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Chapter — 10: Straight Line

Example 1

Find the slope of the lines:

(a) Passing through the points (3,-2) and (-1,4),
(b) Passing through the points (3,-2) and (7,-2),
(c) Passing through the points (3,—2) and (3,4),

(d) Making inclination of 60" with the positive direction of X -axis.

Solution

(a)

Decide the distinction in y-directions of these two focuses (rise).

Decide the distinction in x-facilitates for these two focuses (run).

Partition the distinction in y-facilitates by the distinction in x-organizes (rise/run or incline).

The slope of the line through (3,-2) and (-1,4) is

_ rise _ YoV
run - X, —X
- 4—-(-2) _£:_§
-1-3 4 2
(b)
The formula for slope of a line is
_rise y,-Y,
run X, =X
Then

The slope of the line through the points (3,-2) and (7,-2) is

S_2-(2)_0_

7-3 4
(c)
The general formula for the slope of a line is

_rise y,-y,

run - X, —X

Then
The slope of the line through the points (3,-2) and (3,4)
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4—-(-2)

m= = § , which is not defined.
3-3 0

(d) Here in this case
The inclination of the line o =60 .

Then, the slope of the line is m =tan60° = /3

Example 2
If the angle between two lines is % and slope of one of the lines is % , find the slope of the other line.

Solution

Given that

..
The angle between two lines is 2

The slope of one of the lines is %

We know that the acute angle € between two lines with slopes m, and m, is given by
m, —m,
1+mm,

tan @ =

and 0:2.
4

Substitute the values in the equation(1),

we get

2
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1
m_i
1= 12
1+-m
2

which gives

1 1
m-—= m-—=
12 =1 or 12 =-1
1+=m 1+=m
2 2

Therefore m=3 or m= —%.

Hence, slope of the other line is 3 or —%.

Example 3

Line through the points (—2,6) and (4,8) is perpendicular to the line through the points (8,12) and
(X,24) . Find the value of X.

Solution

The general expression for slope of a line is

m=y2_y1
X; =%

Slope of the line through the points (—2,6) and (4,8) is

simillarly

Slope of the line through the points (8,12) and (X,24) is

24-12 12
m, = =

2 x-8 x-8

If two lines are perpendicular,
The product of their slope is 1
Then

mm, =-1,

which gives
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lx 12 =-lorx=4

3 x-8

Example 4

Three points P(h,k),Q(x,,y;) and R(X,,Y,) lie onaline.

Show that

(h=x)(y, =) = (k=¥:) (X, = %)

Solution

If two points are collinear, the slope of the lines connecting them are equal.
Since points P,Q and R are collinear,

Then, we have

Slope of PQ = Slope of QR ,

ie. y, —K _Yom ¥
X —h X —x
or k_Y1:Y2_y1
h_xl X, =X

Cross multiply the terms on each side.

Expanding the equation we have

(h=x)(Ya= 1) =(k=y,) (%, =x).

Hence proved

Example 5

In Fig 10.9, time and distance graph of a linear motion is given. Two positions of time and distance
are recorded as, when T=0,D =2 and when T =3,D =8. Using the concept of slope, find law of
motion, i.e., how distance depends upon time.

Solution

First we have to consider a point on the line,
Let ( T,D ) be any point on the line,

where D denotes the distance at time T.

Therefore,
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The points (0,2),(3,8) and (T, D) are collinear
If two points are collinear, the slope of the lines connecting them are equal.

In general, three points A, B and C are collinear if the sum of the lengths of any two line segments
among A B, B C and C A is equal to the length of the remaining line segment,

that is, either AB+BC = AC or AC+CB = AB or BA+ AC=BC.
so that

8-2 D-8

3-0 T-3
Simplify
6(T —3)=3(D-8)
Divide both sides by 6

6(T-3) 3(D-8)
6 6

Simplify

Add 3 to both sides
T-3+3=-2=8.,3
2
Simplify
D-8
=+
2

T 3

which is the required relation.

Exercise 10.1
Question 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 1:
Let A B C D 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, B C, C D, and D A, the
given quadrilateral can be drawn as

_|
|
w
Il
‘U
N
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To find the area of quadrilateral A B C D, we draw one diagonal, say A C.
Accordingly, area (ABCD) = area (aABC)+ area (aACD)
We know that the area of a triangle whose vertices are (X, ¥; ),(X,, Y, ). and (X,, y;) is
1
E‘Xl(yz - ys)+ X, (ys - y1)+ X3 (yl - yz)‘
Therefore, area of ~AABC
=%|—4(7+5)+0(—5—5)+5(5—7) | unit 2

=%|—4(12)+5(—2)| unit 2

:%|—48—10| unit 2

:£|—58| unit 2
2

:1><58 unit 2
2

=29 unit 2

Area of AACD
= % | -4(=5+2) +5(~2—5) + (-4)(5+5) | unit *

_ % | ~4(=3) +5(~7) — 4(10) | unit ?
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=%|12—35—40| unit 2

:1|—63| unit
2

_63 unit 2
2

Thus, area (ABCD) :(29+%3j unit *= 58;63 unit 2=1271 unit

Question 2:

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

Answer 2:
Let A B C be the given equilateral triangle with side 2 a.
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 =0C =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
(O, _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 Yy -axis.

“U

A
X' B hY
- L] 0 .r‘- L

< >
. 2a )
A
Yy
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On applying Pythagoras theorem to AAQOC, we obtain
(AC)? = (OA)* +(0OC)?

= (2a)* = (OA)* +a°

= 4a* —a’ = (OA)®

= (OA)* =3a°
— 0A=+/3a

. Coordinates of point A = (++/3a,0)

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

Question 3:

Find the distance between P(X,,y,) and Q(X,, Y, ) when:
(i) PQ is parallel to the y -axis,

(if) PQ is parallel to the X -axis.

Answer 3:

The given points are P(X,, ;) and Q(X,,Y,)-

(i) When PQ is parallel to the y -axis, X, =X, .

In this case, distance between P and Q = \/(X2 - X1)2 +(y2 - yl)z

= (Y2 _yl)z

:|yz_y1|

(if) When PQ is parallel to the X -axis, y, =Y,.

In this case, distance between P and Q = \/(Xz - X1)2 +(y2 - yl)z

=4(%, _Xi)z

=[x, = x|

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

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

Accordingly, \/(7—a)? +(6—0)? =+/(3—a)% + (4 —0)?

—J49+a? —14a+36 =/9+a2 —6a+16

— a2 —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 [%Oj

Question 5:

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 5:

The coordinates of the mid-point of the line segment joining the points

0+8 —-4+0

P(0,—4) and B(8,0) are( 5 5 J:(4,—2)

It is known that the slope (m) of a non-vertical line passing through the points (X, y,) and (X,,Y,)

isgivenby m=2"91 x »x

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 —%.

