Class XI — NCERT — Maths Chapter 10
Straight Lines

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.

Solution 1:

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

; X
6 17

CB. -9

To find the area of quadrilateral ABCD, we draw one diagonal, say AC.
Accordingly, area (ABCD) = area (A ABC) + area (A ACD)
We know that the area of a triangle whose vertices are (X1, y1), (X2, y2), and (X3, ys) is

1
E\xl(yz—y3)+xz(y3—y1)+x3(y1—yz)\
Therefore, area of AABC

1 ]
:E‘—4(7+5)+0(—5—5)+5(5—7)un|t2‘
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:%‘—4(7+5)+0(—5—5)+5(5—7)‘unit2
:%‘—4(12)+5(—2)‘unit2
=1|—48—10|unit2

2
~ 1| sgjunit?

2

= l x 58unit?
2

= 29unit?
Area of AACD

:%\_4(—5+ 2)+5(~2-5)+(~4)(5-5)|unit’
:%|—4(—3)+5(—7)—4(10)|unit2
:%|12—35—40|unit2

=%|—63|unit2

=§unit2

Thus, area (ABCD) = (29 + %) unit® = @ unit® = %1 unit?

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

Solution 2:

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).

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.
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On applying Pythagoras theorem to A AOC, we obtain
(AC)? =(OA)’ +(OC)’

= (2a)2 = (OA)2 +a’

= 4a’-a’=(0AY’

= (OA)’ =342

= OA=\/3a

. Coordinates of point A = (J_r\/§a, 0)

Thus, the vertices of the given equilateral triangle are (0,a),(0,—a),and (\/§a,0)or(0, a),(0,—a),and (—\/§a, O)

Find the distance between P(x,,y;) and Q(X,,y,) when (i) PQ is parallel to the y-axis, (ii)
PQ is parallel to the x-axis.

Solution 3:

The given points are P(x,,y;) and Q(X,,Y,).
(i) When PQ is parallel to the y-axis, X1 = Xo.

In this case, distance between P and Q = \/’(xz —)(1)2 +(y, - y1)2

= (Y2 _yl)z
:|y2_y1|

(i) Inthis case, distance between P and Q = \/(xz —xl)2 +(y, - y1)2

2

=\(% —%)
=[x, x|
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Find a point on the x-axis, which is equidistant from the points (7, 6) and (3, 4).

Solution 4:

Let (a, 0) be the point on the X- axis that is equidistance from the points (7, 6) and (3, 4).
Accordingly, ,[(7-a)’ +(6-0)" = \/(3-a)’ +(4-0)

= /49+a? —14a+36 =/9+a>—6a+16

= +a?-14a+85 =+/a’ —6a+25

On squaring both sides, we obtain

a’-14a+85=a’-6a+25

= -14a+6a=25-85

= —-8a=-60
60 15
a=—=—

8 2

Thus, the required point on the x-axis is (%0)

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

Solution 5:
The coordinates of the mid-point of the line segment joining the points

P (0, -4) and B (8, 0) are (0—;8, _42+0J — (4,-2)

It is known that the slope (m) of a non-vertical line passing through the points (X1, y1) and (xz,

y2) is given by m:u,xz £ %

2

Therefore, the slope of the line passing through (0, 0,) and (4, -2) is _42 _00 2 1

Hence, the required slope of the line is —E.

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

Solution 6:
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 (x1, y1) and (X2,

y2) is given by m:u,xz £ X,
X —_

2
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(6]

. Slope of AB (m,) = 4y

= w

-4
-1-5 -6 3
Slope of BC (mz):mz_—dfzE
4+l 5,
441 5
It is observed that mm,=-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.

Slope of CA (m,)

Find the slope of the line, which makes an angle of 30° with the positive direction of y-axis
measured anticlockwise.

Solution 7:

If a line makes an angle of 30 with 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°.

Jh\':

90 + 30°

N

b
|

line

L A%
Thus, the slope of the given line is tan 120° =tan (1800 —600) =—tan 60° =—3

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

Solution 8:
If points A (X, -1), B (2, 1), and C (4, 5) are collinear, then
Slope of AB = Slope of BC
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=x=1
Thus, the required value of x is 1.

Without using distance formula, show that points (-2,-1),(4,0),(3,3)and (-3, 2) are vertices
of a parallelogram.

Solution 9:
Let points (—2,—1),(4,0),(3,3)and (-3,2) be respectively denoted by A, B, C, and D.
D(-3; 2} (31
A(=Z2.=1) B4 M
Slopes of AB = 0+l _1
4+2 6
Slopes of CD = Ez__l:l
-3-3 6 6

= Slope of AB = Slope of CD
= AB and CD are parallel to each other.
30 3

Now, slope of BC = — =—=-3
34 -1
Slope of AD = ﬂ=i=—3
3+2 -1

= Slope of BC = Slope of AD

= BC and AD are parallel to each other.

Therefore, both pairs of opposite side 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).
Solution 10:
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—2—-(-1
The slope of the line joining the points (3, -1) and (4, -2) is m= 4—() =2+1=-1

Now, the inclination (@) of the line joining the points (3, -1) and (4, -2) is given by tan 8=-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 them

IS % find the slope of the lines.

Solution 11:

Let mz1, m be the slopes of the two given lines such that m; = 2m.
- .|, and I, with slopes m, and m, then

We know that if @is the angle between the lines * 2 pes m, 2

m, —m,

1+mm,

tan @ =

It is given that the tangent of the angle between the two lines is % :

.1 | m=2m
3 [1+(2m).m
1| -m_
3 [1+2m?
1 -m -m m
=2~ 7 OF 3=— 2 |~ 2
3 1+2m 3 1+2m 1+2m
1 -m
==—
3 |1+2m?

1 — _ -m m
=== > Or =- > | = 5
3 1+2m 1+2m 1+2m

Case |

1 -m
- — =

3 1+2m?

=1+2m* =-3m
=2m’+3m+1=0
=2m*+2m+m+1=0
=2m(m+1)+1(m+1)=0
=(m+1)(2m+1)=0

1
>m=-lorm=-=
2
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If m = -1, then the slopes of the lines are -1 and -2.
Ifm= —%,then the slopes of the lines are —%and -1.

Case Il

1 m

3 1+2m?
=2m?+1=3m

=2m’-3m+1=0
=2m’-2m-m+1=0
=2m(m-1)-1(m-1)=0
= (m-1)(2m-1)=0
=m=1or m:l

2

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

Ifm= %,then the slopes of the lines are %and 1.

Hence, the slopes of the lines are -1 and -2 or % and-1orland2or % and 1.

