Class XI Chapter 10 - Straight Lines Maths

Exercise 10.1

Draw a quadrilateral in the Cartesian plane, whose vertices are (-4, 5), (0, 7), (5, -5)
and (-4, -2). Also, find its area.

Answer

Let ABCD be the given quadrilateral with vertices A (-4, 5), B (0, 7), C (5, -5), and D (-
4, -2).

Then, by plotting A, B, C, and D on the Cartesian plane and joining AB, BC, CD, and DA,

the given quadrilateral can be drawn as

{0, 7B

{5 -5)

To find the area of quadrilateral ABCD, we draw one diagonal, say AC.
Accordingly, area (ABCD) = area (AABC) + area (AACD)

We know that the area of a triangle whose vertices are (xi, y1), (X2, ¥2), and (xz, y3) is

l’J|""'l (v =w )+ (=0 ) +x (1 = »)

Therefore, area of AABC
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Thus, area (ABCD) -+ =

The base of an equilateral triangle with side 2a lies along they y-axis such that the mid
point of the base is at the origin. Find vertices of the triangle.

Answer

Let ABC be the given equilateral triangle with side 2a.

Accordingly, AB = BC = CA = 2a

Assume that base BC lies along the y-axis such that the mid-point of BC is at the origin.
i.e., BO = OC = a, where O is the origin.

Now, it is clear that the coordinates of point C are (0, a), while the coordinates of point B
are (0, -a).
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It is known that the line joining a vertex of an equilateral triangle with the mid-point of
its opposite side is perpendicular.

Hence, vertex A lies on the y-axis.

.“.1’-
A
X B i x
- = . NS -
+ e 'F'
A
"-.'r,

On applying Pythagoras theorem to AAOC, we obtain
(AC)?> = (OA)* + (0C)?

= (2a)? = (OA)? + a2

= 4a° - 3% = (OA)?

= (0OA)? = 332

- 0A =34

[::\Emﬂ)

~Coordinates of point A =

[3a, 0

Thus, the vertices of the given equilateral triangle are (0, a), (0, -a), and (N ' }or
(—u@a._ DJ

(01 a)l (0/ _a)l and .

Find the distance between P{'T" Y } and U{I-" J'Ifjwhen: (i) PQ is parallel to the y-axis,

(ii) PQ is parallel to the x-axis.

Answer

The given points are P“" N } and 0“:- J":}_

(i) When PQ is parallel to the y-axis, x; = x5.
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\/{1 X }: v -n )

In this case, distance between P and Q B
T

= ﬁ“ll(_'l.": __1-'| }-

zl-"'! —.‘:||

(ii) When PQ is parallel to the x-axis, y1 = y».

= \/{I.‘ X }: Hn =y .]:

In this case, distance between P and Q Bl

—

= .\III{_T: — 4 .}:

= |.T: — X

Find a point on the x-axis, which is equidistant from the points (7, 6) and (3, 4).
Answer

Let (a, 0) be the point on the x axis that is equidistant from the points (7, 6) and (3, 4).

Accordingly., J{?—r;) +(6-0) .,l,lll{i—r:]: +(4-0)

— u'llél‘}m:r: —lda+36 :\."I‘]+u: —ha+16

—a' —14a+85 =Ja —6a+25
On squaring both sides, we obtain
a’-14a + 85 =a%*-6a + 25

= -14a + 6a = 25 - 85

= -8a = -60

15
B

3
Thus, the required point on the x-axis is * “ L

Find the slope of a line, which passes through the origin, and the mid-point of
the line segment joining the points P (0, —-4) and B (8, 0).

Answer
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The coordinates of the mid-point of the line segment joining the points
(0+8 —4+0) -
P(0,-4)andB (8,0)are" 2 2 /

It is known that the slope (m) of a non-vertical line passing through the points (x;, y1)

(4. -2)

-113 -lll

m= LI, EX

A ma I
and (x3, y») is given by T H

Therefore, the slope of the line passing through (0, 0) and (4, -2) is
2-0 2 1

4-0 4 2
1

Hence, the required slope of the line is 2

Without using the Pythagoras theorem, show that the points (4, 4), (3, 5) and (-1, -1)
are the vertices of a right angled triangle.

Answer

The vertices of the given triangle are A (4, 4), B (3, 5), and C (-1, -1).

It is known that the slope (m) of a non-vertical line passing through the points (xi, y1)

Y=V

m= X, E X
and (xz, y») is given by Xy — X
54
~Slope of AB (m;) 3—4
_1-5_ 63
Slope of BC (m,) —1-3 —4 2

Slope of CA (mj3) 441
It is observed that mims; = -1

This shows that line segments AB and CA are perpendicular to each other

i.e., the given triangle is right-angled at A (4, 4).

Thus, the points (4, 4), (3, 5), and (-1, -1) are the vertices of a right-angled triangle.
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Find the slope of the line, which makes an angle of 30° with the positive direction of y-
axis measured anticlockwise.

Answer

If a line makes an angle of 30° with the positive direction of the y-axis measured
anticlockwise, then the angle made by the line with the positive direction of the x-axis
measured anticlockwise is 90° + 30° = 120°.

JiY

o0° + 307

% X

"t

fine

'Ir'l.rl

Thus, the slope of the given line is tan 120° = tan (180° - 60°) = -tan 60° —V3

Find the value of x for which the points (x, -1), (2, 1) and (4, 5) are collinear.
Answer

If points A (x, -1), B (2, 1), and C (4, 5) are collinear, then

Slope of AB = Slope of BC

:>I—t_—l} 5-1

2=x 4=72

=2

—

2—x
= 2=4-2x
= 2x=2
= x=1

Thus, the required value of x is 1.
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Without using distance formula, show that points (-2, -1), (4, 0), (3, 3) and
(=3, 2) are vertices of a parallelogram.
Answer

Let points (-2, -1), (4, 0), (3, 3), and (-3, 2) be respectively denoted by A, B, C, and D.

D=3, 2) ]

A2-D) B (4. 0)

0411

Slope of AB 4+2 6
2-3 1 l

Slope of CD = 3-3 6 6
= Slope of AB = Slope of CD

= AB and CD are parallel to each other.
u
Now, slope of BC = -4
241 3 .
=—==3

Slope of AD = —3+2 -
= Slope of BC = Slope of AD

1
= BC and AD are parallel to each other.

=== 3
]

-
2

Therefore, both pairs of opposite sides of quadrilateral ABCD are parallel. Hence, ABCD is
a parallelogram.

Thus, points (-2, -1), (4, 0), (3, 3), and (-3, 2) are the vertices of a parallelogram.

Find the angle between the x-axis and the line joining the points (3, -1) and (4, -2).

Answer

_2-()

= ==2+4+1==1
The slope of the line joining the points (3, -1) and (4, -2) is 4-3

Now, the inclination (8 ) of the line joining the points (3, -1) and (4, - 2) is given by
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tan 6= -1
= 0 = (90° + 45°) = 135°

Thus, the angle between the x-axis and the line joining the points (3, -1) and (4, -2) is
135¢°.

The slope of a line is double of the slope of another line. If tangent of the angle between
1

them is 3 , find the slopes of he lines.

Answer

m, and m

-7
Let be the slopes of the two given lines such that = am

We know that if fisthe angle between the lines /; and /; with slopes m; and m,, then

L =
tan & = |———L

1+ m,m,

1
It is given that the tangent of the angle between the two lines is 3,

m—2m

1
3

L+ (2m)-m

1 —ml
——= :

3 (1+2m

| —m | —-m i
—>: T or — —| - —

3 1+ 2m 3 V1+2m ) 1+ 2w
Casel

1 B m

3142w
=1+ 2m" =-3m
=2m +3m+1=0

=2m +2m+m+1=0
= 2m(m+1)+1{m+1)=0

= (m+1)(Zm+1)=0

1
= m=—lorm=——
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If m = -1, then the slopes of the lines are -1 and -2.
! !
Ifm= 2 , then the slopes of the lines are 2 and -1.
Case I1
| m
3 l+2m

= 2m" +1=3m

=2m” =3m+1=10
=2m" =2m-m+1=10
=2m(m-1)=1(m=1)=0
=(m=1)(2m-1)=0

—=m=1lorm=

d | —

If m = 1, then the slopes of the lines are 1 and 2.

! and 1
, then the slopes of the lines are 2

ba | —

Ifm=
1

Hence, the slopes of the lines are -1 and -2 or 2and -1or1and?2or

a | II|-
A line passes through (%1.1) and ( "'ﬂ

k—y =m(h-x)

Answer

k=,
(¥.,) and {"r’-'df] is h—x, .