Question 6:

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 6:
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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 ()(1, yl)

and (X,, Y, ) is given by m=u,x2 £ X .
X

,—
5-4
Slope of AB(m, )=——=-1
p (m)=2—3
-1-5 6 3
Slopeof BC(m,) =——=—=—
P (m.) -1-3 -4 2
4+1 5
Slope of CA (m,)=——=—=1
P (m:) 4+1 5
It is observed that mm, = -1
This shows that line segments A B and C A are perpendicular to each other
And 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.

Question 7:

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

Answer 7:

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°

2y

O0° + 30°

X A

Voo

line

LA'S
Thus, the slope of the given line is tan120" = tan (180" —60" ) =—tan 60" = 3
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Question 8:

Find the value of x for which the points (x,—1),(2,1) and (4,5) are collinear.
Answer 8:

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

Slope of AB = Slope of BC

1-(-1) 5-1
- =
2-x 4-2

1+1 4
===
2—-X 2

:L:Z
2—X

=2=4-2X

=2X=2

=>x=1

Thus, the required value of X is 1.
Question 9:

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

Answer 9:

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

ni3.2) C3.3)
A(=2,-1) B(4.0)
Slope of AB :E=1
4+2 6
SIopeofCD:ﬁz__l:l
-3-3 6 6

= Slope of AB = Slope of C D

= AB and C D are parallel to each other.
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Now, slope of BC = ﬂ _ i -3
3-4 -1
Slope of AD = 2+1 :i:_
-3+2 -1

= Slope of AB = Slope of C D

= AB and C D are parallel to each other.

Now, slope of BC:ﬂzi:—B
3-4 -1
Slope of AD = 2+1 :i:—
-3+2 -1

= Slope of BC = Slope of AD
= BC and A D are parallel to each other.

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

Thus, points (-2,-1),(4,0),(3,3), and (—3,2) are the vertices of a parallelogram.
Question 10:
Find the angle between the X -axis and the line joining the points (3,—1) and (4,-2) .

Answer 10:

The slope of the line joining the points (3,—1) and (4,-2) is m= _24_—(;1) =-2+1=-1

Now, the inclination (&) of the line joining the points (3,—1) and (4,-2) is given by tan8=-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 .
Question 11:

The slope of a line is double of the slope of another line. If tangent of the angle between themis 1/ 3,
find the slopes of the lines.

Answer 11:

Let m, and m be the slopes of the two given lines such that m, =2m.

We know that if @ is the angle between the lines I, and |, with slopes m, and m,, then

m, —m,
1+mm,

tan@ =
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. 1
It is given that the tangent of the angle between the two lines is § 4

1 | m-2m
3 [1+(2m)-m
1_|-m_
3 |1+2m?

1 -m -m m
=5~ 7 OF 5=— 2 |7 2

3 1+2m 3 1+2m 1+2m
Case 1

1 -m
e —
3 1+2m?

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

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

Case 2

1= m
3 1+2m?

= 2m*+1=3m
—=2m?-3m+1=0
=2m*-2m-m+1=0
=2m(m-1)-1(m-1)=0
= (mMm-)(2m-1)=0

=m=1or m=l
2




Infinit})" ., Sri Chaitanya
Learn | Educational Institutions

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

1 . 1 .
If m= > then the slopes of the lines are 3 and 1 Hence, the slopes of the lines are —1 and —2 or
—% and -1 or1and 2 or 1 and1.

Question 12:
A line passes through (x,,y;) and (h,k). If slope of the line is m, show that k —y, =m(h—x,)
Answer 12:

The slope of the line passing through (x,,y;) and (h,k) is E_yl '

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

. k_yl =m
T h-x,
=k-y,=m(h-x)

Hence, k—y, =m(h—x,)

Question 13:
If three point (h,0),(a,b) and (0O,Kk) lie on a line, show that %+E =1.

Answer 13:
If the points A(h,0), B(a,b), and C(0,k) lie on aline, then

Slope of AB = Slone of B C

b-0 k-b
a—h —-a
b k—b
= —=—
a-h -a

= —-ab=(k-b)(a—h)

= —ab=ka—kh—ab+bh

= ka+bh=kh

On dividing both sides by k h, we obtain
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ka bh kh

I
kh  kh kh
= a + b =1
h k
Hence, a + b =1
h k
Question 14:
Consider the given population and year graph. Find the slope of the line A B and using it, find what
will be the population in the year 2010 ?
"
L v
102 -
‘ B
97 (1995, 97)
- = -\-. ’---v' -~ .
92 > (1985 92)
X
! s B - - “ L
0O | 1985 1990 1995 2000 2005 2010
Years
Answer 14:
Since line AB passes through points A (1985,92) and B (1995,97) , its slope is
97-92 51
1995-1985 10 2

® Population in Crores

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

.. Slope of AB = Slopeof BC

1_ y—-97
2 2010-1995

1 y-97

2 15

15
=—=y-97
> y

=y-97=75
= y=75+97=104.5
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Thus, the slope of line A B is % while in the year 2010, the population will be 104.5 crores.

Example 6

Find the equations of the lines parallel to axes and passing through (-2, 3)

Solution
The general expression is
When a line parallel to axes and passing through a point

It’s equation will be in the form y =mx+cC

Here,

The Yy -coordinate of every point on the line parallel to x -axisis 3,

therefore,

The equation of the line parallel to x -axis and passing through (-2,3) is y =3.
Similarly,

The equation of the line parallel to Yy -axis and passing through (—2,3) is X =-2.

Example 7
Find the equation of the line through (=2,3) with slope —4.

Solution
The general expression for equation of a line is

y=mx+cC

Where m is the slope of the line

Here m=—4 and given point (X,, Y, ) is (-2,3).
By slope-intercept form formula

equation of the given line is

y=mx+cC
y—-3=—4(x+2)or

4x+y+5=0,
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which is the required equation.

Example 8

Write the equation of the line through the points (1,—1) and (3,5).

Solution

Here, the points are given.

Let the points be (x,,y;) and (X, Y, )

Slope of the line joining the two points will be the slope of line whose equation we have to find.

Slope of the line joining two points = Yo H m

X, =%
Standard form of Eq. of the line is —

y =mx+cC where m = slope of the line

Eq. of the line is

y=mx+cC
Yo~ ¥
(y=y) =22 (x=x%)
' X; =%
After substituting the values if given and simplifying it, we will obtain the Eq. Of line in the stand
formi.e.,
y=mx+c

Here x, =1y, =-1,x,=3 and y, =5.