A line passes through (x;,y;) and (h,k). If slope of the line is m, show that k —y, =m(h—x,)

Solution 12:
The slope of the line passing through (x,,y;) and (h,k)is i:]_yl .
—X%
It is given that the slope of the line is m.
. k— yl -m
h—x

=k-y,=m(h-x)
Hence, k —y, =m(h—x,)

If three points (h,0),(a,b),and (0,k) lie on a line, show that %+E =1.

Solution 13:
If the points A (h,0),B (a,b),and C (0,k) lie on a line, then
Slope of AB = Slope of BC
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b-0 k-b

a-h 0O0-a
b _
:>—:—
a-h -a

= —-ab=(k-b)(a-h)
= —ab=ka—-kh—-ab+bh

= ka+bh=kh
On dividing both sides b kh, we obtain
ka bh kh

Hence, E+E=1
h 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 2010?

A’
B v
& 1029
e B
; 974 "‘ 1995 97
=
—:3;. 1—)21 _.-".V(I",;'S.,‘ "!l)
& A1
& 879
X
—_— ) ——0——0—P»
O] 1985 1990 1995 2000 2005 2010

Years

Solution 14:
Since line AB passes through points A (1985, 92) and B (1995, 97), its slope is

97-92 5 1

1995-1985 10 2

Let y be the population in the year 2010. Then, according to the given graph, line AB must
pass through point C (2010, y).

.. Slope of AB = Slope of BC
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1__y=97
2 2010-1995
1 y-97

2 15

15
=>—=y-97
> y

=y-97=75
=y=75+97=1045

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

Exercise 10.2

Write the equation for the x and y-axes.

Solution 1:

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

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

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

We know that the equation of the line passing through point (xo, yo), whose slope is m, is
(Y=Yo) =m(x=%)-

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

(y-3)=5(x+4)

2(y-3)=x+4
2y-6=x+4
e, x-2y+10=0

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

Solution 3:

10
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We know that the equation of the line passing through point (x,, y, ), whose slope is m, is

(Y=Yo) =m(x=%)
Thus, the equation of the line passing through point (0, 0), whose slope is m, is

(y~0)=m (x0)
i.e., y = mx

Find the equation of the line which passes through (2, 2\/5) and is inclined with the x-axis at

an angle of 75°

Solution 4:
The slope of the line that inclines with the x-axis at an angle of 75°is m = tan 75°
1 B+l
tan 45° + tan 30° l+ﬁ B B3+
m = tan(45° +30°) = = = =
1-tan45°.tan30° , ; 1 3-1 31
NN

We know that the equation of the line passing through point (xo, yo), whose slope is m, is
(Y=Yo) =m(x=%)-
Thus, if a line passes through (2, 2«/§) and inclines with the x-axis at an angle of 757, then

the equation of the line is given as

(v-2 3)=£j(x—2)

(y-2)(6-1)=(B1)r-2
(-0 ) (6 1)-2( )
(VB+1)x—(\VB-1)y=23+2-6+2\3
(ﬁ+1)x—(ﬁ—1)y —4J3-4
i.e.,(ﬁﬂ)x—(ﬁ—l) y = 4(\/5—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.

Solution 5:

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.

11
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The slope of the line is givenas m = -2
Thus, the required equation of the given line is

Y =-2[x-(3)]
Y =-2Xx—-6
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.

Solution 6:

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

Y=mx+c

Here, c =2 and m=tan30° = i

B

Thus, the required equation of the given line is

yzix+2

V3
_x+2ﬁ
S
J3y=x+23
i.e.Xx-v3y+243=0

Find the slope of the line, which makes an angle of 30? with the positive direction of y-axis
measured anticlockwise.

Solution 7:

It is known that the equation of the passes through points
(¥, ¥1) and (xz,yz)isy—yl=%(x—xl)

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

(y-1) = _24+_11(x+1)

(y-1)= _?5(x+1)
3(y-1) =-5(x+1)

3y—-3=-5x-5
ie.,5x+3y+2=0

12



Class XI — NCERT — Maths Chapter 10
Straight Lines

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 307 .

Solution 8:

If p is the length of the normal from the origin to a line and @ is the angle made by the
normal with the positive direction of the x-axis, then the equation of the line given by
X C0S @ +Yysin w=p.

Here, p =5 units and o= 30°

Thus, the required equation of the given line is

x cos 30°+ysin 30°=5

x£+ y.E =5
2 2
i.e.\3x+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.

Solution 9:

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.

Accordingly, L be the mid-point of PQ.

By mid-point formula, the coordinates of point L are given by (%%) = (O, 2)

PiZ 1)

Q E
2.3 {4, 3}

It is known that the equation of the line passing through points
(., ¥:)=(4,5) and (x,,y,)=(0,2).

2-5
Hence,y—-5= ——(x-4
y AN

—5=—"(x-4
=y-5=—(x-4)

= 4(y-5)=3(x—-4)
=4y-20=3x-12
=3x-4y+8=0

13
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Thus, the required equation of the median through vertex R is 3x—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).

Solution 10:
The slope of the line joining the points (2, 5) and (-3, 6) is m= % = %
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 perpendicular to the line through the points (2, 5) and (-3, 6)
1 1

Now, the equation of the line passing through point (-3, 5), whose slope is 5, is
(y—5)=>5(x+3)

y—-5=5x+15

ie.,5x—y+20=0

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

Solution 11:

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 ration 1: n is given by

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

1+n ' 1+4n n+l n+1

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

1 1

m 3
n+2 3

Now the equation of the line passing through | ——,—— | and whose slope is 1 is given
n+1 n+l 3

by

14
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( 3j 1( n+2j
Y——— || X———
n+1 3 n+1

=3[(n+1)y-3]=-[x(n+1)-(n+2)]
=3(n+1)y-9=—(n+1)x+n+2
= (1+n)x+3(1+n)y=n+11

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

Solution 12:

The equation of a line in the intercept form is
Xy :

—+==1 L

5 (@)

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

5 + X =1

a a

=>x+y=a ..(ii)

Since the given line passes through point (2, 3), equation (ii) reducesto 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 the equation of the line passing through the points (2, 2) and cutting off intercepts on the
axes whose sum is 9.

Solution 13:

The equation of a line in the intercept form is
X Yy :

—+==1 ...

=t (@)

Here, a and b are the intercepts on x and y axes respectively.

Itisgiventhata+b=9 = b=9-a ...(i)

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

X, Y .. (iii)

a 9-a

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

15
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=a’-9a+18=0

=a’-6a—-3a+18=0

=a(a—-6)-3(a—-6)=0

=(a—6)(a—-3)=0

—a=6o0ra=3

Ifa=6andb=9 -6 =3, then the equation of the line is

§+X:1:>x+2y—6:0

6 3

Ifa=3andb=29-3 =86, then the equation of the line is
X'y

—+==1=2x+y-6=0
3 6

Find equation of the line through the points (0, 2) making an angle 2?” with the positive x-

axis. Also, find the equation of the line parallel to it and crossing the y-axis at a distance of 2
units below the origin.

