
A
@9 A

F E(8, 16)

. (20, 25) c
_ 7x20+20x8+15x8 _
B 7+20+15 h
_ Tx25+20x16+15%9 _

7+20+15

0(10,15)

AC=y-2x=0

AB=3y+x-35=0
BC=x+y-45=0=A(5, 10), B(50,-5)C(15, 30)

12. (A,0)
<2 _b

2 Y75 N Va2 +b?

b - a T
\/az—i-b2 \/212+b2

B3
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STRAIGHT LINE

13.

14.

16.

(0, b)
ab
< 53)
(a, 0)
_a b _b 2
o T YT T
dx=2_b b 2
MEXT S T YT )
) . a+b a+b
the required points are D)

d(a—b b—aj
and | ——»——

Take A(0, 0), B(a, 0), C(a, a) and D(0, a) then M(a, a/2)
and P(a/2, a)

. 0 0 1 ,
AAMP=—| a a/2 1|= 3
2 8
a/2 a 1
a’ a’
AMAP = ry = AABM=AARP= b

3 2 2 o
Area of quad. AMCP = 28 LR
8 8 2

A0
tano tanff =— 1
= cos(a—B)=0

T

= a-B= E

(B)

Put2h=—(a+b) inax*+2hxy +by?=0

= ax’—(atb)xy+by*=0

= (x—y)(ax—by)=0

— one of the line bisects the angle between
co-ordinate axes in positive quadrant.

Also put b = —2h — a in ax — by we have ax — by

=ax—(-2h—a)y =ax+(2h+a)y

Hence ax + (2h + a) y is a factor of ax? + 2hxy + by?=0

17.

18.

19.

20.

21.

GV

(D)
Statement-II is true (standard result from high school
classes)
Statement-I :
Since AB may not be equal to AC,
perpendicular drawn from A to BC may not
bisects BC

statement is false

®)

ax® +bx’y + cxy? +dy*=0

3 2
= d[lj +c (zj +b (Zj +a=0
X X X
= dm’tcm’+bm+a=0
m, m,m, =-a/d

= m,=a/d

as two lines are perpendicular, put m, =a/d in
7 = a*tac+bd+d*=0

GV
ABC is aright angled triangle, right angled at C as (m

_(—4+2J(—4—6j_ .
M= S5 )\ 527 ) 7

Hence circumcentre is mid pt. of AB =(1, 2)

AC)

®)

13x+2y| [2x+3y+6|
VRN

= Xx-y—6=0 and 5x+5y+6=0

according to given equations of sides, internal angle

Bisector at C

bisector at C will have negative slope.

Image of A will lie on BC with respect to both bisectors.

A->®, B->06), O->P O->0

For point (a, a?) to lie inside the triangle must satisfy
a>0 L @)
a2>0 L. (ii)

and a+t2a’-3<0 ... (iii)
(2a+3)(a—1)<0

= a<l

= ae(0,1)

Hence correct answer is t

B3

Add. 41-42A, Ashok Park Main, New Rohtak Road, New Delhi-110035
+91-9350679141



MATHS FOR JEE MAIN & ADVANCED

(B) Since ZBCA=90°
Points A, O, B, C are concyclic
Let ZAOC=60

/ZBOC=ZBAC B

tan (E—ejzi 13
2 12

NO
x 5 [¢) A

y 12
= 12x-5y=0

(©) Slope of line joining the point (t— 1, 2t + 2) and its image
2t+2)-t  t+2

t—1-2t-1 —(t+2)

So slope of line is 1

Qt+1,1)is

(D) Image of point A(1, 2) in bisector of angles B and C lie on
the line BC.
Image of Ainx =y is (2, 1) and image of Ainy =0 is
(1 s 2)

So equation of line BCisy=3x-5

4
So d(A,BC)=—— So /10 d(A,BC)=4.

Jio
22. (A=), B)=>(@, (C)—>(), [D)—>(s)
k 3+1
(A) AHLBC. = (E\J (z} =—1
4=7h ... @)
BH L AC. (OHJ (ﬂj -1
0-5 h+2
A(h.k)
B ©
5,-1) (-2,3)
k-3=5(Mh+2) .. (i)

= 7h-12=20h+40

13h=-52
h=-4 s k=-7
A(-4,-7)
(B) x+y-4=0 ... @)
4x+3y—-10=0 ... (ii)

Let (h, 4 — h) be the point on (i),

|4h +3(4—h)-10|
3 -

then ie. h+2=+5

ie. h=3;h=-7
required point is either (3,1) or (-7,11)

(C) Orthocentre of the triangle is the point of intersection
of the lines

x+ty—-1=0 and x-y+3=0 1ie (-1,2)
(D) Since a, b, c are in A.P.
b At
2
. . . at+c
the family of lines is ax + y=c

y y
N X+= =—1
1.@.3( 2j+c(2 J7

point of concurrency is (-1, 2)