Using two-point form , above for the equation of the line,

we have

e =2=CD
Y= (== (D)
or

—3X+ Yy +4 =0, which is the required equation.

Example 9
Write the equation of the lines for which tan 8 = % where @ is the inclination of the line and (i) vy -

. 3 .
intercept is 3 (if) X -interceptis 4 .
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Solution

(1) Here, slope of the line is m =tan @ =% and y -intercept Cc = —g.

Therefore, by slope-intercept form
y=mx+cC

Here the m represents the slope of the line
Then substitute the values in the equation

We get,

1 3
=—X—— 0r2y—-x+3=0
y > > y

(ii) Here, we have m = tanQ:% and d =4.

The general expression for equation of a line is
y=mx+cC
Therefore,

by slope-intercept form above, the equation of the line is
1
yzz(x—4) or2y—-x+4=0

which is the required equation.

Example 10

Find the equation of the line, which makes intercepts —3 and 2 on the X -and Y -axes respectively.

Solution

Here

a=-3and b=2.

The general expression for equation of a line is
y=mx+c

By the intercept form,

The equation of the line is

Substitute the values in the intercept form,

Then
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1+X:1
-3 2

Cross multiply the terms
Which again solving we get
2x—-3y+6=0

Which is the required relation

Example 11

Find the equation of the line whose perpendicular distance from the origin is 4 units and the angle
which the normal makes with positive direction of X -axis is 15 .

Solution

Here, we are given p=4 and @ =15°

Now cosl5 =

and  sinl5 =>_~

242

By the intercept form, the equation is

xc0s15° + ysin15 =4

xcos(15°)=4—\/7

23
Y
simplify cos(15): “2;‘/5

J2+43 b, 2-3

2 2
Multiply both sides by 2

oy N2HV3

2
Simplify
V2+/3x=8-+/2-3y
Divide both sides by /2 +\/§

X

y

I . .
& w
5 Loge
N
N
o
<
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J2+43x _ 8 \2-43y
V248 248 2443

Simplify
x=(2-BW2+3(8-12-+3Y)

This is the required equation.

Example 12

The Fahrenheit temperature F and absolute temperature K satisfy a linear equation. Given that
K =273 when F=32 and that K =373 when F=212. Express K interms of F and find the
value of F , when K =0.

Solution

Assuming F along X -axisand K along Y -axis,
we have two points (32,273) and (212,373) in XY -plane.

By two-point form, the point (F, K) satisfies the equation

K—273:M(F—32) orK—273=@(F—32)
212-32 180
Simplify
373—273(F _39): 5(F —32)
212-32 9
K _273= 2(F=382)

It can also be written as
5
K :§(F—32)+273
which is the required relation.

When K =0, Equation (1) gives

239 _ 4914 or F=-4594

0=g(F—32)+273 or F-32=-
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Exercise 10.2

Question 1:

Write the equations for the X and Yy -axes.

Answer 1:

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

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

Question 2:
Find the equation of the line which passes through the point (—4,3) with slope % .

Answer 2:

We know that the equation of the line passing through point (XO, yo) , whose slope is m, is
(Y=¥o) =m(x—%)
. . . . 1. 1
Thus, the equation of the line passing through point (-4, 3) , whose slope is > is (y=3)= E(X+ 4)
2(y—3)=x+4

2y-6=Xx+4
ie, Xx—2y+10=0

Question 3:

Find the equation of the line which passes though (0,0) with slope m.
Answer 3:

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 (0, 0), whose slope is m, is

(y—0)=m(x-0)
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i.e, y=mx

Question 4:

Find the equation of the line which passes though (2, 2\/5) and is inclined with the X -axis at an
angle of 75

Answer 4:

The slope of the line that inclines with the X -axis at an angle of 75 is m =tan 75

L m=tan(45 +30°) = tns +tan30" " 3 _ 3 3+l
1-tan45 -tan30 ;_4.

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 though (2, 2\/5) and inclines with the X -axis at an angle of 75,

then the equation of the line is given as

J3+1
V3-1

(y-2V3)(3-1) = (v3+1)(x-2)
y(V3-1)-23(\/3-1) = x(v3+1) - 2(v3+1)
(3+)x—(3-1)y=23+2-6+23
(V3+Dx-(3-1)y=4y3-4

ie., (V3+1)x-(3-1)y=4(/3-1)

(y-243)= (x-2)

Question 5:

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.

Answer 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)

. 9 §
[N
+
oo"_‘ -
& Pl
= (BN
&
N
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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 lineis y =-2[x—(-3)]y =-2x—-6

ie, 2X+y+6=0

Question 6:

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 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+cC

Here, c=2 and m=tan30 = ——

0 e

Thus,

the required equation of the given line is

y—ix+2
V3
y_x+2\/§

V3
J3y=x+23
ie., x—\/§y+2\/§:0

Question 7:
Find the equation of the line which passes through the points (—1,1) and (2,-4).
Answer 7:

It is known that the equation of the line passing through points (X, y;) and (X,, Y, ) is

_ =3/2_y1 _
Y=Y, —xz—xl(x %)

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

(y-=" 2 (x+D

2+
(y—1>=‘§(x+1)

3(y—1) =-5(x+1)
3y—3=-5x-5

i.e, 5x+3y+2=0

Question 8:

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 8:

If p isthe 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 is given by
XCOSw+YySinmw=p

Here, p=>5 unitsand o =30’

Thus,

the required equation of the given line is X

cos30 +ysin30 =5

xﬁ +y- ¢ =5
2 2
i.e., \3X+ y =10
Question 9:
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 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.
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Accordingly, L is the mid-point of PQ. By mid-point formula, the coordinates of point L are given

P2, 1)

Q R
(-2.3) {4, 5)

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

y YV,
Y-V, —x2—><1(x X).

Therefore, the equation of RL can be determined by substituting ()(1, yl) =(4,5)
and (X,,, ¥,)=(0,2)

2-5
Hence, -5=——(x-4
y=5=43-,0-4

= y—5=:—i(x—4)

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

Thus, the required equation of the median through vertex R is 3x—-4y+8=0.

Question 10:

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

Answer 10:

The slope of the line joining the points (2,5) and (-3,6) is m= % = iS
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 (-3,6) :—%=—i:5

)

5

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

Question 11:

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 11:

According to the section formula, the coordinates of the point that divides the line segment joining the

n() +1(2) nw)+u$j=(n+2 3 j

1+n ' 1+n n+1' n+1

points (1,0) and (2,3) in the ratio 1: n is given by (

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

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

@maM(zaz_%:_%

n+2
Now, the equation of the line passing through (Li] and whose slope is —% is given by
n+

1 n+1
( 3) —1( n+2j
Y———F || X———
n+1 3 n+1

=3(n+)y-3]=—x(n+1)—(n+2)]
=3N+)y-9=—(n+D)x+n+2

= (L+n)x+31+n)y=n+11
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Question 12:

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

Answer 12:

The equation of a line in the intercept form is

54_!:1
a b

Here, @ 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=Db.