Solution 14:

The slope of the line making an angle 2?” with the positive x-axis is m = tan (2—;) =—3

Now, the equation of the line passing through points (0, 2) and having a slope —/3 is
(y-2)=—/3(x-0)

i.e.,\/§x+ y—-2=0

The slope of line parallel to line 3x+ y—2=01is —\/§.

It is given that the line parallel to line \/3x+ y—2=0 crosses the y-axis 2 units below the
origin i.e., it passes through point (0, 2).
Hence, the equation of the line passing through points (0, 2) and having a slope —/3 is

16
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y-(-2)=—3(x-0)

y+2=—\/§x
\/§x+y+2:0

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

Solution 15:

The slope of the line joining the origin (0, 0) and point (-2, 9) is m, :% = —%
Accordingly, the slope of the line perpendicular to the line joining the origin and points (-2,
9)is

1 1 2
I'T‘]zz—:——:§

m, (_9)
2
Now, the equation of the line passing through point (-2, 9) and having a slope m, is
2
(y-9) =§(x+2)
Oy-81=2x+4
i.e., 2x-9y+85=0

The length L (in centimeter) 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.

Solution 16:

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).
(L-124.942) = 125.134-124.942
110-20

(L-124.942) = %(C ~20)

(C—-20)

ie., L:%(C —20)+124.942. which is required linear relation.

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

Solution 17:

The relationship between selling price and demand is linear.

Assuming selling price per liter 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 line passing through points (14, 980) and (16, 1220).

16-14

y—980 2%(X—14)

y—980=120(x—14)

i.e., y=120(x-14)+980

When x=Rs 17/liter,

y=120(17-14)+980

= y=120x3+980=360+980=1340

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

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

§+X =2.
a b
Solution 18:

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

- |

0 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,

18
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o2 59

:>§=aand X:b
2 2

-.x=2a and y=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)
-2b) = (— x-0
-2b
—2b=——(x
y 2a ( )
a(y—2b)=-bx
ay —2ab =—bx
i.e., bx+ay=2ab
On dividing both sides by ab, we obtain
bx  ay _2ab
ab ab ab
X, Y_,

=+
a b

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

line.

Solution 19:

Let AB be the line segment between the axes such that point R (h, k) divides AB in the ratio

1:2.

| K

O

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,

19
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(h’k):(1x0+2xx11xy+2x0j
1+2 1+2

:>x:3—2hand y =3k

Therefore, the respective coordinates of A and B are (%0) and (0, 3k).

Now, the equation of the line AB passing through points (%Oj and (0, 3K) is

0
2
Zk( 3hj
=——| X——
h 2
hy = —2kx + 3hk
ie., 2k + hy = 3hk

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

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

Solution 20:
In order to show that the 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)
-0)=—=%(x-3
-2

=—(x-3

y=—(x-3)

Sy=2x-6

i.e., 2x-5y=6

It is observed that at x = 8 and y= 2,

L.H.S = 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 equation into slope-
intercepts.
(i) x+7y=0(ii)6x+3y-5=0(iii)y=0

Solution 1:
(1) The given equation is X + 7y = 0.
It can be written as

1 .
=—=x+0 ..(i
y=-2 (i)
This equation is of the formy = mx + ¢, where m= —% and c=0

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

and O respectively.
(i) The given equation is 6x + 3y — 5 = 0.
It can be written as

1
= =(-6x+5
y 3( X+5)
5
=-2X+— .2
y x+3 (2)

This equation is of the formy = mx + ¢, where m=-2 and ¢ = %

Therefore, equation (2) s in the slop-intercept form, where the slope and the y-
and %respectively.

(iii) The given equation is y = 0.

It can be written as

y=0x+0 ...(3)

This equation is of the formy =mx + ¢, where m=0and ¢ = 0.

Therefore, equation (3) is in the slope-intercept form, where the slope and the y-
0 and 0 respectively.

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

Solution 2:
Q) The given equation is 3x — 2y — 12 =0
It can be written as
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3x+2y=12

%4_& =1
12 12

Xy
e, —+==1 (1
i.e 4+6 (1)

This equation is of the form 5+% =1,wherea=4and b =6.
a

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

(i)  The given equation is 4x — 3y = 6.
It can be written as

X 3y 4
6 6
2y
3 2

Therefore, equation (2) is in the intercept form, where the intercepts on x and y axes are % and

-2 respectively.

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

Therefore, equation is in the §+X =1,wherea=0and b= —%.

a
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 distance from the
origin and angle between perpendicular and the positive x-axis.

(i) x-+/3y +8=0 (ii) y — 2= 0 (i) x—y = 4

Solution 3:
Q) The given equation is x- ﬁy+8: 0
It can be written as:
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x—/3y =-8
:>—x+x/§y:8
On dividing both sides by \[(~1)° +(v3) =4 =2
x,¥8,.8

2 2 2
:>(—ij+ ﬁ y=4

2 2

= X€0s120° + ysin120° = 4 (1)

Equation (1) is in the normal form.
On comparing equation (1) with the normal form of equation of the line

XCosw+ Yysinw= p, we obtain @= 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°.
(i)  The given equationisy —2 = 0.
It can be reduced as 0.x + 1.y = 2
On dividing both sides by /0% +12 = 1, we obtain 0.x + 1.y = 2
= x0s90° + ysin90° =2 .(2)
Equation (2) is in the normal form.
On comparing equation (2) with the normal form of equation of line
XCoSw+ YysSinw= p, we obtain @= 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.
It can be reduced as 1.x + (-1) y=4

On dividing both sides by 1/12 +(—1)2 = /2, we obtain
LAyt
)
T . T
- xcos(Zﬁ—Z]Jr ysm(Z;:—Zj =22

— xC0s315° +ysin315° =242 ...(3)

Equation (3) is in the normal form.
On comparing equation (3) with the normal form of the equation of the line

XCOSm+Yysinw=p, we obtain @= 315°and p = 2/2.
Thus, the perpendicular distance of the line from the origin is 24/2 , while the angle between
the perpendicular and the positive x-axis is 315°.