23.
1. (B)
®=60°, m=2
msin ® 2sin 60° 2><\/§/2 \/§
tan0 = = == —
l+mcos® 1+2cos60° 1+2x1/2 2

= 0=tan’! (%j

1
2. (D) w:60°,m1:2,m2275
and m;sino 2x~3/2 7£
e, = l+m, coso 1+2x1/2 2
—1/2x33/2 3 _4 1
tanf, = = X— =—

2 1-1/2x1/2 4 3

NG

B3
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STRAIGHT LINE

Let angle between the lines be ¢ then 3. since PQ= 16PL, therefore, LQ = 15 PL and so PQ’ = 14PL.
Thus n = 14 for the point Q'.
tand):|tan61—tan62 |: 2 3
|l+tan91tan92| 1——3><L o
2 3 L )

= ¢=tan”' (%} IQ

Since L and Q' are on opposites sides of P

3. (C _ sin60°
- © M Sin(30°-60°) =3 x-2 y+l 2+41+1
: . = =14. =28 .. Q'(30,-29)
equation of the line isy — 0=—./3 (x —2) 1 -1 2
e B3xty=243 26. D is mid point of AB and lies on the line 3x +y=6 A
24. A +r+1 2h-1
1. (B) = 3 2 + o 6\
Image of A(1,3) inlinex+y=21is 32 _Th+2=0 . 1)
2(2) 2(2))
A9 5 A9 A, A= 1
( 2 > )=ehh PAR A1)
A(1,3) E
DL 3X+y =06\
W12+x+12xf
s »(-2/5,-2/5) 2 'y
2 2 P R 2 ,
So line BC passes through (-1, 1) and (—g, g) . ¢BM +1,4)
1
A=7,2
Equation of line BC i 1 e >
quationotne BL1s ¥y =1 = =5 Cal) multiplication of slope of AB & line =—1
= 7x+3y+4=0 -1
2.(C) Vertex B is point of intersection of 7x + 3y +4 =0
andx+y=2 ic B=(=5/2,9/2) M-h-2=0 (@)
=-1,2
3-9/2 .
3. (A) LineABisy—3= (x—1) A= 2 satisfies both (1) & (2)
1+5/2
= @ ? 27. Let the line (L) through the origin is
25, x=rcosf
x-2 y-3 6-12+1 y =rsinf
1. 3 4 =-15 25 =3 as L intersects L at Q and OQ =r,
x=11, y=-9 coorsin@=mr cosO+c, L (4]
a=2 similarly, L intersects L, at R and OR =r,
x-1 y-I -5+12+6 r,sin@=mr cos6+c, = ... Q)
= = = 2 272 2
2 -5 12 26 169 2
x=-9,y=25
B=16
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4x,
—4-0
3 _3x
y-0= (x-a) » a=—
X, —a 3
P 10x,
y=-2x+
BC h h aat
il passes throug 3’3
Let P=(h,k) & OP=r x,=3/5 a=1
Lorsnrn A3 3 4 3
All+=,=x=
& h=rcos®6 “) 53 5
k=rsin6 S) . 8 4 5 .
puttingthevaluesofr1 andr2 from (1) and (2) in (3) 5 5 2((1 B)=6.
2 l )
= T T e 6
! (sin®—m, cos0) * (sin®—m, cos 0) © 29. 2
F> 0,-0=0-0, = 20=0 +0,

putting the value of cosO and sin0 from (4) and (5) in (6),

we get

M)

= =7 n\(k b
T T T T

= (k-mh)(k-mh)=cc,
replacing (h, k) by (x, y) we get the desired locus

as (y-mx)(y-mx)=cc,

28. (6)
LetOC=a

OC=CA=AB=BO=a
X ﬂ a+Xx ﬂ
Let 1° 3 A 12 3

lox?
+ % = a (7 ODB is aright angle triangle)

p B (X,, 4x,/3)
o (213, 2/3)
Y
o3y
X—>

0 D C(a, 0)
«—a—>

5%
3
7 equation of BC is

30.

tan 0, +tan0,
1—tan6, tan6,

tan26 =

1
= tan6=2 or D)

slope of longer diagonal is = 2

Consider region OABC, x-coordinate downword very
from0Oto—10

0,00  (0,1) .. (0,10)—> 11
1,00 (L,1) ... 1,100 11 | 11
¢

(-10,0) (-10,1) (~10,2),(~10,10)—> 11
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STRAIGHT LINE

Similarly ODEF = 112

origin is common to both = integral point in

regionOABCand ODEF=112+112-1=241 ......

consider region OAF excluding OA & OF
(1,9),(1,8)...(1,1)>9
2,8),2,7)...2,1)>8

(10, 10)2 2(0,10)
c (10, 0)
(~10,10) F
E
(10, -10)
(0, ~10)
©, 1) 1

. 9x10 .
=total points 1 +2+....... +8+9= — =45 points

similarly region OCD=45points ...
total integral points =241 +45+45=331
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