Accordingly, equation (i) reduces to

§+X:1

a a
=X+y=a

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 the equation(ii)

We obtain

X+ Y =5, which is the required equation of the line

Question 13:

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

Answer 13:

The equation of a line in the intercept form is

§+X=1

a b

Here, @ and b are the intercepts on x and y axes respectively.
Itis giventhat a+b=9=Db=9-—a... (ii) From equations (i) and (ii), we obtain

Yy _1

X
_+—
a 9-a

It is given that the line passes through point (2,2) . Therefore, equation (iii) reduces to
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=18=9a-a’

=a’-9%9+18=0

=a’-6a-3a+18=0

=a(a-6)—-3(a-6)=0

=(a-6)(a-3)=0

=a=6o0ra=3

If a=6 and b=9-6=3, then the equation of the line is

XYoo X+2y-6=0
6 3

If a=3 and b=9-3=6, then the equation of the line is §+%=1:> 2X+y—-6=0

Question 14:
Find equation of the line through the point (0,2) making an angle ?ﬁ 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 14:

The slope of the line making an angle 2?7[ with the positive X -axis is m = tan (2?”) = —\/5

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

(y-2) =—/3(x-0)
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i.e., v3X+ y—2=0

The slope of line parallel \/§x+ y—-2=0is —3 to line.

It is given that the line parallel to line \/§x+ 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 point (0,—2) and having a slope —\/§ is
y—(-2)=—3(x-0)

y+2= —/3x

BX+y+2=0

Question 15:
The perpendicular from the origin to a line meets it at the point (—2,9), find the equation of the line.
Answer 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 point (—2,9) is
1 1 2

m2:——=——9=_
m, ~9Y) 9
-3)

Now, the equation of the line passing through point (-2,9) and having a slope m, is

(y—9>=§(x+2)

9y-81=2x+4
i.e, 2x—9y+85=0

Question 16:

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
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C.

Answer 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 -axisand L along the y -axis, we have two points
i.e., (20, 124.942)and (110,125.134) in the X Y 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—124.00) - 125134124002
110-20

L-124.942 = %(C—ZO)

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

Question 17:

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 17:
The relationship between selling price and demand is linear.

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) inthe X Y 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).

y_ogo_1220-980
16-14

y—980 :%(X—14)
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y—980=120(x—14)

i.e., y=120(x—14) +980

When x = Rs 17/ litre,

y =120(17 —-14) + 980
=y =120x3+980 = 360+980 =1340

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

Question 18:

P(a,b) is the mid-point of a line segment between axes. Show that equation of the line is X +% =2
a

Answer 18:

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

-‘V
|

A

Pia, b)

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,

O+x y+0)
(T’Tj“a’b)

Xy _
3(5,5}—(a,b)

—X_aand L=b
2 2

s x=2aandy=2b

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

0-2b
(v-20)=0-2 o)
(2a-0)
y-2b="2
2a

a(y —2b) =—bx

ay —2ab = —bx

i.e.,, bx+ay =2ab
On dividing both sides by a b, we obtain
bx  ay _2ab

ab ab ab
= X + Y 2

a b
. Xy
Thus, the equation of the line is — +E =2.
a

Question 19:
Point R (h,k) divides a line segment between the axes in the ratio 1: 2. Find equation of the line.
Answer 19:
Let A B be the line segment between the axes such that point R(h,k) divides A B in the ratio 1: 2 .

.

A
B4

1

0
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,

(h’k):(1x0+2xx 1x y+2x0j

1+2 1+2
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2x Y
hk)=| <X Y
= (h,K) ( & 3)
2X y

=>h=—andk==
3 3

:x:% and y =3k

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

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

3k-0 3h 2k 3h
—Q)=———| x—— =——| x—— | hy==-2kx+3hk
(y=0) 0_3*1( 2]y h( 2J y =

2
i.e., 2kx+hy =3hk
Thus,

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

Question 20:

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

Answer 20:

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_2) (x-23)

—-0)=
(y-0) 2.3

—2
=—(x-3
y=—(x-3)
Sy=2x-6
ie., 2x—5y=6

Itis observed thatat x=8 and y =2,
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LHS. =2x8-5%x2=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.

Example 13
Equation of a line is 3x—4y+10=0. Find its (i) slope, (ii) X— and Y -intercepts.
Solution

(i) Given equation 3x—4y+10=0 can be written as

5

The general expression for equation of a line is

y=mx+c

Compare the equation (1) with the given equation

So,
. . 3
we have slope of the given lineas m= Z :

(i) Equation 3x—4y+10=0 can be writtenas 3x—4y =-10

Comparing (2) with S +% =1,
a

. 10
we have X -interceptas a = 3
. 5
and y -interceptas b = 5

Example 14

Reduce the equation J3x+ y—8=0 into normal form. Find the values of p and @.

Solution
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Given equation is

Dividing (1) by +/(+/3)2 +(1)? =2, we get
V31 o1 1

N x+Zy—Zy=4-=
g XY YT Y

Simplify

ﬁx;[],_ly
2 2

Multiply both sides by 2

Ve

1
2. X%x=2.4-2.2
2 27

Simplify
J3x=8-y

3
Divide both sides by

J3x 8y

B BB
Simplify
_3(8-y)

3

X

c0s30'X+sin30°y =4 .............. )
Comparing(2)with xcosw+ ysinow=p,

weget p=4 and ®=30".

Examplel5
Find the angle between the lines y —/3x-5=0 and J§y -Xx+6=0.

Solution

Given lines are

y—/3x—=5=00ry=+/3x+5
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and

1
J§ -X+6=0o0r =—x—2\/§
y y J§
. . . . 1
Slope of line (1) is m, = \/§ and slope of line (2) is m, = ﬁ
The acute angle (say) @ between two lines is given by
ang=| e M) 3)
1+mm,
Putting the values of m; and m, in (3), we get
1
5
tan @ = 3—1
1+/3x——
3
L3
-3
_|\f3
1+1
1 2
Join ——\/§: -
V3 3
_2
_| B
1+1
Add the numbers: 1+1=2
_2
_|B
2
_2
L 3 2
Simpli \/_ -
plify 5 >3
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Divide the numbers: % =1

_kgL
3
Apply absolute rule: |—a|=a

1

B

which gives @ =30". Hence, angle between two lines is either 30" or 180" —30" =150".

Example 16

Show that two lines a,x+by+c¢, =0 and a,x+b,y+c, =0, where b,,b, # 0 are:

(1) Parallel if & ﬁ,
b2

(i) and (ii) Perpendicular if a,a, +bb, =0.