Find the distance of the points (-1, 1) from the line 12(x + 6) = 5(y — 2).
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Solution 4:
The given equation of the line is 12(x + 6) = 5(y — 2).
=12x+72=5y-10
=12Xx-5y+82=0 ...(1)
On comparing equation (1) with general equation of line Ax + By + C = 0, we obtain A =12,
B=-5and C =82.
It is known that the perpendicular distance (d) of a line Ax + By + C =0 from a point
. |Ax, +By, +C|
X,Y,)isgivenbyd = "—————
(4 %) JA? +B?
The given point is (X, y,)= (-1, 1).
Therefore, the distance of point (-1, 1) from the given line
12(—1)+(-5)(1)+82 -12-5+82 65
= ‘ ( ) ( )( ) ‘ units:g units:u units =5 units
(12)2 4 (_5)2 V169 3

Find the points on the x-axis whose distance from the line §+% =1are 4 units.
Solution 5:

The given equation of line is

§+X =1

3 4

Ordx+3y-12=0 (D)

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.

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

. Ax, + By, +C

(%.y,) isgivenbyd= ﬁ
Therefore,
4 [4a+3x0-17

V& +3
:>4=M

5

:>|4a—12|:20

:>i(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 x-axis are (-2, 0) and (8, 0).
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Find the distance between parallel lines
(i) 15x +8y—34=0and 15x+ 8y +31 =0
(i) (x+y)+p=0and I (x+y)-r=0

Solution 6:
It is known that the distance (d) between parallel lines Ax+By+C, =0 and

C-Ci|
JrRiB?
() The given parallel lines are 15x + 8y —34 =0and 15x + 8y + 31 =0
Here, A=15,B =8, C, =-34,and C,=31.
Therefore, the distance between the parallel lines is

_ G -Cyl - [34-31 un _I5 |unlts_—5un|ts

JA B Jas) +(8y R
(ii)The given parallel linesare | (x +y)+p=0and I (x+y)-r=0
IX+ly+p=0and Ix+ly—r=0
Here, A=1,B=1,C,=p,andC, =—r
Therefore, the distance between the parallel lines is

_1G-C _ [p+r] units = [P+ |unts [p+ |un|ts_1||o+r|

x/A2+BZ INEE NFR 12 J2

Ax+By+C, =0isgivenby d =

units

Find equation of the line parallel to the line 3x — 4y + 2 = 0 and passing through the point (-2,
3).

Solution 7:
The equation of the given line is
3X—-4y+2=0

Ory=—+-
Y 4

ory:%x+2£ Which is of the formy=mx + ¢

.. Slope of the given line = —
It is known that parallel lines have the same slope.

.. Slope of the other line =m = %

Now, the equation of the line that has a slop of %and passes through the points (-2, 3) is

25



Class XI — NCERT — Maths Chapter 10
Straight Lines

3
(y3)=3 (x~(-2),
4y -12=3x+6
i.e., 3x-4y+18=0

Find the equation of the line perpendicular to the line x - 7y + 5 = 0 and having x intercept 3.

Solution 8:
The given equation of the line isx - 7y + 5= 0.

Or, y=%x+g, which is of the formy = mx + ¢
.. Slope of the given line = %

The slope of the line perpendicular to the line having a slope of % ISMm=——<=-7

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 v/3x+y =1and x+/3y =1.

Solution 9:
The given lines are J§x+ y=1and x+J§y =1

1 1
=—/3x+1 (1) andy=-—2=x+—F= ..(2
y=— (1) andy=-—zx+7 ..(2)
The slope of line (1) is m =—/3, while the slope of line (2) is m, -1

5

The acute angle i.e., &between the two lines is given by
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tang =22
1+mm,
1
—~3+—F= ‘
tan @ = J§1
[ 5)
-3+1
tan @ = J3 || 2
1+1| 2x+3
1
tanf =—
3
0=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 h.

Solution 10:
The slope of the line passing through points (h, 3) and (4, 1) is
~1-3 =2
m 4-h 4-h
The slope of line 7x -9y - 19 =0or y:%x—% ism, :g :
It is given that the two lines are perpendicular.
smoxm, =-1
e B
36-9h
=14=36-9h
=9%h =36-14
_2
9

=h

Thus, the value of h is 29—2

Prove that the line through the point (x,, y,) and parallel to the line Ax+ By + C =0 is.
A(x=%) + B (y-y) = 0

Solution 11:
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The slope of line Ax+By+C=00r y= —A X+ =< ism:-é
B B B
It is known that parallel lines have the same slope.

.. Slope of the other line = mz-%

The equation of the line passing through point ( x, —y,) and having a slope mz-% is
Y-Y1= m(x_xl)
A
Y=V :-E(X_Xl)
B(Yy—¥:)=—A(X-x)

A(x—=x%)+B(y-y,)=0
Hence, the line through point (x —vy,) and parallel to line Ax + By + C = 0 is

A(x=x%)+B(y-y,)=0

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

Solution 12:
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°.
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tan 60° = |1 Mo
1+m,m,
3 2—-m,
1+2m,

m2
= 3(1+2m,)=2-m,ory/3(1+2m,)=—(2-m,)
= 3+2\Em2+m2 :20r\E+2\ﬁm2—m2 =-2

= \3+(2V3+1)m, = 20r 3 +(23-1)m, = -2

2-3 ~(2++3)
=m,= orm,=——
(243+1) (243-1)
Case 1: m, = 2-3
(2«/§+1)
. . . . . 2-3 .
The equation of the line passing through point (2,3) and having a slope of ( Yo ) is
243 +1

2-3

(2«/§+1))(X-2)
(2\/§+1)y—3(2J§+1)=(2—J§)x—(2—J§)2
(\/§—Z)x+(2\/§+l)y=—4+2\/§+6\/§+3
(V3-2)x+(23+1)y=-1+83

In this case, the equation of the other line is (ﬁ—z)x + (2\/§+1)y =-1+ 8J§

(y-3)=

—
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csett: - 28
asell:  m,= (2\/5_1)
The equation of the line passing through points (2,3) and having a slope of _<2+ﬁ) is
(2]
—(2+3
(v9)= (i J;_l))<x-z>

(2«/5—1)y—3(2\/§—1):—(2\/5—1)x+2(2\/§—1)

(2ﬁ-1)y+(2ﬁ-1)x=4+2ﬁ+6£-3

(2+\/§)x+(2\/§—1)y:1+8\/§

If this case, the equation of the other line is (2+\/§)x+(2\/§—1) y =1+8\/§

Thus, the required equation of the other line is (\/3_’—2)x+(2\/§+1) y =—1+8\/§or(2+\/§)x+(2\/§—1) y=1+83

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

Solution 13:
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).

Accordingly, mid-point of AB = (37_1%) =(13)
Slope of AB = :ﬂ:__zzl

-1-3 4 2
.. Slope of the line perpendicular to AB = 1. -2

)

The equation of the line passing through (1, 3) and having a slope of -2 is
(y—3)=-2(x1)

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 points (-1, 3) to the line
3x—4y—16 = 0.