The slope of the line passing through

It is given that the slope of the line is m.

. K — Y
So—=m
h—x
= k—y =m(h-x)
Hence, k—y =m(h-x)

. If slope of the line is m, show that
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If three point (h, 0), (a, b) and (0, k) lie on a line, show that h

Answer

If the points A (h, 0), B (a, b), and C (0, k) lie on a line, then

Slope of AB = Slope of BC

b-0 k-b

a-h O-a
b k=b
a-h -a

= —ab=(k-b){a—h)
= —ab = ka —kh—ab+ bh
= ke + hh = kh
On dividing both sides by kh, we obtain
ka  bh_kh
kh  kh kh
a b

=>—+—=1

h ok

Hence, /1 K

= =1

ulb
k

Consider the given population and year graph. Find the slope of the line AB and using it,

find what will be the population in the year 20107

v

1

E 1029 ,/r
o B o

(=]

; 0T '_____..-I":;‘.Nﬁ. *}T}

=} -

= A _~

H 21 (1985, 92

£ |
""/E;'

O 1985 1990 1995 2000 2005 2010

Years
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5

Since line AB passes through points A (1985, 92) and B (1995, 97), its slope is
o7 -92

1
1995-1985 10 2

must pass through point C (2010, y).

Let y be the population in the year 2010. Then, according to the given graph, line AB
~Slope of AB = Slope of BC

1 y—97
:\._——
2 2010-1995
1 y-97
= — = —
2 15
=% —=y=97
2
= y=97=75

— p=7.5+97 =104.5

1

Thus, the slope of line AB is 2 , While in the year 2010, the population will be 104.5
crores.
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Exercise 10.2

Write the equations for the x and y-axes.

Answer

The y-coordinate of every point on the x-axis is 0.
Therefore, the equation of the x-axis is y = 0.
The x-coordinate of every point on the y-axis is 0.

Therefore, the equation of the y-axisis y = 0.

1

Find the equation of the line which passes through the point (-4, 3) with slope 2

Answer

We know that the equation of the line passing through point ['Y"'"v"}, whose slope is m,

i (y=w)=mlx—x,) .

1
Thus, the equation of the line passing through point (-4, 3), whose slope is 2 , is

(y-3) :%{.1'-#4}

2(y=3)=x+4
2y—6=x+4

Le,x=2v+10=0

Find the equation of the line which passes though (0, 0) with slope m.

Answer

We know that the equation of the line passing through point [.\r‘.,._v,,}’ whose slope is m,

i (y=w)=mlx—x,) .

Thus, the equation of the line passing through point (0, 0), whose slope is m,is
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(y = 0) =m(x - 0)

i.e., y = mx

zﬁj

Find the equation of the line which passes though (2, and is inclined with the x-
axis at an angle of 75°.

Answer

The slope of the line that inclines with the x-axis at an angle of 75° is

m = tan 75°

| J3+1
tan 43° + tan 30° I+ \F [~ q":a +1
— m = tan (457 + 30° e T 2 A -
[ ) |- tan 45°-tan 30° _1. ]_ TS N

[ Xo= Yo }

We know that the equation of the line passing through point , whose slope is m,

is {_1' - ."'l:-,]l| = 'm{""‘ - 'TIZ-} )

2,2
Thus, if a line passes though ( :]and inclines with the x-axis at an angle of 75°,

then the equation of the line is given as

‘ (V3-1)=(V3+1)(x-2)
y(V3-1)-23(V3-1)=x(V3+1)-2(V3+1)

Find the equation of the line which intersects the x-axis at a distance of 3 units to the

left of origin with slope -2.
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Answer

It is known that if a line with slope m makes x-intercept d, then the equation of the line
is given as

y =m(x - d)

For the line intersecting the x-axis at a distance of 3 units to the left of the origin, d = -
3.

The slope of the line is given as m = -2

Thus, the required equation of the given line is

y=-2[x-(-3)]

y=-2x-6

i,e.,2x+y+6=0

Find the equation of the line which intersects the y-axis at a distance of 2 units above
the origin and makes an angle of 30° with the positive direction of the x-axis.

Answer

It is known that if a line with slope m makes y-intercept ¢, then the equation of the line
is given as

y=mx+c

1
Here, c = 2 and m = tan 30° V3

Thus, the required equation of the given line is

1

R

. X4 2\.."5
J3
\Ell' =X+ 2\,-':5

. = [
Le, x—+3v+243 =0

V= x+2

W]

Find the equation of the line which passes through the points (-1, 1) and (2, -4).

Answer
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It is known that the equation of the line passing through points (x;, y1) and (x,, y») is

(x—x)

-1?2 - II

y=n=
X, — X,

Therefore, the equation of the line passing through the points (-1, 1) and
(2, -4) is

; —4-1
{l-l.l_l] = ]

2+1

[_1'+l]

{_1'-'}—_?3(.T+]}
3(yp—1)=-5(x+1)

Jy—3=-5x-5

Le,3x+3y+2=0

Find the equation of the line which is at a perpendicular distance of 5 units from the
origin and the angle made by the perpendicular with the positive x-axis is 30°

Answer

If p is the length of the normal from the origin to a line and w is the angle made by the
normal with the positive direction of the x-axis, then the equation of the line is given by
XCOS W + ¥y sin w = p.

Here, p = 5 units and w = 30°

Thus, the required equation of the given line is

x cos 30° + ysin30° =5

.1:'“'3--1‘-] =5

7 R

le., \,-"-3.1' +y=10

The vertices of APQR are P (2, 1), Q (-2, 3) and R (4, 5). Find equation of the median
through the vertex R.

Answer

It is given that the vertices of APQR are P (2, 1), Q (-2, 3), and R (4, 5).

Let RL be the median through vertex R.
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Accordingly, L is the mid-point of PQ.

f2-2 143
2 202 (0.2)
By mid-point formula, the coordinates of point L are given by * < 2
P (2.1}
L
Q R
(—2.3) {4, 5)

It is known that the equation of the line passing through points (x;, y;) and (x3, y») is
v, =¥

y=y =2 (x )

X, =X

Therefore, the equation of RL can be determined by substituting (x;, y1) = (4, 5) and
(x2, ¥2) = (0, 2).

2-5
y=S=——(x-4)
Hence, 0-4
=3 —J{m
—4
= 4(y-5 1:3{1—4]

=4y -20=3x-12

= 3x—4v+8=10

Thus, the required equation of the median through vertex R is >¥ ~4y+8=0

Find the equation of the line passing through (-3, 5) and perpendicular to the line
through the points (2, 5) and (-3, 6).

Answer

H=35
m= = —

The slope of the line joining the points (2, 5) and (-3, 6) is -3-2 5

We know that two non-vertical lines are perpendicular to each other if and only if their
slopes are negative reciprocals of each other.
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Therefore, slope of the line perpendicular to the line through the points (2, 5) and (-3,
1 1 _

w1
6) |'\. 3 4
Now, the equation of the line passing through point (-3, 5), whose slope is 5, is
(y—5)=5(x+3)
y=53=35x+135
Le, Sx—y+20=0

A line perpendicular to the line segment joining the points (1, 0) and (2, 3) divides it in
the ratio 1:n. Find the equation of the line.

Answer

According to the section formula, the coordinates of the point that divides the line
segment joining the points (1, 0) and (2, 3) in the ratio 1: n is given by

(n(1)+1(2) n(0)+1(3))

L l4n " l+n ),

n+2 3]

n+l mn+l

The slope of the line joining the points (1, 0) and (2, 3) is
3-0

-
=2

m=

2-1

We know that two non-vertical lines are perpendicular to each other if and only if their

slopes are negative reciprocals of each other.

Therefore, slope of the line that is perpendicular to the line joining the points (1, 0) and
1

2,3) m

el | =

-~

fn+2 3

1
. | is

it IJ and whose slope is

Now, the equation of the line passing through * nl

given by
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{ 3 \| -1 n+2"
= X
Von+l) 3 n+l)

—>3:[n+]‘_|._1.~—3]——[_1'{ar+|]—{n+3}]

= 3(n+1)y-9 :—(n+ |:I.".'+H+3

= (l+n)x+3(1+n)y=n+l1l

Find the equation of a line that cuts off equal intercepts on the coordinate axes and
passes through the point (2, 3).
Answer

The equation of a line in the intercept form is
Cre=] e (1)

Here, a and b are the intercepts on x and y axes respectively.
It is given that the line cuts off equal intercepts on both the axes. This means that a = b.

Accordingly, equation (i) reduces to

X W
— 4 —=]
a o

= x+Vv=a o (1)

Since the given line passes through point (2, 3), equation (ii) reduces to
2+3=a>a=>5

On substituting the value of a in equation (ii), we obtain

x + y =5, which is the required equation of the line

Find equation of the line passing through the point (2, 2) and cutting off intercepts on
the axes whose sum is 9.