Solution Given lines can be written as

q G
y=—tx—2
b, b,

aZ CZ
=——X—-——
Y=, ",

8

Slopes of the lines (1) and (2) are m, = _E and m, = —%, respectively.
2

Now

(i) Lines are parallel, if m, = m,, which gives

b b, B b

(iii) ~ The lines are perpendicular if

a a
I R Y

m-m,=-1,

which gives

8 &
—+.—2=-1oraa,+bbh,=0
bl b2 a:l. 2 b.l 2
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Example 17

Find the equation of a line perpendicular to the line x—2y +3 =0 and passing through the point
@-2).

Solution

The general expression for equation of a line is

y=mx+cC

Given line x—2y—3=0 can be written as
y-1yi3
2 2

The m represents the slope of the line

So the slope of the line is

Equation of the line with slope —2 and passing through the point (1,—2) is
y—(-2)=-2(x-1) ory =-2x

which is the required equation.

Example 18
Find the distance of the point (3,-5) from the line 3x—4y—-26=0.

Solution

Givenlineis 3x—4y-26=0

Comparing (1) with general equation of line Ax+By+C =0,
we get

A=3B=-4and C=-26

Given pointis (X, y;)=(3,-5).

The distance of the given point from given line is
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_|Ax, +By, +C| _|3.3+(-4)(-5)-26]
JA? 1B’ VF +(-4)°

Remove parentheses: (—a) =—a,—(-a)=a

d

3.3+4-5-26]
J3F +(—4)?
13.3+4-5-26]=2.7

2.7

I3+ (-4)?

3
5

Example 19

Find the distance between the parallel lines 3x—4y+7 =0 and
3x—4y+5=0

Solution

Here A=3,B=-4,C, =7

and C, =5.

Therefore, the required distance is

|7-5]

|7-5[=2

d=

2
3+ (-4)?

Simplify

d=

d==<
5

Exercise 10.3

Question 1:

I . .
N
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Reduce the following equations into slope-intercept form and find their slopes and the y intercepts.
(i) x+7y=0
(if) 6x+3y—-5=0
(iii) y=0
Answer 1:
(i) The given equation is X+ 7Yy =0. It can be written as
1
y=—7x+0

1
This equation is of the form y =mXx+cC, where m = - and c=0

. 4
Therefore, equation (1) is in the slope-intercept form, where the slope and the y intercept are -
and 0 respectively.
(i) The given equation is 6Xx+3y—-5=0

It can be written as

1
=—(-6x+5
y=3( )
5
=—2X+—
Y 3

This equation is of the form y =mx+c, where m=—-2 and Cc = % .

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

5 .
3 respectively.

(iii) The given equationis y =0.

It can be written as

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

This equation is of the form y =mx+c,
where m=0 and c=0.

Therefore, equation (3) is in the slope-intercept form, where the slope and the Y -intercept are 0 and 0
respectively.
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Question 2:

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

(i) 4x—-3y =6

(iii) 3y+2=0.

Answer 2:

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

It can be written as

3X+2y=12.......... (1
%4_&:1
12 12
i.e.,5+X:1

4 6

. - X 'y
This equation is of the form —+ E =1

a

where a=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.

(i) The given equation is 4x—3y =6

It can be written as

This equation is of the form X + % =1, where a= § and b=-2.

a

Therefore, equation (2) is in the intercept form, where the intercepts on the X and y axes are 3/2
and —2 respectively.

: P N N
: o w| ®|
— z x x
N I loo
NwWix N|<
\_‘/ 03|<
Il
+ s I
| -
N‘<
| ——
Il
H
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(iii) The given equationis 3y+2=0.
It can be written as

3y=-2

The equation is of the form X +% =1,where a=0 and 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.
Question 3:

Reduce the following equations into normal form. Find their perpendicular distances from the origin
and angle between perpendicular and the positive X -axis.

(i) Xx—+/3y+8=0

(i) y—-2=0

(i) x—y=4

Answer 3:

() The given equation is x—\/§y+8 =0.
It can be reduced as:

X—+/3y =-8

:>—x+\/§y=8

On dividing both sides by +/(=1)? +(+/3)? = v/4 = 2, we obtain

.

2

= X€0s120" +ysin120" =4

Equation (1) is in the normal form.

] . . e

U | -

— NIx ®
| + _l

&") '\’|oo wln =
=< < N—
+ I '[

N | 0o
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On comparing equation (1) with the normal form of equation of line X cosw+ ysinw = 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 equationis y—2=0.

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

On dividing both sides by v/0* +1* =1, we obtain 0.x+1.y =2
= xc0s90" +ysin90 =2...(1)

cosw+ ysinw = 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 equationis x—y =4.

It can be reduced as 1-x+(-1)y =4

On dividing both sides by /12 + (=1)> =~/2 , we obtain
ix{_ijy_i

2 2)7 2

= xcos(h—%j+ysin(2n—%)= 22

— X 05315 +Yysin315 =22
Equation (1) is in the normal form.
On comparing equation (1) with the normal form of equation of line Xcosw+ ysin® = p, we obtain

w=315" and p=2+2

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 .

Question 4:
Find the distance of the point (—=1,1) from the line 12(x+6) =5(y—2).
Answer 4:

The given equation of the line is 12(Xx+6) =5(y —2).
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—12x+72=5y-10
—12x—5y+82=0...

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 aline Ax+By+C =0 from a point (xi, yl) is
d- |Ax, + By, +C]|

JA? + B?

The given point is (X, y;) = (-11).

given by

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

$:|12(_1)+(_5)(1)+82| units _|12-5+82] units _165] units =5 units $
J@2)? + (-5 J169 13
Question 5:

. . . . . X .
Find the points on the X -axis, whose distances from the line §+% =1 are 4 units.

Answer 5:

The given equation of line is

s2+Y 19
3 4

or, 4x+3y—-12=0

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,) isgiven by d :M
JA B2
Therefore,
4 |4a+3x0-12]

N4+ 3
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—|4a-12|=20

— +(4a-12)=20

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

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

Question 6:

Find the distance between parallel lines

(i) 15x+8y—-34=0 and 15x+8y+31=0
@) I(x+y)+p=0and I(x+y)—-r=0
Answer 6:

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

d = |C1_C2|
JA? 4+ B?
Then
15x+8y—-34=0 and 15x+8y+31=0.