Solution 14:
Let (a, b) be the coordinates of the foot of the perpendicular from the points (-1, 3) to the line
3Xx—4y-16=0.

30



Class XI — NCERT — Maths Chapter 10
Straight Lines

i—1.3)

- ul 4
(a. B
Ji=dy=16m=0
S _b-3
Slope of the line joining (-1, 3) and (a, b), m = YT
a+

Slope of the line 3x -4y - 16 =0ory = %x—4, m, :g

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

(-

3b-9 _1

da+4
=3h-9=—4a-4
—=4a+3b=5 (1)

Point (a, b) lies on line 3x — 4y = 16.
~3a—-4b=16 ...(2)
On solving equations (1) and (2), we obtain

a= @ and b = _@
25 25

. : . 68 49

Thus, the required coordinates of the foot of the perpendicular are 2 e

The perpendicular from the origin to the line y = mx + ¢ meets it at the point (-1, 2). Find the
values of m and c.

Solution 15:

The given equation of line isy = 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.

.. slope of the line joining (0, 0) and (-1, 2) = 31: -2

The slope of the given line is m.
s.mx —2=-1  [The two lines are perpendicular]

1
=m= =
2

Since points (-1, 2) lies on the given line, it satisfies the equation y = mx + c.
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s2=m(-1) +c
:>2:2+%(-1)+c
1_5

—=c=2+

Thus, the respective values of mand c are % and g :

If p and g are the lengths of perpendicular from the origin to the lines x cos # - y sin 8 =k
cos 26 and x sec @ +y cosec @ =k, respectively, prove that p*+4q° =k?

Solution 16:

The equation of given lines are
xcos @ -ysin § =kcos260 ...(1)
xsec # +ycosec 8 =k ...(2)

The perpendicular distance (d) of a line Ax + By + C = 0 from a point (x,,x,) is given by

4o |Ax, + By, +C|

A’ +B°
On comparing equation (1) to the general equation of line i.e., Ax + By + C = 0, we obtain A
=cos #,B =-sing, and C = -k cos 26.
It is given that p is the length of the perpendicular from (0, 0) to line (1).
oo |AQ)+B(0)+C|  |c|]  |-kcos2d|
h JA 1B’ JA B2 cos® 9+sin’ 0
On comparing equation (2) to the general equation of line i.e., Ax + By + C = 0, we obtain A
=secd, B =cosecd, and C = -k.
It is given that q is the length of the perpendicular from (0, 0) to line (2).

A(0)+B(0)+C C —k
O ORI - I "

JA? + B2 JA? + B2 - \sec? @ + cosecd

From (3) and (4), we have

=|—k cos 26| ..(3)
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K| 2
?+49° =(|-k cos 20 2+4[ | )
P (| |) Jsec? 6+ cosec?d

4k?
(sec2 0 +cos ecze)

4k®

=k?cos? 20 +

=k? cos® 26 +
1 1 )
cos“ @ sin“ @
4k?
sin’ @ +cos® @
sin® @cos’ @
4k?

(s pensa)
sin® 8cos® @

=k? cos® 26 + 4k*sin”* @cos® 6
=k?cos® 20 +k* (2sin «9cos49)2
=k? cos? 260 +k?sin® 20

=k?(cos” 20 +sin’ 20)

— k2

Hence, we proved that p® +4qg° =k?

=k? cos® 26 +

=k? cos® 26 +

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.

Solution 17:
Let AD be the altitude of triangle ABC from vertex A.
Accordingly, ADLBC

A2 3)

=
Bi{4-1) D Ci(l.2)

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

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

=>y-x=1
Therefore, equation of the altitude from vertex A=y —x = 1.
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Length of AD = Length of the perpendicular from A (2, 3) to BC
The equation of BC is

(y+1)=175 (x-4)

= (y+1)=-1(x-4)
= y+l=-x+4

= X+y-3=0 (1)
The perpendicular distance (d) of a line Ax + By + C = 0 from a point (x,, Y, ) is given by
4o |Ax, + By, +C|

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

_ |1>< 2+1x 3-3|

2
.. Length of AD = units = uunits _2 units = /2units

J2 412 V2 J2
Thus, the equation and length of the altitude from vertex A are y — x = 1 and /2 units
respectively.

If p is the length of perpendicular from the origin to the line whose intercepts on the axes are

1 1

a, and b, then show that # :¥+b_2

Solution 18:

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

—+ X =1

a b

Orbx +ay =ab
Orbx+ay—ab=0 ..(1)
The perpendicular distance (d) of a line Ax + By + C =0 from a point (xl, yl) is given by
4o |Ax, + By, +C|
A’ +B°

On comparing equation (1) to the general equation of line Ax — By + C = 0, we obtain A = b,
B =4 and C = -ah.
Therefore, if p is the length of the perpendicular from point (xl, yl) = (0, 0) to line (1),
We obtain
. |A(0)+B(0)—ab|

Jb? + a2

[-ab)
Jb? +a?

On squaring both sides, we obtain

=p=
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Hence, we showed that iz = iz +i

p> a® b’

Miscellaneous Exercise

Find the value of k for which the line (k — 3)x-(4 - k?)y + k*-7k+6=0 s
(a) Parallel to x-axis,

(b) Parallel to y-axis,

(c) Passing through the origin.

Solution 1:
The given equation of line is
(k=3)x-(4- ky+ 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

(k-3) k* -7k +6
= X+

- 2 >— Which is of the formy = mx + c.
(4-k%) (4-K?)

y

(k-3

.. Slope of the given line =
P g (4-k?)

Slope of the x-axis =0
C (k=3 _
T 4-k?)
=k-3=0
=k=3
Thus, the given line is parallel to 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
(4-Kk%)

The slope of the given line is

Now, % is undefined at k=4

k?=4
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—=k=+2
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-k2)(0)+k2 —-7k+6=0
k?-7k+6=0
k?-6k—-k+6=0
(k—6)(k—1)=0

k=1or6
Thus, if the given line is passing through the origin, then the value of k is either 1 or 6.

Find the values of @ and p, if the equation x cosé + y sin@= p is the normal form of the line
\/§x +y+2=0

Solution 2:

The equation of the given line is \/3x+y+2=0

This equation can be reduced as

J3x+ y+2=0

= -3x-y=2

On dividing both sides by \/(—ﬁ)z +(—1)2 =2, we obtain

31

2

2 2

:{—?JXJ{—%jy:l ()

On comparing equation (1) to x cosé +y sin#=p, we obtain

N

cosf =-—,sinfd= —E, and p =1
2 2

Since the value of sin@ and cosé are negative, 0= . _Iz

6

Thus, the respective values of 8 and p are %z and 1.