Answer

The equation of a line in the intercept form is

¥

=1 e (1)

Here, a and b are the intercepts on x and y axes respectively.
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Itisgiventhata+ b=9=b =9 -a ... (ii)

From equations (i) and (ii), we obtain

X ¥
—_—f =] T
a 9-—a i‘ }

It is given that the line passes through point (2, 2). Therefore, equation (iii) reduces to

7 "."
—+ =]
a 9—a

(1 I
= 2| —+ ]:1
La 9—a,

r Y

s O—a+a ‘=I
u(‘)—;.a)i
18

= " =1
Qg —a”

= 18=%—a’

—=a —9a+18=10

=a —6a—-3a+18=0

= ala—6)—3(a—6)=0

=(a—6)(a-3)=0

=a=6ora=3

Ifa=6and b =9 -6 = 3, then the equation of the line is
x
E.
Ifa=3and b =9 - 3 = 6, then the equation of the line is

=l=x+2y-6=0

el =

X l=l_>1~r+_1' 6=0
i 6

2_1:
Find equation of the line through the point (0, 2) making an angle 3 with the positive
x-axis. Also, find the equation of line parallel to it and crossing the y-axis at a distance of
2 units below the origin.

Answer
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b1

-2

G

2_“ m= mn[—
The slope of the line making an angle 3 with the positive x-axis is 3

Now, the equation of the line passing through point (0, 2) and having a slope —J3 is

(y=2)==3(x-0)
y=2= —3x

Le, vix+yv-2=10

The slope of line parallel to line V¥ ¥ =2=0 5 -V3

It is given that the line parallel to line ¥3¥ T =2 =0 rosses the y-axis 2 units below the

origin i.e., it passes through point (0, -2).

Hence, the equation of the line passing through point (0, -2) and having a slope V3 g

y=(-2)==3(x-0)
v 2= \."E.‘{'

JIx +y+2=0

The perpendicular from the origin to a line meets it at the point (- 2, 9), find the
equation of the line.

Answer

9-0
M =—-—=
The slope of the line joining the origin (0, 0) and point (-2, 9) is -2-0

| D

Accordingly, the slope of the line perpendicular to the line joining the origin and point (-
2,9)is

Now, the equation of the line passing through point (-2, 9) and having a slope m; is
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(y-9) %(_T—z}

9y—81=2x+4
e, 2x—-9y+85=0

The length L (in centimetre) of a copper rod is a linear function of its Celsius
temperature C. In an experiment, if L = 124.942 when C = 20 and L = 125.134 when C
= 110, express L in terms of C.
Answer
It is given that when C = 20, the value of L is 124.942, whereas when C = 110, the
value of L is 125.134.
Accordingly, points (20, 124.942) and (110, 125.134) satisfy the linear relation between
L and C.
Now, assuming C along the x-axis and L along the y-axis, we have two points i.e., (20,
124.942) and (110, 125.134) in the XY plane.
Therefore, the linear relation between L and C is the equation of the line passing through
points (20, 124.942) and (110, 125.134).

125.134-124.942

(C-20)
(L - 124.942) = 110-20
A9
L-124942= u(('—lﬂ}
0.192 - . : : .
L= (C—20)+124.942. which is the required linear relation

9}

The owner of a milk store finds that, he can sell 980 litres of milk each week at Rs
14/litre and 1220 litres of milk each week at Rs 16/litre. Assuming a linear relationship
between selling price and demand, how many litres could he sell weekly at Rs 17/litre?
Answer

The relationship between selling price and demand is linear.
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Assuming selling price per litre along the x-axis and demand along the y-axis, we have
two points i.e., (14, 980) and (16, 1220) in the XY plane that satisfy the linear
relationship between selling price and demand.

Therefore, the linear relationship between selling price per litre and demand is the
equation of the line passing through points (14, 980) and (16, 1220).

MY o €
'|_.'_"-Jg[] :M{x_]il.]
' l6-14 :
240

v 98{1=qu 14)
_1‘—981]:121](.1‘—]4}
i.c.,_n==12ﬂ[_t—]4}+'98[r

When x = Rs 17/litre,
,1':I2D(]?—I4]+€FE{]

= ¥ =120%3+980 =360 +980 = 1340

Thus, the owner of the milk store could sell 1340 litres of milk weekly at Rs 17/litre.

P (a, b) is the mid-point of a line segment between axes. Show that equation of the line

is a b
Answer

Let AB be the line segment between the axes and let P (a, b) be its mid-point.

f 3

P (a, £

I

O B
Let the coordinates of A and B be (0, y) and (x, 0) respectively.
Since P (a, b) is the mid-point of AB,
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:>£:¢: and l:l"J
2 ]

Sox=2aand v=2b
Thus, the respective coordinates of A and B are (0, 2b) and (2a, 0).
The equation of the line passing through points (0, 2b) and (2a, 0) is

0-2b
[1-_1;;}:M{x_m
' (2a—0) '
=2h
—2bh=——/.
u{_r — Zh:} =—hx
ay—2ab =—hx

Le. bx+ay=2ab
On dividing both sides by ab, we obtain

by av  2ab

ab ab ab

X
=>—+==2
a b

Thus,the equation of the lineis @ b

Point R (h, k) divides a line segment between the axes in the ratio 1:2. Find equation of
the line.

Answer

Let AB be the line segment between the axes such that point R (h, k) divides AB in the
ratio 1: 2.
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¥
L

B

L K

Let the respective coordinates of A and B be (x, 0) and (0, y).

Since point R (h, k) divides AB in the ratio 1: 2, according to the section formula,

(1x0+2xx Ixy+2x0)
[h’k]zt 1+2 ' 1+2

9 ,
= (hk)=| “'T.,-‘]

L33
Iy :
:>a'r=i d[‘ldk:'}—
3 3
3h -
:>.'|.':T and y =3k

(3h )

]
Therefore, the respective coordinates of A and B areL 2 ) and (0, 3k).

(3h
oy
Now, the equation of line AB passing through points *~ < < and
(0, 3k) is
k-0 3h
—0)= _
(»=0) ﬂ_ah{_‘ 2
2
)

hy = =2k + 3hk
e, 2k + hy =3hi

Thus,the required equation of the line is 2kx + hy = 3hk

By using the concept of equation of a line, prove that the three points (3, 0),
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(-2, -2) and (8, 2) are collinear.

Answer

In order to show that points (3, 0), (-2, -2), and (8, 2) are collinear, it suffices to show
that the line passing through points (3, 0) and (-2, -2) also passes through point (8, 2).
The equation of the line passing through points (3, 0) and (-2, -2) is

2.0
(r-0)= 53+
_1'=_—;|[_1'—3'}
S5v=2x-06

e, 2x—=5v=06

It is observed thatat x =8 and y = 2,

LHS.=2x8-5x2=16-10=6 = R.H.S.

Therefore, the line passing through points (3, 0) and (-2, -2) also passes through point
(8, 2). Hence, points (3, 0), (-2, -2), and (8, 2) are collinear.
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Exercise 10.3

Reduce the following equations into slope-intercept form and find their slopes and the y-

intercepts.

(i)x+7y =0 (i)6x+3y-5=0(ii)y=0
Answer

(i) The given equation is x + 7y = 0.

It can be written as

rl':—%xﬂ'l (1)

1
m= and ¢ =10
This equation is of the form y = mx + ¢, where

Therefore, equation (1) is in the slope-intercept form, where the slope and the y-
i

intercept are Tand 0 respectively.

(ii) The given equation is 6x + 3y - 5 = 0.

It can be written as

y= ]1{—r}':l-+5}

J':—2x+; (2]

L | Ly

This equation is of the form y =mx+¢, wherem=-2and ¢ =

Therefore, equation (2) is in the slope-intercept form, where the slope and the y-
q

intercept are-2 and 3 respectively.
(iii) The given equation is y = 0.

It can be written as
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y=0x+0..(3)
This equation is of the form y = mx + ¢, where m = 0 and ¢ = 0.
Therefore, equation (3) is in the slope-intercept form, where the slope and the y-

intercept are 0 and 0 respectively.

Reduce the following equations into intercept form and find their intercepts on the axes.
(i) 3x + 2y - 12 = 0 (ii) 4x - 3y = 6 (iii) 3y + 2 = 0.

Answer

(i) The given equation is 3x + 2y — 12 = 0.

It can be written as

3x+2y=12

3¢ 2y

E-I-ﬁ:]

x y_
This equation is of the form « | b - , wherea =4 and b = 6.