Here, A=15,B=8,C,=-34,and C, =31
Therefore, the distance between the parallel lines is

C,-C,|  |-34- -
d= C=C,f _ |-34-31] units=| 65|units:§ units

CJATiB? Jus) 4 (8) 17

(ii) The given parallel linesare 1(x+Yy)+p=0and I(x+y)-r=0
IX+ly+p=0 and IX+ly—r =0 Here,
A=1,B=1,C,=p,and C, =—r

Therefore, the distance between the parallel lines is
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g [C=Cl _lptrl o Iptr]

r 1
CJA B 174 J212 1N2 V2

Question 7:
Find equation of the line parallel to the line 3x —4y+2 =0 and passing through the point (-2,3).

Answer 7:

The equation of the given line is

3X—-4y+2=0

or y—%+g
4 4

or y—§x+E
4 2

which is of the form y =mx+c

.". Slope of the given line =3/4

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 slope of % and passes through the point (-2,3 )is

(y-3)= %{x—(—z)}

4y—-12=3x+6
i.e, 3Xx—-4y+18=0

Question 8:

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

Answer 8:
. . . 1 5
The given equation of lineis Xx—7y+5=0. Or, y:7x+7

which is of the form y =mx+c
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.". Slope of the given line :%

. . . . 1.
The slope of the line perpendicular to the line having a slope of 7 ism=-—

The equation of the line with slope —7 and X -intercept 3 is given by y
=y=-7(x-3)
= y=-7x+21

=7x+y=21

Question 9:

Find angles between the lines J3x+ y=1and x+\/§y =1

Answer 9:

The given lines are \/§x+y:1 and x+\/§y:l.

1 1
=—3x+1 ...() and y=———x+-—"— ...(2
y @ Y="B"" R (2)
The slope of line (1) is m, :—\/5,
while the slope of line (2) is m -
RN
The acute angle i.e., @ between the two lines is given by
tan @ = M
1+mm,
_\/§+}
tan 64 31
1+(—/3)| - = |
-
tanez‘_3+1
V3
1] -2
tanf=—|——
V3|2x+/3
0=30
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Thus, the angle between the given lines is either 30" or 180" —30 =150".

Question 10:

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.

Answer 10:

The slope of the line passing through points (h,3) and (4,1) is

1-3 -2
M -h 4-h

The slope of line 7x—-9y—-19=0 or y:gx—% is

m2 :§

It is given that the two lines are perpendicular.

Smpxm, =-1

=
=

-14
36-9h

=14=36-9n
=% =36-14

2
9

=

=h

Thus, the value of h is %

Question 11:
Prove that the line through the point (X, y;) and parallel to the line Ax+By+C =0 is A
(x—x)+B(y-y,)=0

Answer 11:

| ~
N
N—
X
7N\
[eJEN]
N—
Il
|
=
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The slope of line Ax+By+C=0 or y= Alxe[E)ism=-2
B B B
It is known that parallel lines have the same slope.

.". Slope of the other line =m = —%

The equation of the line passing through point ()(1, yl) and having a slope m = —% is
Y- = m(x - Xi)

Y=V :_%(X_)ﬁ)

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

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

Question 12:

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 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 .

-~ tan60 =M.
1+mm,
:>\/§: 2—I’T]2
1+2m,
:>\/§=i 2—m2
1+2m,
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= 3=2—m2 or J3=— 2-m,
1+2m, 1+2m,

= /3(1+2m,)=2-m, or ¥3(1+2m,)=~(2-m,)
= 3+2\/§m2+m2:2 or\/§+2\/§mz—mzz—2
=3+ (2V3+1)m, =2 or 3+ (23 -1)m, =2

2-3 orm :—_(2+\/§)
2V3+)  ° (243-D)

2:

Case I:

2-+3
e :(2\/§+1J

The equation of the line passing through point (2,3) and having a slope of (2 _\/é) is given by
(2\3+1
2-+3
-3)= X—2
(y-3) 23+ 1( )
(23+1)y-3(2V3+1) = (2—V3)x-2(2—3)
(3-2)x+(2\3+1)y =—4+23+63+3
(3-2)x+(2/3+1)y=-1+8V3
In this case, the equation of the other line is (\/5— 2)X + (2\/§+1)y =-1+83.
Casell: m,= M
(2V3-1)
The equation of the line passing through point (2,3) and having a slope of M is
(2V3-1)
—(2++3
(y-3) ="y
(2V3-1)

(2V3-1Dy-32V3-1) =2 +3)x+2(2++3)
(23 -1y +(2+/3)x=4+2/3+6+3-3
(2+3)x+(243-1)y=1+83
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In this case, the equation of the other line is (2 +\/§)X + (2«/§—l)y =1+ 8\/5
Thus, the required equation of the other line is (\/§ —-2)X+ (2\/§+1)y =—1+8V3 or

(2+3)x+(24/3-1)y=1+8V3

Question 13:

Find the equation of the right bisector of the line segment joining the points (3,4) and (— 1,2).
Answer 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 = (%4%2) =(1,3)
Slope of ABzﬂz_—zz1
-1-3 -4 2
. . 1
Slope of the line perpendicularto AB = ———=-2

2

2

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

—-3=-2X+2

2X+y=5

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

Question 14:
Find the coordinates of the foot of perpendicular from the point (—1,3) to the line 3x—4y —-16=0
Answer 14:

Let (a,b) be the coordinates of the foot of the perpendicular from the point (—1,3) to the line
3x—4y-16=0.
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(-1.3)

(a. b)Y
3x -4y -t6-0

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

Slope of the line 3x—-4y—-16=0 or y:%x—4,m2 :g

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

2

3b-9
= =-1
da+4
=3b-9=-4a-4
=4a+3b=5

Point (a,b) lies on line 3x—4y =16

~.3a—-4b=16...(2)
a=§ and b:—4—9
25 25

Thus, the required coordinates of the foot of the perpendicular are (2—2 , —;—2] .

Question 15:

The perpendicular from the origin to the line y = mX+C meets it at the point (—1,2) . Find the values
of mand C.

Answer 15:

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.
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.". Slope of the line joining (0,0) and (-1, 2):31:—2

The slope of the given lineis m .

mx—2=-1
1
=m==
2

Since point (—1,2) lies on the given line, it satisfies the equation y =mx+c

s2=m(-D+c

:>2z%(—1)+c

=Cc=2+

N |~
N | o1

. 1
Thus, the respective values of m and c are E and g

Question 16:

If p and g are the lengths of perpendiculars from the origin to the lines xcos@— ysin @
=kcos20 and xsecé+ ycosech =k , respectively, prove that p* +4q° =k?