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

Solution 3:
Let the intercepts cut by the given lines on the axes be a and b.
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It is given that

a+tb=1 .. (1)

ab =-6 .. (2)

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

a=3andb=-2ora=-2andb=3

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

5+X:1 orbx+ay—ab=0

a b

Casel:a=3andb=-2

In case, the equation of the line is -2x + 3y +6 =0, i.e., 2x— 3y = 6.
Casell:a=-2andb=3

In this case, the equation of the line is 3x — 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 line §+% =1is 4 units.
Solution 4:
Let (0, b) be the point on y-axis whose distance from line §+% =1is 4 units.

The given line can be writtenas 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 C=-12
It is known that the perpendicular distance (d) of a line Ax + By + C =0 from a point (xl, yl)
is given by
4o |Ax, + By, +C|

A’ +B°

Therefore, if (0, b) is the point on the y-axis whose distance from line §+X =1 is 4 units,

then:
[4(0)+3(b)-12)
L

[30-12]

4=

=4=

= 20=[3b-12)

= 20=+(30-12)

= 20=(3b-12)0r20=—(3b-12)
= 3b=20+120r3p = -20+12

:>b:¥orb:—§
3 3
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Thus, the required points are (Og—:j and (O,—%)

Find the perpendicular distance from the origin to the line joining the points
(cos@,sin@)and (cos ¢,sing)

Solution 5:
The equation of the line joining the points (cos#,sin)and (cosg,sin¢)is given by
(cos@,sin@)and (cos g,sin ¢)
sing—sin@
COS ¢ —C0S
y(cos¢—cosd)—sin@(cosg—cosd)=x(sing—sind)—cosf(sing—sin )
X(sin@—sin @)+ y(cos¢—cosd)+cosfsin ¢ —cosdsin 6 —sin @cos g +sindcosd =0
X(sin@—sing)+ y(cosg—cosd)+sin(¢p—6) =0
Ax+ By +C =0, whereA =sin8—sin ¢, B = cos ¢ —cos @, andC =sin(¢ —0)
It is known that the perpendicular distance (d) of a line Ax +By +C =0 from a point (xl, yl) IS
given by
4o |Ax, + By, +C|

VA? +B?

Therefore, the perpendicular distance (d) of the given line from point (xl, yl) =(0,0)is

y—sinf = (x—cosd)
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J_ |(sin@—sing)(0)+(cos¢—cosd)(0)+sin(4—0)|
\/(sin 0 —sin ¢)2 +(cos¢—cos 49)2

_ [sin(p—0)|

Jsinz 0 +sin® ¢ — 2sin Gsin ¢+ cos’ ¢+ cos” & — 2cos ¢ cos &
_ [sin(p-0)|

\j(sinz 0+¢0s” 0)+(sin® ¢ +cos’ ¢) - 2(sin Gsin ¢+ cos g cos )
_ [sin(4-0)|

\/1+1— 2(cos(¢-0))

[sin(p—0)|

\/2 (1-cos(¢—0))

___[sin(4-9)

e (7))

sin(¢-9)

Zsin(M)‘
2

Find the equation of the line parallel to y-axis and draw through the point of intersection of
the linesx — 7y + 5=0and 3x +y =0.

Solution 6:
The equation of any line parallel to the y-axis is of the form
X=a .. (D)
The two given lines are
X—7y+5=0 ... (2)
3X+y=0 ...3)
. . . b _ 15
On solving equation (2) and (3), we obtain x = -Zand y= >

Therefore, (—z—szgj is the point of intersection of lines (2) and (3).

Since line x = a passes through point —EE ,a= S
22 22 22

Thus, the required equation of the line is x = %
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Find the equation of a line drawn perpendicular to the line §+% = 1 through the point, where

it meets the y-axis.

Solution 7:
The equation of the given line is §+%: 1
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 = >
. : : . 1 2
.. Slope of line perpendicular to the given line = ——— = 3

-2)

On Substituting X with 0 in the equation of the given line, we obtain 5 =1=>y=6

Let the given line intersect the y-axis at (0, y).

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

The equation of the line that has a slope of % and passes through point (0, 6) is

2
(y-6)=5(x-0)
3y—18=2x
2x—-3y+18=0
Thus, the required equation of the line is 2x—3y+18=0

Find the area of the triangle formed by the liney —x=0,x+y=0and x—k =0.

Solution 8:

The equation of the given lines are

y—x=0 .. (D)

Xx+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 =k andy =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 (x,,¥;), (X, ¥,),and (s, y;) is
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1

SPa(ya=¥e) X (Ya=y) + % (= Vs )

Therefore, area of the triangle formed by the three given lines
=%|O(—k—k)+k(k—0)+k(0+ k)|square units

= %‘kz +k?| square units

:%‘Zkz‘square units

= k’square units

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

Solution 9:

The equation 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=landy=-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.

If three lines whose equations are y =mx-+c,, y =m,X+C,,and y =m,x+c, are concurrent,
then show that m, (¢, —c;)+m, (¢, —¢;)+my(c,—c,) =0

Solution 10:

The equation of the given lines are
y=mX+¢ .. (D)
y=m,X+C¢, .. (2)

y =Mm,X+C, ... (3)

On subtracting equation (1) from (2) we obtain
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On substituting this value of x in (1), we obtain

y=m ( GG ]+Cl
m, —m
mC, —mGC, m101
m, —m,

m,C, —M,C, + MG, —M,G,
m, —m,

102 M,C,
m, —m,

[ C—G MG _mzclj is the point of intersection of line (1) and (2).
m, —m, m, —m,

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).

me, —mye, _ ( —clj+c3

m, —m, m, —m
Mm,C, —M,G — M,C, +M,C, +C;M, —C;M,
m, —m, m, —m,

m,C, —M,C, —M,C, + M,C, +C;M, —C;M, = 0
m, (¢, —¢;)+m,(c;—¢,)+m,(c,—c,)=0
Hence, m, (¢, —¢;)+m, (¢, —¢;)+my(c,—¢,)=0

Find the equation of the line through the points (3, 2) which make an angle of 45° with the
line x — 2y = 3.

Solution 11:
Let the slope of the required line be m,.

The given line can be writtenasy = %x—g , which is of the formy=mx + ¢

.. Slope of the given line = m, :%

It is given that the angle between the required line and line x — 2y = 3 is 45°.
We know that if #is the acute angle between lines |, and I, with slopes m and m, respectively,

then
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tang = | e~
1+mm,
m —_
.-.tan450:ﬂ
1+mm,
1
7_ml
=1= 2 -
1+
2
(1—2m1]
2
=1= 2+m,
2
1o 1-2m,
2+m,

1o s 1-2m,
2+m
:>1:1_2m1 or 1:—(1_2ml]
2+m, 2+m

=2+m =1-2m or 2+m, =-1+2m,

1
:>ml=—§orml: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
Case ll:m, = 1
3

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

1
2= =(x-3
y 3(><)

3y—-6=-x+3
X+3y=9
Thus, the equations of the line are 3x-y =7 and x + 3y = 9.