Therefore, equation (1) is in the intercept form, where the intercepts on the x and y axes
are 4 and 6 respectively.

(ii) The given equation is 4x — 3y = 6.

It can be written as

LI

f 3

x_r_

i 2

. X Vv

J.E.HT+E—1 12)
-y

XV 3

This equation is of the form & b , where a = 2and b = -2.
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Therefore, equation (2) is in the intercept form, where the intercepts on the x and y axes
3

are 2 and -2 respectively.

(iii) The given equation is 3y + 2 = 0.
It can be written as

y=-2

X Y

This equation is of the form « b ,wherea=0and b =

el |

e | b2

Therefore, equation (3) is in the intercept form, where the intercept on the y-axis is

and it has no intercept on the x-axis.

Reduce the following equations into normal form. Find their perpendicular distances from

the origin and angle between perpendicular and the positive x-axis.

)y X—V3W+8=00iy o 5 g iy x-y =4

Answer

(i) The given equation is * —3y+8=0

It can be reduced as:

x—\ﬁy=—ﬂ

=% =X +‘J[3}-'=}<

J{—l;]g +(~JG) =J4=2

On dividing both sides by -, we obtain
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X x-'E 8
2 27 2
r NE
= ——]x+‘vll— y=4
L2 2
" =4 = J
= xc0s120°+ysin120° =4 (1)

Equation (1) is in the normal form.

On comparing equation (1) with the normal form of equation of line

X CoOsS w + y sin w = p, we obtain w = 120° and p = 4.

Thus, the perpendicular distance of the line from the origin is 4, while the angle between

the perpendicular and the positive x-axis is 120°.

(ii) The given equationisy - 2 = 0.

It can be reduced as 0.x + 1.y = 2

On dividing both sides by VO +17 =1 , we obtain 0.x + 1.y = 2

= Xx €0s 90° + ysin 90° = 2 ... (1)

Equation (1) is in the normal form.

On comparing equation (1) with the normal form of equation of line

X Cos w + y sin w = p, we obtain w = 90° and p = 2.

Thus, the perpendicular distance of the line from the origin is 2, while the angle between

the perpendicular and the positive x-axis is 90°.

(iii) The given equation is x - y = 4.

Itcanbereducedas1.x+ (-1)y =4

e (=1) =42
On dividing both sides by ¥ (=1) =2
l i IK_ 11 . 4
V20U 2) T J2
’ ’T\ ( T[\' -
= xcos| 2m—- | }-'s;in| 2n- |:3,J3
., A " K

— xcos315°+ysin315° = 22

Equation (1) is in the normal form.

On comparing equation (1) with the normal form of equation of line

X cos w + y sin w = p, we obtain w = 315° and

, we obtain
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Thus, the perpendicular distance of the line from the origin is 2‘-"{5 , while the angle

between the perpendicular and the positive x-axis is 315°.

Find the distance of the point (-1, 1) from the line 12(x + 6) = 5(y - 2).

Answer

The given equation of the line is 12(x + 6) = 5(y - 2).

= 12x+ 72 =5y - 10

=12x -5y +82=0..(1)

On comparing equation (1) with general equation of line Ax + By + C = 0, we obtain A =

12, B = -5, and C = 82.

It is known that the perpendicular distance (d) of a line Ax + By + C = 0 from a point
4o \Ax, + By, +C

(x1, y1) is given by VA + B

The given pointis (xy, y1) = (-1, 1).

Therefore, the distance of point (-1, 1) from the given line

12(—1)+(-5)(1)+82] ) ~12-5+82] ) 65| S uni
Uniis = ——==—— unils Units = 2 unies
J(12) +(=3) V169 13

X oy

—+==]
Find the points on the x-axis, whose distances from the line - 4 are 4 units.
Answer

The given equation of line is

X Vv

__|_'_=I

i o4

or, 4x+3y—-12=0 (1)

On comparing equation (1) with general equation of line Ax + By + C = 0, we obtain A =
4,B=3,and C = -12.

Let (a, 0) be the point on the x-axis whose distance from the given line is 4 units.
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It is known that the perpendicular distance (d) of a line Ax + By + C = 0 from a point
3 |.4,'I.‘| + By, +C
d= I 2
(x1, y1) is given by VA T+ B
Therefore,
[4a+3x0-12]
J=1— 1

Va7 +3°

|[4a—12|

= 4=
5

= |4a-12|=20
= *+(4a—-12)=20
= (4a—-12)=20 or —(4a-12)=20
= 4a=20+12 or 4a=-20+12
—a=8o0r -2

Thus, the required points on the x-axis are (-2, 0) and (8, 0).

Find the distance between parallel lines

(i) 15x + 8y -34=0and 15x+ 8y + 31 =0
(i/I(x+y)+p=0and/(x+y)-r=0
Answer

It is known that the distance (d) between parallel lines Ax + By + C; = 0 and Ax + By +

C -,

g
C, = 0 is given by VA + B .
(i) The given parallel lines are 15x + 8y - 34 = 0 and 15x + 8y + 31 = 0.
Here, A= 15,B =8, C; = -34, and G, = 31.
Therefore, the distance between the parallel lines is

=0, =34 =31 ] 05 ) 65 )
= units = units = - units

d= I - i S N
NATB L J(15) +(8)

(ii) The given parallel linesare/ (x+y) + p=0and/(x+ y)-r=0.
Ix+ly+p=0andix+Ily-r=20
Here, A=1/,B=1,C,=p,and G = -r.
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Therefore, the distance between the parallel lines is

-G p+r  p+r|  |p+r p+ .
i =— = Units = —— unils =——— units = — units
NE+B AP +P ’ V2 N2 A2

Find equation of the line parallel to the line 3x - 4y + 2 = 0 and passing through the

point (-2, 3).
Answer
The equation of the given line is
3x—4y+2=0
Iy

ory=—+

4
4

-

| 2

3

X+

[

ory=
, which is of the formy = mx + ¢

=~ Slope of the given line 4
It is known that parallel lines have the same slope.
m=—
-~ Slope of the other line = 4
3

Now, the equation of the line that has a slope of 4 and passes through the point (-2, 3)

is

3
|:1 —J] = 2 {.1‘—{—2]}
dy—12=3x+6

e, 3x—4y+18=0

Find equation of the line perpendicular to the line x - 7y + 5 = 0 and having x intercept

3.

Answer

The given equation of line is x—Ty+3= U'.
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Or,y=—x+

-1 | Ln

1
7 , Which is of the formy = mx + ¢

~Slope of the given line 7

The slope of the line perpendicular to the line having a slope of Tis
The equation of the line with slope -7 and x-intercept 3 is given by
y=m(x-d)

>y=-7(x-3)

>y=-7x+ 21

=>7x+y=21

Find angles between the lines Y%+ =1land x+3y=1

Answer

The given lines are V3%t =1land x+3y=1 .

1
y==3x+I W) andy=-—=x+ = -(2)

1
m, = ———
The slope of line (1) is = _‘E , While the slope of line (2) is \E .

The acute angle i.e., 8 between the two lines is given by
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tan @ = |1
1+ mym,
o 1
\."3{ -
tan & = ""31 -
]+(—x."'§:|[—
V3
-3 +1
."',_'r -2
tan @ = |—=—| = —
|+1‘ eNE)
I
tan ) = —
W3
& =30°

Thus, the angle between the given lines is either 30° or 180° - 30° = 150°.

The line through the points (h, 3) and (4, 1) intersects the line 7x - 9y — 19 = 0. at right
angle. Find the value of A.
Answer
The slope of the line passing through points (h, 3) and (4, 1) is
1-3 2
m = =
Cod-h 44—k
7 19 7

r'|_.l= — — n-il: —_———

The slope of line 7x -= 9y - 19 = 0 or 9 9 is 9,

It is given that the two lines are perpendicular.
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Somypmy, == 1

(a0 (7
— ® —]:—|
\4-h) b}z
-14
:;:, —
3694
=14 =36-94
=0h=36-14

:>~.~’r—E
9

22

Thus, the value of h is 9.

Prove that the line through the point (x;, y1) and parallel to the line Ax + By + C=01is A

(x =x1) + B (y - y1) = 0.
Answer

f i
—A -
Y= —].1'+[—J m= i
The slope of line Ax + By + C =0 or . B B is B
It is known that parallel lines have the same slope.
A

H = ——
= Slope of the other line = B

m =
The equation of the line passing through point (x;, y1) and having a slope

y=m(x—x)

PL-__T
F _E[-‘ -|]'

B(y-»)=-A(x-x)
A(x—x)+B(y-y)=0

.1- - 1

Hence, the line through point (x;, y1) and parallel to line Ax + By + C= 0 is
A(x-x1)+B(y-y1)=0

A
B

is
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Two lines passing through the point (2, 3) intersects each other at an angle of 60°. If
slope of one line is 2, find equation of the other line.