Answer 16:
The equations of given lines are

Xcos@—ysind =k cos 26

xsecd+ ycosect =k

The perpendicular distance (d) of a line Ax+By+C =0 from a point (X1 yl) is given by

de |Ax, + By, +C|
JA? +B?
Ax+By+C=0,

we obtain A=cosd,B =-siné,
and C =—k cos 260
It is given that p is the length of the perpendicular from (0,0) to line (1).

p_|A(0)+B(O)+C|_ IC|]  |-kcos26|

JA? 1 B? JAZ B2 Jeos?@+sinZo

=| -k cos 260 |
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Ax+By+C =0, we obtain A=secé,B =cosecd, and C=—k

It is given that q is the length of the perpendicular from (0,0) to line (2).

_[A0)+B(O)+C|  |[C|] | k|
q= 2 2 N 2 2 2 2
JA24B JA21B?  Jsec? O+ cosec? @

We have,

2
p2+4q2=(|—k00320|)2+4( K] j
\Jsec? 6+ cosec? 6

4k?
(sec2 6 + cosec? 49)

=k? cos’ 26 +

4k?
E=n
cos’0d sin’@

4k?
(s,in2 0 + cos’ 0)

=k? cos® 260 +

=k?cos’ 26 +

sin® @cos? @
4k?
(s penso)
sin® @ cos? 6

=k? cos® 26 + 4k? sin® @ cos®

=k? cos? 20 +

=k?cos? 20 +k?(2sin 6 cos 6)*
=k? cos® 20 +k*sin® 26

= k?(cos? 20 +sin® 26

— k2

Hence, we proved that p* +4q* = k°.

Question 17:

In the triangle A B C with vertices A(2,3), B(4,-1) and C(1,2), find the equation and length of
altitude from the vertex A.

Answer 17:

Let A D be the altitude of triangle A B C from vertex A.
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Accordingly, AD perpendicular to BC

Al2,3)

-
B, -1 D C(l,2)

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

=Xx-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 B C The equation of B C is

2+1
(y+1)=m(X—4)

= (y+1) =-1(x—-4)

=>Yy+l=—x+4

= X+y-3=0

The perpendicular distance (d) of a line Ax+By+C =0 from a point ()(1, yl) is given by

d 4 |Ax, + By, +C|

VA% + B?
Ax+By+C =0,weobtain A =1,B=1,and C=-3
|1x 2+ |x3-3] |2]

2
units = — units = —= units = \/5 units
VP2 + 1 V2 V2

Thus, the equation and the length of the altitude from vertex A are y—x=1 and \/E units
respectively.

.. Length of AD =

Question 18:
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If p isthe length of perpendicular from the origin to the line whose intercepts on the axes are a and

1 1
b, then show that: — = —+—
a~ b

Answer 18:
It is known that the equation of a line whose intercepts on the axes are a and b is

§+X=1
a b

or bx+ay=ab

orbx+ay—ab=0
The perpendicular distance (d) of aline Ax+ By +C =0 from a point (X1 yl) is given by
de |Ax, + By, +C|
JA?+B?
Ax+By+C =0, weobtain A =b,B=a,and C=-ab
Therefore, if p is the length of the perpendicular from point (x,, y; )= (0,0) to line (1), we obtain

| A(0)+B(0)—ab|
p - 2 2
vb*+a
| —ab|
va’ +b?
On squaring both sides, we obtain

. (—ab)?
a’+b?

=p=

P

= p?(a’+b*)=a’b’

a?+bh* 1

T p?

1 1

iy
Hence, we showed that iz = iz + iz .
p° a° b

I . VED.
U
_ON||_\
|
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Miscellaneous Examples

Example 20

If the lines 2x+y—-3=0,5x+ky—-3=0 and 3x—y—2=0 are concurrent, find the value of k.

Solution

Three lines are said to be concurrent, if they pass through a common point, i.e., point of intersection
of any two lines lies on the third line. Here given lines are

2x+y—-3=0
5x+ky—-3=0
3Xx—y-2=0

-y+8
2

Isolate X for 2Xx+y—-3=5: X=

-y+8

Substitute X =

-y+8
2

-y-2=0

YH8 y-3-3
2

Simplify

-3y+8
2

~2=0

-y+8

+ky—-3=3

-3y+8

Isolate y for -2=0: y:%

smwwmy=%

|
wlhs
N
+
oo
+
=~
w| >
|
w
Il
w
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Simplify
3 3

Isolate k for 1+£k:3: k=2
3 3

. . 1 4
The solutions to the system of equations are: X = 30 k=2,y= 3

k=2

Example 21

Find the distance of the line 4x—y =0 from the point P(4,1) measured along the line making an
angle of 135" with the positive X -axis.

Solution

Given line is 4x—y =0 In order to find the distance of the line (1) from the point P(4,1) along
another line, we have to find the point of intersection of both the lines. For this purpose, we will first

find the equation of the second line (Fig 10.21). Slope of second line is tan135" = —1. Equation of
the line with slope —1 through the point P(4,1) is

y—-1l=-1(x-4)orx+y—-5=0

Solving this we get

x=1and y =4 so that point of intersection of the two lines is Q(L,4).
Now, distance of line (1) from the point P(4,1) along the line (2)

= the distance between the points P(4,1) and Q(L,4)

J@-4)? + (4-1)?

(1-4) =3
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(4-1% =3
Add similar elements: 3° +3° =32
Apply radical rule: Q/%=Q/5Q/B, assuming a>0,b>0 2\/5\/3_2
Apply radical rule: Q/aTza, assuming a=>0
J3 =3
32

Example 22

Assuming that straight lines work as the plane mirror for a point, find the image of the point (1,2) in
the line x—3y+4=0

Solution
Let Q(h,k) is the image of the point P(1,2) in the line
x—3y+4=0

-1
Slope of linex—3y+4=0"

Hence Slope of line PQ =

< or 3h+k=5

so that k=2 _
h

and the mid-point of PQ, i.e., point (%k%zj will satisfy the equation (1) so that

2 2

Remove parentheses: (a) =a

h+l 3 k+2. 40
2 2

= Il
N+
H
|
w
TN
=~
N |+
[
~— w\l—\|
+
~
1
o
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Multiply k+2 : 3(k+2)
2
M‘ - M +4=0
2 2
Add €2 10 both sides
hol 3k+2),, 3k:D) o 3kr2)
Simplify
2 2
Subtract 4 from both sides
hl , ,_3k+2) ,
2 2
Simplify
h+1 3(k+2) 4
2 2
h—3k=-3

Solving (2) and (3), we get h :g and k = %

Hence, the image of the point (1,2) in the line (1) is (g%j

Example 23

Show that the area of the triangle formed by the lines

(Cl_cz)2

y=mX+cC,y=mxXx+¢, and Xx=0 is ———
2|m, —m|

Solution

Given lines are
y=mX+c,
y=m,X+¢,

x=0
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We know that line y = mx+c meets the line x=0 ( y -axis) at the point (0,c) .