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



Class XI — NCERT — Maths Chapter 10
Straight Lines

Solution 12:

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

5 +X =1

a a

Or x+y=a ..(1)

On solving equations 4x + 7y —3 =0 and 2x — 3y + 1 = 0, we obtain x:%and y =%
(%%j is the point of the intersection of the two given lines.

. . ) 1 5
Since equation (1) passes through point | —,— |,
q Dp gnp (13 13j

1.5_

13 13

=a=—
13

.. Equation (1) becomes x +y = % ie., 13x + 13y = 6.

Thus, the required equation of the line 13x+13y=16.

Show that the equation of the line passing through the origin and making an angle & with the
line
y=mx+c,is y_ mttané
X l¥mtanéd
Solution 13:
Let the equation of the line passing through the origin be y = mx.

If this line makes an angle of dwith line y = mx + c, then angle @ is given by
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S tang=|u—M
1+mm
Y m
= tan @ =|-X
1+Xm
X
Y m
=tanf=+| X
1+Xm
X
Y m
—tanf =X
1+Im
Y m
tang =X
1+Zm

Chapter 10
Straight Lines
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Case I
Y m
tan @ = X
1+7>m
X
:>tan6?+lmtan9:z—m
X X

:>m+tan49:X(1—mtan6?)
X

y_mttnd
X l-mtan@
X
Z—m
Case ll: tan@=—| Y
1+ m
X
Y m
tan g = —| X
1+ m
X
Stand+Imtand=— +m
X X
:>l(1+mtan¢9)=m_tang
X
y m-—tané
Y
X l+mtan@
+
Therefore, the required line is given by ¥ = = @n¢.
X 1xmtanéd

In what ratio, the line joining (-1, 1) and (5, 7) is divisible by the line x + y = 4?

Solution 14:
The equation of the line joining the points (-1, 1) and (5, 7) isgiven b y
7-1
—1=—-(x+1
y 5+1( )
y—1=—(x+1)
X—y+2=0 (1)
The equation of the given line is
X+y-4=0 ...(2)

The points of intersection of line (1) and (2) is given by
x=1landy=3
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Let point (1, 3) divide the line segment joining (-1, 1) and (5, 7) in the ratio 1 : k.
Accordingly, by section formula,

k(-1)+1(5) k(1)+1(7
19 K20 1)

1+k ' 1+k

:»(1,3):(ﬂ,ﬂj
1+k 1+Kk
—k+5=lk+7:

1+k T 1+k
.,‘—k+5:1

1+k
= -k+5=1+Kk
=2k=4
=k=2

Thus, the line joining the points (-1, 1) and (5, 7) id 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.

Solution 15:

The given lines are
2Xx—-y=0 .. (D)
4x+7y+5=0 .. (2)

A (1, 2) is a point on line (1).
Let B be the point intersection of line (1) and (2).

= +5=0

On solving equations (1) and (2), we obtain x = I_E? and y= %5

.. Coordinates of point B are [_—5_—5j
18 9

By using distance formula, the distance between points A and B can be obtained as
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2

e
(B
E
J

23
2] e

23 5
Zunits
4

N

23 .
= —x—UnIts
9 2

235
1

units

Thus, the required distance is units.

235
1

Find the direction in which a straight line must be drawn through the points (-1, 2) so that its
point of intersection with line x + y = 4 may be at a distance of 3 units from this point.

Solution 16:

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

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

=2=-Mm+cC

=Cc=m+2

Sy=mx+m+2 ..()

The given line is

Xx+y=4 ... (2)

On solving equation (1) and (2), we obtain
2-m Sm+2

X=——and y=
m+1 m+1

. (Z—m 5m-+2

Im+1” m+1

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

j is the point of intersection of line (1) and (2).
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2 2
(2—m+1) +(5m+2_2j _3
m+1 m+1
(2—m+m+1)2 (5m+2—2m—2j2 )
= + =3
m+1 m+1
9 9m?
= 7T 2:9
(m+1)" (m+1)
1+m*
(m+1)2
=1+m?>=m?+1+2m
=2m=0

=>m=0
Thus, the slope of the required line must be zero i.e., the line must be parallel to the x-axis.

The hypotenuse of a right angled triangle has its ends at the points (1, 3) and (-4, 1). Find the
equation of the legs (perpendicular sides) of the triangle.

Solution 17:
Let ABC be the right angles triangle, where 2C = 90°
There are infinity many such lines.
Let m be the slope of AC.
=~ Slope of BC = i
m

Equation of AC: y—3=m(x-1)
= Xx-1= 1 (y-3)

m

Equation of BC: y—-1= 1 x+4)
m
= xX+4=-m(y-1)
For a given value of m, we can get these equations
Form=0,y-3=0; Xx+4=0
Form— oo, x-1=0; y—-1=0

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

Solution 18:
The equation of the given line is
X+3y=7 .. (D

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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A®(3 8

n' e, |r'l:l

Slope of AB = b__z , While the slope of the line (1) = —%
a_

Since line (1) is perpendicular to AB,

)
a—-3 3
= b-8 =1

3a-9
=b-8=3a-9
—=3a-b=1 (2)

Mid-Point of AB = (aT”b—fj

The mid-point of the line segment AB will also satisfy line (1).
Hence, from equation (1), we have

(a+3]+3(b+8j:7
2 2
=a+3+3b+24=14

=a+3b=-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 linesy = 3x + 1 and 2y = x + 3 are equally indicated to the line y = mx + 4, find the

value of m.

Solution 19:

The equation of the given lines are
y=3x+1 ...(1)

2y=x+3 ...(2)

y=mx+4 ...(3)

Slope of line (1), m, =3
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Slope of line (2), m, =%

Slope of line (3), my=m

Chapter 10
Straight Lines

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

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

ml_m3|: mz_m3|
1+mlm3‘ 1+m2m3‘
1m
N 3-m _|2 :
1+3m 1+2m
2
3-m| |1-2m
- =
1+3m m+2

3-m 1-2m
= =t
1+3m m+2

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

=-m>+m+6=1+m—-6m?*

3-m 1-2m 3-m (1—2m
= = or =—

If , then

=5m*+5=0

= (m2 +1) =0

= m=+/-1, which is not real
Hence, this case is not possible.