Answer

It is given that the slope of the first line, m; = 2.

Let the slope of the other line be m,.

The angle between the two lines is 60°.

m, —m,
Sotan 60° = |———=
I+ 1,
2—m,
=43 =
I+ 2m,
i

_}\E=+

N
2—m, J

1+2m,

2=m, (2,
S LN LY

I +2m, 1+ 2m,

—_ -J'E[I | Em:]:l m, or x.."E[I i Em':]: (2 m, )
=3+ Eﬁm: +m,=2or J3+ E\EH.': -m, =-21

= xn'"§+llv'f§+ I]:rr: 2or v@+{2\ﬁ—l}m: -2

3 (2 \,E:]

=M, = arm, =

R " )

Case I: M., [

23 +1

2—45]

2-V3)

{z 3+|]

The equation of the line passing through point (2, 3) and having a slope of is

2-V3 (5

'LI_B]ZEJEH

(
(2v3+1)y-3(2V3+1)=(2-3)x-2(2-43)
(1.!'{:':—1],1.'+{2 3+I]j-=—4+2ﬁ+ﬁﬁ+3
(\5—1]1—1-{2 3+I]_q.~:—|+g\ﬁ
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(V3-2)x+(243+1)y=-1+83
In this case, the equation of the other line is ' / - .

2+5)

Casell: m, = [2\.'{::. l)
—[2+v"§)
| | | | | (2v3-1)
The equation of the line passing through point (2, 3) and having a slope of * is
L 20)
0 -’]—m(-‘f 2)
(243-1)y=3(243-1)=-(2+3)x+2(2+53)

(2v3-1)y+(2443)x=4+23+643-3
(3+ V3 )x+(243-1)y=1+83

(243)x+(2V3-1)y=1+8V3
In this case, the equation of the other line is ' / .

(V3-2)x+(2V3+1)y=-14+8/3
Thus, the required equation of the other line is* / -

(243)x+(2V3-1)y=1+83

or

Find the equation of the right bisector of the line segment joining the points (3, 4) and
(-1, 2).

Answer

The right bisector of a line segment bisects the line segment at 90°.

The end-points of the line segment are given as A (3, 4) and B (-1, 2).

3-1 4+2) -
:[T‘ 2 |:f~|“}\P
Accordingly, mid-point of AB * = “« /
_2-4 -2 1
Slope of AB —I1-3 —4 2
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-2

x ]
~Slope of the line perpendicular to AB = LE

The equation of the line passing through (1, 3) and having a slope of -2 is
(y-3)=-2(x-1)

y-3=-2x+ 2

2x+y =5

Thus, the required equation of the line is 2x + y = 5.

Find the coordinates of the foot of perpendicular from the point (-1, 3) to the line 3x -

4y - 16 = 0.

Answer

Let (a, b) be the coordinates of the foot of the perpendicular from the point (-1, 3) to

the line 3x - 4y - 16 = 0.

U

-+

(1. ﬁj
Jx-dy-lo=0

h=3

Slope of the line joining (-1, 3) and (a, b), m; a+l

: 3
y==x-4,m =-
Slope of the line 3x - 4y - 16 = 0 or 4

Since these two lines are perpendicular, mim, = -1

(=3 (31
| Jx IJ_ I

va+l )L
_'Sh—‘J:_I
da+4
= 3h-09=—4g-4
=da+3b=35 : {]}
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Point (a, b) lies on line 3x - 4y = 16.
*3a-4b =16 ... (2)

On solving equations (1) and (2), we obtain

68
= 08 and b = 4—9
: 25
[ 68 49]
Thus, the required coordinates of the foot of the perpendicular are * 25 35 .

The perpendicular from the origin to the line y = mx + ¢ meets it at the point

(-1, 2). Find the values of m and c.

Answer

The given equation of lineis y = mx + c.

It is given that the perpendicular from the origin meets the given line at (-1, 2).
Therefore, the line joining the points (0, 0) and (-1, 2) is perpendicular to the given line.
3

= = 2
~Slope of the line joining (0, 0) and (-1, 2) -1
The slope of the given line is m.
Somx=2=-] [']'he two lines are perpendicular]

I
=m=
-

Since point (-1, 2) lies on the given linge, it satisfies the equation y = mx + c.

L2=m(-1)+e

1
— and

Thus, the respective values of m and c are 2

2 | Ln
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If p and g are the lengths of perpendiculars from the origin to the lines x cos 6 - y sin 6
= k cos 26 and x sec 6+ y cosec 6 = k, respectively, prove that p? + 4g* = k*
Answer
The equations of given lines are
X cos 6 - ysinB = k cos 26 ... (1)
x secH + y cosec 6= k ... (2)
The perpendicular distance (d) of a line Ax + By + C = 0 from a point (x;, y1) is given by
g Ax + By, +C
V£
On comparing equation (1) to the general equation of line i.e., Ax + By + C = 0, we
obtain A = cos@, B = -sinf, and C = -k cos 26.
It is given that p is the length of the perpendicular from (0, 0) to line (1).

|_4{{J}+H{ﬂ}+f'| ('| —ﬁ:tn:\'2h?|
P = = =
VA + B JA*+B \eos® @+sin’d

On comparing equation (2) to the general equation of linei.e., Ax + By + C = 0, we

o = |~k cos 26| ~A3)

obtain A = secf, B = cosecf, and C = k.
It is given that g is the length of the perpendicular from (0, 0) to line (2).

A(0)+B(0)+C c| —k
Sotf = = = == == — - = {—]-}
AT+ B VA'+B' [sec’ @+cosec’ @

From (3) and (4), we have
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o

1

p*+4q° =(—k cos26) +4

h,
=k cos” 260+ —— s .
{scr;' &+ cosec” H}
4k*

= k* cos” 20+ - o

T
Lcost e sint )
4k*

=k cos 20+ S
|' sin” &+ cos™ & |
\ sin” #cos” @ J

. . 4

= k" cos 26 +- h

I )
sin” Heos” @ )
=k’ cos” 20+ 4k sin” @cos’ @
=k cos™ 260+ k™ (2sinHcos 6"]-
= k* cos” 260+ k" sin* 26
'S {CGR: 26 +sin” 26 )

= )7

Hence, we proved that p? + 4g° = k.

\j‘.‘iﬁﬂ: 1 + cosec’ (}W

A

In the triangle ABC with vertices A (2, 3), B (4, -1) and C (1, 2), find the equation and

length of altitude from the vertex A.

Answer

Let AD be the altitude of triangle ABC from vertex A.

Accordingly, AD1BC
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Af2.3)

Bid, -1} D Cil.2)

The equation of the line passing through point (2, 3) and having a slope of 1 is
(v - 3) = 1(x - 2)

>x-y+1=0

>y-x=1

Therefore, equation of the altitude from vertex A =y - x = 1.

Length of AD = Length of the perpendicular from A (2, 3) to BC

The equation of BC is

241

v+l)=——(x—4
(r+1) = (x=4)
=(y+1)=—1(x-4)
= y+l=—x+4
= x+y=3=10 (1)
The perpendicular distance (d) of a line Ax + By + C = 0 from a point (x3, y1) is given by
g |Ax, + By, +C

- e 3

WA+ BT
On comparing equation (1) to the general equation of line Ax + By + C = 0, we obtain A
=1,B=1,and C=-3.
1x2+1x3-3 2 2 . .
:| e units = = units = NG units = /2 units

~Length of AD VIE+ 1 V2 =
Thus, the equation and the length of the altitude from vertex Aarey - x = 1 and ‘-'E

units respectively.
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If p is the length of perpendicular from the origin to the line whose intercepts on the
1 1 1

axes are a and b, then show that /& b
Answer

It is known that the equation of a line whose intercepts on the axes are a and b is
X v

— 4= |

a b

or hx +ay = ab

or bx +ay—ab =0 1)

The perpendicular distance (d) of a line Ax + By + C = 0 from a point (xi, y1) is given by
d:HM+W“W7

On comparing equation (1) to the general equation of line Ax + By + C = 0, we obtain A
=b,B=a,and C = -ab.

Therefore, if p is the length of the perpendicular from point (x1, y1) = (0, 0) to line (1),

we obtain
A(0)+ B(0)—ab)
2 r

Jh 4 at

!

|—m";
= p=

Va' + b’
On squaring both sides, we obtain

P“=(Tubl
a* +b’

= p’ {-ﬂ: +h° ) =a’b’

a- +b° 1

a b P
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[ 1 1

Hence, we showed that # & 7

NCERT Miscellaneous Solutions

=3 —(d— k) y+k* =Tk +6=0
Find the values of k for which the IineL Jr { J'l ’ is

(a) Parallel to the x-axis,

(b) Parallel to the y-axis,

(¢) Passing through the origin.

Answer

The given equation of line is
(k-3)x-(4-K)y+k*-7k+6=0..(1)
(a) If the given line is parallel to the x-axis, then
Slope of the given line = Slope of the x-axis

The given line can be written as

(4-K)y=(k-3)x+k’-7k+6=0
M—S} B =Tk+6
C +

(4-5) " (44)

, which is of the form y = mx + c.
(k-3)
~Slope of the given line = (4_'{;?}
Slope of the x-axis = 0

C(k=3)
(4-8)
=k-3=0
= k=3

=0

Thus, if the given line is parallel to the x-axis, then the value of k is 3.
(b) If the given line is parallel to the y-axis, it is vertical. Hence, its slope will be

undefined.
(k-3)

(k)

The slope of the given line is
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(k-3)
4—k*
Now, ( k } is undefined at k* = 4
kK*=4
> k==x2

Thus, if the given line is parallel to the y-axis, then the value of k is £2.
(c) If the given line is passing through the origin, then point (0, 0) satisfies the

given equation of line.

(k=3)(0)—(4=K7)(0)+k* - Tk+6=0

K —Tk+6=0

k> —6k—k+6=0
(k-6)(k-1)=0
k=1orb

Thus, if the given line is passing through the origin, then the value of k is either 1 or 6.

xeosd+ vsind = p

Find the values of 6and p, if the equation is the normal form of the

line Vx+y+2=0 _

Answer

The equation of the given line is VIx+y+2=0 .

This equation can be reduced as
\EI +yv+2=0

= —3x—-yp=2

[ o

,J'(—ﬁ]’ +(=1) =2

On dividing both sides by , we obtain
V312

- xX— V=
2 27 2
N

xeosd+ vsind = p

On comparing equation (1) to , we obtain
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cosfd = J__ sind = ],:mdp:]
1 3

2

I
=
| A
I
|

Since the values of sin 6 and cos 6 are negative,
Tm

Thus, the respective values of 6and p are 6 and 1

Find the equations of the lines, which cut-off intercepts on the axes whose sum and
product are 1 and -6, respectively.

Answer

Let the intercepts cut by the given lines on the axes be a and b.

It is given that

a+b=1..(1)

ab=-6..(2)

On solving equations (1) and (2), we obtain

a=3andb=-2o0ra=-2andb =3

It is known that the equation of the line whose intercepts on the axes are a and b is
: | ;} =lorbhx+ay—ab=0

Casel:a=3andb = -2

In this case, the equation of the lineis -2x + 3y + 6 = 0, i.e., 2x - 3y = 6.
CaseIl:a=-2andb =3

In this case, the equation of the lineis3x -2y + 6 =0, i.e., -3x + 2y = 6.
Thus, the required equation of the lines are 2x - 3y = 6 and -3x + 2y = 6.

What are the points on the y-axis whose distance from the line 3 4 is 4 units.

Answer

Let (0, b) be the point on the y-axis whose distance from line 3 4 is 4 units.
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The given line can be written as 4x + 3y - 12 =0 ... (1)

On comparing equation (1) to the general equation of line Ax + By + C = 0, we obtain A
=4,B=3,and C=-12.

It is known that the perpendicular distance (d) of a line Ax + By + C = 0 from a point

g Ax + By, +C

(x1, y1) is given by NAT+ B
é{ b4 =1
Therefore, if (0, b) is the point on the y-axis whose distance from line - 4 is 4
units, then:
4(0)+3(b)-12

\,Ill"']':+3:

|36-12)
= 4=

5

=20 =[35-12|
:>2{}=:|[337—I2}
= 20=(3h-12) or 20=—(3h-12)
= 3b=20+120r3b=-20+12

32 B
—bh=""orh=——

3 3

[ 32y (. 8
0=~ | (}.——]
Thus, the required points are * 3 Jand \
Find the perpendicular distance from the origin to the line joining the points
(cos@,sin@) and (cosg,sing).
Answer
cos,5ind) ¢ .8l L

The equation of the line joining the points ['"'mﬂ sint } and {cnsg‘.’r Sm'ﬁ{.}ls given by
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sin g —sin
cosg—cosd
v(cosg—cosd)—sin#(cosg—cosd) = x(sing—sind)—cosd(sing—sind)
x(sin@—sing)+ y(cos¢—cosd )+ cos@sing—cos#sin @ —sintl cos g +sindcosd =0
x(sinf-sing)+ y(cosg—cosd)+sin(g-6)=0

Ax+By+( =0, where A =sinf/—sing, B =cosg¢—cosd, and (' =sin(¢-#)

—sin = x—costd
J

It is known that the perpendicular distance (d) of a line Ax + By + C = 0 from a point

4o |Ax, + By, +C
(x1, y1) is given by VA + B
Therefore, the perpendicular distance (d) of the given line from point (x3, y1) = (0, 0) is
(sin@—sing)(0)+(cosg—cosd)(0)+sin(p—0)
J(sing —sin @)’ + (cosg - cos )
sin (¢ 0)|
Jsiuf A +sin’ ¢ —2sin @sin g + cos” ¢+ cos” @ -2 cospeosd
sin(;;'f-—ﬂ)|
\/(sinl # +cos’ H)+ [sin2 @+ cos’ ;ﬁ] —2(sin&sin g+ cosd cos ¢)
_ bing-0)
) J1+]—2{cns(¢5—ﬂ})
sin(¢—#)
J2(1-cos(¢p-0))
sin(¢- )|

()

sin(¢—0)

Esin[#s;{}]

Question 6:
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Find the equation of the line parallel to y-axis and drawn through the point of
intersection of the lines x -7y + 5=0and 3x + y = 0.

Answer

The equation of any line parallel to the y-axis is of the form

x=a..(1)

The two given lines are

x-7y+5=0..(2)

3x+y=0..(3)

5
x=—— and y = —
On solving equations (2) and (3), we obtain 22

[ 5 15

22 22]is the point of intersection of lines (2) and (3).

(5 |5] 5
Tamias | A==

Since line x = a passes through point * 22 22 ,

5

Therefore, *

Thus, the required equation of the line is- 22

X vy

—+==1
Find the equation of a line drawn perpendicular to the line 4 6 through the point,
where it meets the y-axis.

Answer

£4£—|

The equation of the given line is 4 6

This equation can also be writtenas 3x + 2y - 12 =0

y=-—"x+6
, which is of the formy = mx + ¢
3
~Slope of the given line 2
I 2

~Slope of line perpendicular to the given line vosd
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Let the given line intersect the y-axis at (0, y).
v
—=]l=y==06
On substituting x with 0 in the equation of the given line, we obtain 6

~The given line intersects the y-axis at (0, 6).
9

The equation of the line that has a slope of 3 and passes through point (0, 6) is
: 2.
y—6)=—(x-0)
(y=6)=7(x=0)
Jy—l8=2x
2x=3v+18=10

Thus, the required equation of the line is 2x=3y+18=0

Find the area of the triangle formed by the linesy - x=0,x+y =0and x - kK = 0.
Answer

The equations of the given lines are

y-x=0..(1)
x+y=0..(2)
x-k=0..(3)

The point of intersection of lines (1) and (2) is given by

x=0andy=0

The point of intersection of lines (2) and (3) is given by

x=kandy=-k

The point of intersection of lines (3) and (1) is given by

x=kandy=k

Thus, the vertices of the triangle formed by the three given lines are (0, 0), (k, —-k), and
(k, k).

We know that the area of a triangle whose vertices are (xi, y1), (X2, ¥2), and (xz, y3) is

l,?|-""| (v, = ] + {1 - )+x [J"l _.T?}

Therefore, area of the triangle formed by the three given lines
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T o o

O(—k=k)+k(k-0)+k(0+ R}| square units

1 ]

r I k_

.

square units

|
I3

k*| square units

= k* square units

Find the value of p so that the three lines3x + y-2=0,px+ 2y -3 =0and2x -y -
3 = 0 may intersect at one point.

Answer

The equations of the given lines are

3x+y-2=0..(1)

px+2y-3=0..(2)

2x-y-3=0..(3)

On solving equations (1) and (3), we obtain

x=1landy=-1

Since these three lines may intersect at one point, the point of intersection of lines (1)
and (3) will also satisfy line (2).

p(1)+2(-1)-3=0

p-2-3=0

p=5

Thus, the required value of p is 5.