3= (122 e
1+3m m+2

= (3-m)(m+2)=—(1-2m)(1+3m)
= -m? +m+6:—(1+m—6m2)
=7m?>-2m-7=0

_ 2+ J4-4(7)(-7)

m
- 2(7)
e 2i2«/1+49
14
jmzlfﬁ

Thus, the required value of mis

1452
.
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If sum of the perpendicular distance of a variable point P (X, y) from the linesx +y—-5=0
and 3x — 2y + 7 = 0 is always 10. Show that P must move on a line.

Solution 20:
The equation of the given lines are
Xx+y-5=0 .. (D
3X-2y+7=0 ...(2)
The perpendicular distance of P (x, y) from lines (1) and (2) are respectively given by
-5 3X—=2y+7
d1:—|x+2y |2 and d, = X227 i |2
(1) +@) (3) +(-2)
. -5 3X—-2y+7
|.e.,dl=—|xer | and dzz—| X=2y+1]
J2 V13
It is given that d, +d, =10
-5 Bx-2y+7
pxry-o Br=2y7

N RN

:>J1_3|x+y—5|+\/§|3x—2y+7|—10«/%=0
:>\/1_3(x+y—5)+\/§(3x—2y+7)—10\/%:0

[ Assuming(x+y—5) and(3x—2y+7) are positive |
:>«/1_3x+\/1_3y—5\/1_3+3«/5—2ﬂ+7\/§—10x/%:0

= x(\/1_3+3«/§)+ y(\/1_3—2«/§)+(7\/§—5\/1_3—10\/%) =0, which is the equation of a line.

Similarly, we can obtain the equation of line for any signs of (x + y —5) and (3x — 2y + 7).
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.

Solution 21:

The equation of the given lines are

9x +6y—7=0...(1)

3x+2y+6=0...12)

Let p(h, k) be the arbitrary point is equidistant from lines (1) and (2). The perpendicular
distance of P (h, k) from line (1) is given by
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d - |9h+ 6k 7| _ |9h + 6k 7| _ 9h + 6k —7|
Cor+ef I aiE
The perpendicular distance of P (h, k) from line (2) is given by
|3h+2k+6| |3h+2k+6|
B V13
Since p(h, k) IS eqwdlstant from lines (1) and (2), d, =d,
_[9h+6k—7| |3h+2k+6|

313 13

= [9h+6k —7| =3[3h + 2k + 6|

= [9h+6k —7|=+3(3h+2k +6)

= 9h+6k —7=3(3h+2k +6)or9h+6k -7 =-3(3h+2k +6)
The case 9h+6k -7 = 3(3h + 2k +6) Is not possible as
9h+6k —7 =3(3h+2k +6)= —7 =18 (which is absurd)

2.9 +6k —7=-3(3h+2k +6)

9h+6k —7=-9h -6k —-18

=18h+12k +11=0

Thus, the required equation of the line is 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.

Solution 22:

\J
v

Let the coordinates of point A be (a, 0).
Draw a line (AL) perpendicular to the x-axis.
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We know that angle of incidence is equal to angle of reflection. Hence, let
/BAL=/CAL=¢

Let ZCAX =0
- ZOAB =180° - (0+2¢) =180° —[ 0+2(90° -0 |
~180° - 0-180° + 24

=0
. ZBAX =180° -6
. 3-0
Now, slope of line AC=—
5-a
=tanfd= i (1)
5-a
SLope of line AB= 20
1l-a
o 2
= tan (180 - 9) -_£
1-a
= —tanf = i
1-a
2
=tanfd=— (2)
a-1
From equation (1) and (2), we obtain
3 _2
5-a a-1
=3a-3=10-2a
13
=a=—
5

Thus, the coordinates of point A are (% : O).

Prove that the product of the lengths of the perpendiculars drawn from the points

(x/az—bz,o) and (-x/az —bz,O) to the line gcose+%sin9:1 is b

Solution 23:

The equation of the given line is
icos@+lsin0:1

a b

Or, bxcos@+aysind—ab =0 .. (1)

Length of the perpendicular from point (—’\faz —bz,O) to line (1) is
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‘bcosé?(x/a2 —b? )+asin 6(0)—ab‘ ‘bcosék}a2 —b? —ab‘

- b2 cos? @+ asin2 6 - Jb?cos? @ +a?sin? @
Length of the perpendicular from point (—va2 —b?,0) to line (2) is
‘bcos@(—«/az b7 )+ asin 9(0)—ab‘ lbcos/a”—b7 +ab]
- Jb?cos? @ +a?sin? @ - JbZcos? @ +a?sin2 @

On multiplying equations (2) and (3), we obtain

) ‘bcos@x,’a2 —b® —abe cos@a® —b? + ab‘

PP, =

Py

P,

2
(\/bz cos’ 8 +a?sin? 0)

‘(b cos O+/a? —b? —ab)(bcosék/a2 -b? + ab)‘
(b2 cosze+azsin20)
2
(bcosex/a2 —bz) —(ab)2
(b2 cos? 6 + a> sinze)
b? cos? 0(a2 —bz)—azbz‘
(b2 cos? 6+ a’ sin? 9)
a’h? cos’ 0 —b* cos® 0 -a’b?|
b%cos® #+a’sin® @
bz‘a2 cos? 6 —b? cos? 9—a2\
"~ b?cos’@+a’sin’6
bz‘a2 cos? @ —b? cos® O —a’sin? @ —a? cos? 6"
B b2 cos? @ +a’sin’ 6
bz‘—(b2 cos® O+ a?sin? 0)‘
~ p%cos’@+a’sin?e
bz(b2 cos? @ +a’ sinze)
- (b2 cos? 0 +a’ sin249)

[sin20+c0529:1}

Hence, proved.

A person standing at the junction (crossing) of two straight paths represented by the equation
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.

Solution 24:
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The equations of the given lines are

2x-3y+4=0 .. (D
3X+4y-5=0 ... (2)
6x—-7y+8=0 .. (3)
The person is standing at the junction of the paths represented by lines (1) and (2).
On solving equations (1) and (2), we obtain x = —% andy = %
: : . 1 22
Thus, the person is standing at point | ——,—
17 17
The person can reach path (3) in the least time if he walks along the perpendicular line to (3)
. 1 22
from point | ——,—|.
17 17
Slope of the line (3) = g

.. Slope of the line perpendicular to line (3) = —(% = _%
2

The equation of the line passing through (—%i—?j and having a slope of —% is given by

i) sl
y—— |=—=| X+-—=
17) 6 17
6(17y—22)=-7(17x+1)
102y -132=-119x—7

119x+102y =125
Hence, the path that the person should follow is 119x +102y =125.
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