. . =mX+c, V=mX+C, and y =m.x +¢c, are
If three lines whose equations are ) | 1> Z 2 J ; 3 €

concurrent, then show that " (ey—es)+my(es—e )+ my(e—c, )= 0.

Answer

The equations of the given lines are
y=mx+ ¢ .. (1)
y=mx+¢C,..(2)

Yy =msx + C3 ... (3)
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On subtracting equation (1) from (2), we obtain
0=(m,—m)x+(c,—¢)

= (m,—m,)x=c,—¢

i, — M,

On substituting this value of x in (1), we obtain

Ly — 6
y=m| ——— |+¢
m, = m,

.,

me, — M,
V= = -+,
m, —m,

myc, — e, + e — e

m, —m,
myc, — M,
m, = i,

'r %
. L =6 MG —mg

M =i I s the point of intersection of lines (1) and (2).

It is given that lines (1), (2), and (3) are concurrent. Hence, the point of intersection of

lines (1) and (2) will also satisfy equation (3).

m,cy = W,e, c, — ¢,
=y +c,

i — 1y | my —m,

H'Flli'] —H‘F:C'I H?;n’.'_—. — o) + L'_.‘H'II — f—'_—;”?r

m, = m, m, = m,
My C, = M,yC) — e, + myey — egmy +oym, =0

m,(c,—c;)+m,(c,—¢ )+m(c —c,)=0

Hence, my (e, —e; ) +my (e, —¢ )+ my(e —e, )= 0.

Find the equation of the lines through the point (3, 2) which make an angle of 45° with

the line x -2y = 3.
Answer
Let the slope of the required line be m;.
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-

Il

-t
3 | 2

, Which is of the formy = mx + ¢

~Slope of the given line= 2
It is given that the angle between the required line and line x — 2y = 3 is 45°.

We know that if Oisthe acute angle between lines /; and /, with slopes m; and m»

n, —m,
tan & = FE—
. + m,m,
respectively, then 12l
o |my—m,
Sotandit = ———
1+ i,
5~
= 1= =
m
[+~
2
(1-2m, )
2
— —
24 m,
2
[=2m,
=1=
2+m,
(1-2m, )
=1=%
' 2"'”"l
1 —2m, (1-2m, |
= 1= or | = 5
2+m, L 2+my
=24 m =1=2m or 24m ==1+2m,
I
—m =—— orm =3
-

Casel: m; =3

The equation of the line passing through (3, 2) and having a slope of 3 is:
y-2=3(x-3)

y-2=3x-9

3x-y=7
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e | =

Case II: m; =

e | =

The equation of the line passing through (3, 2) and having a slope of is:
1
y—2=——(x-3)
3
Jpy—b=—x+3
r+3y=9

Thus, the equations of the linesare 3x -y =7 and x + 3y = 9.

Find the equation of the line passing through the point of intersection of the lines 4x +
7y —= 3 =0and 2x - 3y + 1 = 0 that has equal intercepts on the axes.
Answer

Let the equation of the line having equal intercepts on the axes be

X v
—t = |
ol o
Orx+yv=a l]}
| -
x=—andy=—
On solving equations 4x + 7y - 3 = 0 and 2x - 3y + 1 = 0, we obtain 13 13
(L 1J
V13013 is the point of intersection of the two given lines.
1 5
Since equation (1) passes through point * 1313 ,
1 5
—+—=a
13 13
i
= a=—
13

b
x4 _\':—;, Le, [3x+13y=6

~ Equation (1) becomes

Thus, the required equation of the line is Bx+13y=6
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Show that the equation of the line passing through the origin and making an angle Bwith
y m*tanb

Yy=mx+cis=—=

the line X Iimtanﬂ'

Answer
Let the equation of the line passing through the origin be y = mx.

If this line makes an angle of 8 with line y = mx + ¢, then angle 6 is given by

m, —in
SotanB =|———
I+mm
y
-1
= tan @ = |-X
v
l1+—m
X
v
= —m
= tanf = +| &
y
1 im
voox
W y )
~—1m —m
= tanf = - or tanf=—| =
¥ ¥
I+ m [+-m
X voox
}f—m
tan B = &
l+-m
Case I: X
m
tan O = &
¥
l+=m
X
v
= tanf+ = mLanﬁ:F m
X X

= m+tanf = 1"-Iil—rntaanJ‘ll
N )

¥y m+tan®

X _l—mtanﬂ
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-m
tan 0 = —| X—
1+}m
Case II: oA
y
-m
tan0 = —| X
v
1+=m
5 X
v y
= tan+Zmtanf=—=—4+m
X X
v
= =(l+mtanB)=m—tan6
X
vy  m—tanB

— =
x l+mtant

y m*tanf

Therefore, the required line is given by * | Fmtan@

In what ratio, the line joining (-1, 1) and (5, 7) is divided by the line

X+y=47?

Answer

The equation of the line joining the points (-1, 1) and (5, 7) is given by

y=l=——(x+1)

3+1

(i)
p=l=—(x+1
y-1=2(x+1)
x—y+2=0 (1)

The equation of the given line is

XxX+y-4=0..(2)

The point of intersection of lines (1) and (2) is given by
x=1landy=3

Let point (1, 3) divide the line segment joining (-1, 1) and (5, 7) in the ratio 1:k.

Accordingly, by section formula,

Page 56 of 68



Maths

Class XI Chapter 10 - Straight Lines
(13) |’k{—|]+1{5} k()+1(7) )
A Y R Y .
£k N A
:’“13}: £+5£|T|

L l+k 1+ k)
-k+5 _k+7 .

— =1, -3
1+ & 1+ k

I—k+5_]

Col+k

= —k+5=1+k

=2k =4

= k=2

Thus, the line joining the points (-1, 1) and (5, 7) is divided by line

X + y =4 in the ratio 1:2.

Find the distance of the line 4x + 7y + 5 = 0 from the point (1, 2) along the line 2x - y

= 0.

Answer

The given lines are

2x -y =0..(1)

4x + 7y +5=0..(2)

A (1, 2) is a point on line (1).

Let B be the point of intersection of lines (1) and (2).

On solving equations (1) and (2), we obtain

(-5 —5)

~Coordinates of point B are 18 9 )
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By using distance formula, the distance between points A and B can be obtained as

[
#
f

AB= JL] +

5 57 .
+[2+ 1 units
18 a9

b, r
23V (23} .
=, | +| Lnits
Viig) Lo
M 23Y (237 .
= -|—| units
Vi2x9) L 9)
(237 (1 23
[ + units
Vio Jl2) Lo
23V (1 )
=, | | t F1 | units
Vio )4 )

23,5

Thus, the required distance is

Find the direction in which a straight line must be drawn through the point (-1, 2) so

that its point of intersection with the line x + y = 4 may be at a distance of 3 units from

this point.

Answer

Let y = mx + c be the line through point (-1, 2).

Accordingly, 2 = m (-1) + c.

>2=-m+c¢

Sc=m+

2

sy=mx+m+2.. (1)

The given line is
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x+y=4..(2)
On solving equations (1) and (2), we obtain
2—m Sm+2

and v =
m+1 m+1

_ [E—m Sm+2)

X=

m+1 m+l Jis the point of intersection of lines (1) and (2).

Since this point is at a distance of 3 units from point (- 1, 2), according to distance

formula,

[ "B -
I|"r 2—mi ]\| | Sm+2
1l‘lun+] . R J

|
gl
Lad

f2—m+m+17 | Sm+2-2m-=27Y

| m+1 F Y m+l ]
9 9’
:, . [ __9
(m+1) (m+1)

1+ m°
(0 + ]]:

= 14m =m +£14+2m

= 2m =1
= m=I0
Thus, the slope of the required line must be zero i.e., the line must be parallel to the x-

axis.

Find the image of the point (3, 8) with respect to the line x + 3y = 7 assuming the line
to be a plane mirror.

Answer

The equation of the given line is

x+3y=7..(1)

Let point B (a, b) be the image of point A (3, 8).

Accordingly, line (1) is the perpendicular bisector of AB.
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Aw3E
R -
x4 3p=-7
ne ia b
: ) - . . 1
Slope of AB= . while the slope of line (1)=-=
a—3 3
Since line (1) is perpendicular to AB,
f{f —E\' r .|*-_I
(=)
a=3,) 4 3)
h-8
h -1
3a-9
= h-8=3a-9
= 3a—-b=1 ~(2)
L +3 h+8)
Mid-point of ,i"n[f‘-=[£'r : |
2 2 )

The mid-point of line segment AB will also satisfy line (1).
Hence, from equation (1), we have
(a+3Y _(h+8

i : 3 |+ RL 1 _7

| ia
. =

= a+3+3b+24=14

= a+3h=-13 (3)

On solving equations (2) and (3), we obtaina = -1 and b = -4.

Thus, the image of the given point with respect to the given line is (-1, -4).

If the lines y = 3x + 1 and 2y = x + 3 are equally inclined to the line y = mx + 4, find
the value of m.

Answer

The equations of the given lines are

y=3x+1..(1)
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2y =x+ 3 .. (2)
y=mx+4..(3)
Slope of line (1), m; = 3
1
M, =—
Slope of line (2), 2

Slope of line (3), m3=m

It is given that lines (1) and (2) are equally inclined to line (3). This means that

the angle between lines (1) and (3) equals the angle between lines (2) and (3).

", —ni, |

) m,—m;|
a ]+m,n:1| ]+m:m.~|
1
—m
3-m| |2
L
L+3m| |y 1,
2
3—m/| [1-2m|
| +3m m+2|

- _ I." I _ b
I—m 2mi
= ==
14+ 3m m+2
J—m 1-2m 3—m (1—2m
— = or =-
1+3m  m+?2 1+ 3m i+ 2
-
3=m 1=-2m
If = . then

1+3m  m+2
(3=m)(m+2)=(1-2m)(1+3m)

= —m +m+b6=1+m—6m"
= 5m' +5=0
— [mz +1)= ]

= m = +/—1, which is not real

Hence, this case is not posible.
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3—m 1=2m
If =—L ] then
1+ 3m m+2

= (3—m)(m+2)=—(1-2m)({1+3m)
= -+ m+ b= —(1+n?—6m";'|
= Tm —2m-T=10

24 [4-4(7)(-7)

= m=

2(7)
2421+49
= m=
14
14542
== ~
;

1+542

Thus, the required value of m is 7

If sum of the perpendicular distances of a variable point P (x, y) from the linesx + y - 5

= 0and 3x - 2y + 7 = 0 is always 10. Show that P must move on a line.

Answer

The equations of the given lines are
x+y-5=0..(1)
3x-2y+7=0..(2)

The perpendicular distances of P (x, y) from lines (1) and (2) are respectively given by

X+y-5 3x—2y+7
g= 22T g = BT
Joy+0) V) +(-2)
. X+y-5 Bx=2y+7|
Le.d = and d, =

V2 V13

It is given that d,+d, =10 .
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Ix=-2y+7

|J.'+j-‘—5|+ _10

V2 Ji3
=13 x4 y =5+ V2 [3x =2+ 7]-10y26 =0
=13 (x+y-5)+V2(3x -2y +7)- 1026 =0
[Asmming (x+y-5)and (3x-2y+7)are pﬂﬁ.‘itive]
= JBx #4131y -5413 +342x - 2421+ T2 - 10426 =0
= x(V13+332)+ y(V13 =292 )+ (72 - 5413 -10V26 ) =0

line.

, Which is the equation of a

a v 3_ _ |+
Similarly, we can obtain the equation of line for any signs of{'RN +) 5} and ( ¥—2) ?] .

Thus, point P must move on a line.

Find equation of the line which is equidistant from parallel lines 9x + 6y - 7 = 0 and 3x
+ 2y + 6 =0.
Answer
The equations of the given lines are
9x + 6y -7=0..(1)
3x+2y+6=0..(2)
Let P (h, k) be the arbitrary point that is equidistant from lines (1) and (2). The
perpendicular distance of P (h, k) from line (1) is given by
y _[9h+6k-7| _9h+6k-7| |9h+6k-T
(9) +(6) V17 313
The perpendicular distance of P (h, k) from line (2) is given by
i — |31'?+2k+[1| _|3h+2i’+ﬁ|
BN OO EERE

Since P (h, k) is equidistant from lines (1) and (2), dy =d,
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_9h+6k-T7 3h+2k+06

313 J13

= 0h+6k -7 =33h+2k+6
= 9h+6k -7 =£3(3h+2k +6)
= Oh+6k —7=3(3h+2k+6) or 9h+6k—7=-3(3h+2k+6)

The case 9h+6k —7=3(3h+ 2k +6) is not possible as
Oh+6k—7=3(3h+2k+6)= -7 =18 (which is absurd)
Oh+6k-T7=-3(3h+2k+06)

9h + 6k -7 =-9h - 6k - 18

> 18h + 12k+ 11 =0
Thus, the required equation of the lineis 18x + 12y + 11 = 0.

A ray of light passing through the point (1, 2) reflects on the x-axis at point A and the
reflected ray passes through the point (5, 3). Find the coordinates of A.

Answer

Let the coordinates of point A be (a, 0).

Draw a line (AL) perpendicular to the x-axis.

We know that angle of incidence is equal to angle of reflection. Hence, let
¢BAL = £.CAL = @

Let .CAX = 6
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~£OAB = 180° - (6 + 20) = 180° - [0 + 2(90° - 6)]
= 180° - 6 - 180° + 20
=6
~.BAX = 180° - 8
3-0

Now, slope of line AC = 5
—a

— tanf = (1)
2=

-5
-

Slope of line AB = :

u

-

= tan (180°-¢) =

2
= —tan ! = ——
—

-

:>~tan{,3':il .(2)

o=

From equations (1) and (2), we obtain

3 2
5—a - a—1
= 3a—-3=10-2a
13
— i =—
5
i *
L

Thus, the coordinates of point A are * 50 .

Prove that the product of the lengths of the perpendiculars drawn from the points
[‘\I'f.f: —hz_l:}) and (—\-‘Ir.r: —f}z.[]] to the line £:r:ﬂm")‘+l_~;ir‘| d=1ish".
J . : i b
Answer
The equation of the given line is

x .
—cosé+—sinf =1
i h

Or, bxcosf+aysintd —ab =0 (1)
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a’ —El:,[]}
Length of the perpendicular from point ( to line (1) is

bcussﬁ(v‘a: —b* )+ asin@(0)-ab

|bcos a® —b — ab‘

b=

(2)

Jb* cos® @ +a’sin* 0 b cos?@+a’sin 0
. (Aa-po)
Length of the perpendicular from point to line (2) is
éms{?(—ﬂ)+asin O(0)-ab  beosOa® —b +ab )
. Jb* cos® @ +a’sin* @ i Jb cos’ @+a*sin’ @ -G)

On multiplying equations (2) and (3), we obtain
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‘hcu&ﬂ«fﬁr: —h* —ah (hmst’:h.'u: —h° +m"1)
(\fh: cos’ B+ a° sin’ H]h

(hms Aa -h* —uh](h cosa - h’ +uh]
[hz cos” @+ sin” ﬁ']

P =

[h costa® —b* ) —{m’:]:

(h? cos® &+ a sin’ r’:’r']
b*cos® B a’ — b’ ]— u"a’}:|

[h" cos” &+ a sin’ 6’)

ah’cos” @-h"cos” - r:.':h:|
b cos” @+a’sin® @
b la"cos” @=h cos" B—a’

bh* cos® @+a”sin” @

b la” cos™ B—b" cos” B—a”sin” @ —a” cos” H| o X

= = = — [mn‘f?%.:nsrﬂ:l]
h*cos” @+a sin” @

b —(:‘F cos’ @+ a’sin’ E?]

h*cos” @+a’sin® @
h* (h: cos” @+a sin’ H}
) (b°cos™ @ +asin’ 6)
= b

Hence, proved.

Question 24:

A person standing at the junction (crossing) of two straight paths represented by the
equations 2x - 3y + 4 = 0 and 3x + 4y - 5 = 0 wants to reach the path whose equation
is 6x — 7y + 8 = 0 in the least time. Find equation of the path that he should follow.
Answer

The equations of the given lines are

2x -3y +4=0..(1)

3x+4y-5=0..(2)
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6x -7y +8=0..(3)

The person is standing at the junction of the paths represented by lines (1) and (2).

1 22
x=——andy=—
On solving equations (1) and (2), we obtain 17 17 .
(1 22)
Thus, the person is standing at point " 1717 .

The person can reach path (3) in the least time if he walks along the perpendicular line

f 1 220

to (3) from point " 1717

Slope of the line (3) = 2

3 17
= — ||, 6 \| - _E
~Slope of the line perpendicular to line (3) \7)
(1 229 7

The equation of the line passing through * 1717 and having a slope of 6 s given
by
f 22y 7 (I
p—— | =——| x+—
. (:.[ I?J
6{[?_1'—32}=—?[I?.~;+]]
02y —132=—-119x-7
[19x+ 102y =125

Hence, the path that the person should follow is H9x +102y =125 .
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