Therefore, two vertices of the triangle formed by lines (1) to (3) are P(0,c,) and Q(0,c, ) (Fig 10.
23). Third vertex can be obtained by solving equations (1) and (2). Solving (1) and (2), we get

(c.—¢)

(m, —m,)

(m1C2 B mzcl)

"~ (m —m,)

and y =

Therefore, third vertex of the triangle is R {

(c,-¢) (mg, _mzcl))
(m-m,)" (m—-m,)

Now, the area of the triangle is

2
m,C, —m,C, C,—C m,c, —m,C, (CZ _cl)

$= |0 -C, |+ C,—C +0((;l J: $
[ m, —m, 2] 2( ) m, —m, 2|m1_m2|

Example 24

A line is such that its segment between the lines 5X—y+4 =0 and 3x+4y—4 =0 is bisected at the
point (1,5). Obtain its equation.

Solution

Given lines are

5x—y+4=0

3x+4y-4=0

Let the required line intersects the lines (1) and ( 2) at the points, (4, 8,) and (,, 3, )
Therefore

Sa, — B, +4=0and

3, +45,-4=0

4-3a,

or B =5 +4and S, = 1

We are given that the mid point of the segment of the required line between (o, 3,) and (a,, 3, ) is
(4,5). Therefore

A% _q1and P+ p, -5
2 2
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Sa, +4+ 4-3a,
or 0(1+0{2:2 and 5 -5,

or o, +a, =2 and 20a, —3a, =20

Solving equations in (3) for «; and «,, we get

26 20
a,=— and a, =— and
23 23
26 222
hence, S, =5 —+4=——-.
Ai=503 23

Equation of the required line passing through (1,5) and (al,ﬁl) is

25
y-5=2 21, y-5= 8 ()
a, -1 é—l

23
or
107x-3y-92=0

which is the equation of required line.

Example 25

Show that the path of a moving point such that its distances from two lines 3x—2y =5 and
3X+2y =5 are equal is a straight line.

Solution

Given lines are

3x-2y=5

and

3X+2y=5

Let (h,k) is any point, whose distances from the lines (1) and (2) are equal. Therefore

|3h—2k -5| |3h+2k-5]
J9+4 J9+4

which gives 3h—2k —-5=3h+2k —5 or —(3h—2k —5) =3h+2k -5.

or [3h—2k —5|=|3h+ 2k — 5|

Solving these two relations we get k =0 or h= g
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Thus, the point (h,k) satisfies the equations y =0 or X = g

which represent straight lines.

Hence, path of the point equidistant from the lines (1) and (2) is a straight line.

Miscellaneous Exercise on Chapter 10

Question 1:

Find the values of k for which the line (k —3)x—(4— kz) y+k?=7k+6=0is
(a) Parallel to the X -axis,

(b) Parallel to the y -axis,

(c) Passing through the origin.
Answer 1:

The given equation of line is
(k=3)x—(4-k?)y+k*—~7k+6=0...()

() If the given lines are parallel to 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

— 2—
y=K=3 K ZTREC | ichis of the form y = mx+c

(4)"" i)
(k-3

(41

Slope of the given line =

Slope of the X -axis =0
(k=3) =0
(4-K°)
=k-3=0
=k=3
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Thus, if the given line is parallel to the X -axis, then the value of k is $3.
(b) If the given lines are parallel to the y axis , its slope will be undefined.
Then
(k-3)
(4-K°)
(k-3)

(4-5)

k=4

Now, is undefined at k% =4

=k=42
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-k*)(0)+k* ~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 .

Question 2:

Find the values of & and p, if the equation Xxcos@+ ysin& = p is the normal form of the line
J3x+ y+2=0

Answer 2:

The equation of the given line is J§x+ y+2=0.

This equation can be reduced as

J§x+y+2:0

:>—\/§x—y=2

On dividing both sides by \/(—«@)2 +(=1)? =2, we obtain
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V3,12
2 2 2

[ )elah

Comparing equation (1) to Xxcos@+ ysind = p, we obtain

J3

cosez——,sinez—l, and p=1
2 2

Since the values of sin@ and cos@ are negative,

9=7z+z=7—7z
6 6

Thus, the respective values of @ and p are %T and 1.

Question 3:

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

Answer 3:

Let the intercepts cut by the given lines on the axes be @ and b .
It is given that

a+b=1................(

ab=—6.........ccc........(2)

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

a=3andb=-2ora=-2and b=3

. . . . . X
It is known that the equation of the line whose intercepts on the axes are a and b is — +% =1lor

a
bx+ay—ab=0
Casel: a=3and b=-2
In this case, the equation of the line is —2x+3y+6=0,i.e., 2x—-3y =6
Casell: a=-2 and b=3
In this case, the equation of the line is 3x—2y+6=0,i.e., -3Xx+2y=6

Thus, the required equation of the lines are 2x—3y =6 and —3x+2y =6
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Question 4:

. . . . X . .
What are the points on the y -axis whose distance from the line 3 +% =1 is 4 units.

Answer 4:

Let (0,b) be the point on the y -axis whose distance from line §+% =1 is 4 units. The given line

can be written as
4x+3y—-12=0
Ax+By+C =0, weobtain A=4,B=3,and C=-12

It is known that the perpendicular distance (d) of aline Ax+By+C =0 from a point (x1 yl) is
4o |Ax, + By, +C|

JA? + B?
y

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

given by

then:
| 4(0)+3(b)-12|
) & +3
5
= 203b-12|

4

=4

— 20=+(3b-12)
— 20 =(3b-12) or 20=—(3b—12)
—30=20+12 or 3b=-20+12

:bzg orb:—§
3 3

Thus, the required points are (0%) and (O,—gj

Question 5:

Find the perpendicular distance from the origin to the line joining the points (cos#,sin &) and

(cos¢,sin @)
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Answer 5:

The equation of the line joining the points (cos@,sin @) and (cos@,sin @) is given by

sing—sinéd

y—sinf =
coS¢—cosé

(x—cos )

y(cos ¢ —cos @) —sin #(cos ¢ —cos &) = x(sin ¢ —sin ) —cos (sin ¢ —sin &)

X(sin @ —sin ¢) + y(cos ¢ —cos &) + cos @sin ¢ —cos @sin @ —sin @ cos g +sindcosd =0
X(sin @ —sin @) + y(cos g —cos ) +sin(¢—0) =0

Ax+By+C=0,

where A=sin@-sing,B=cos¢—cosd, and C =sin(¢—0)

It is known that the perpendicular distance (d) of a line Ax+By+C =0 from a point (x1 yl) is
|Ax, + By, +C]|

givenby d =
JA? +B?

Therefore, the perpendicular distance (d) of the given line from point (x1 yl) =(0,0) is

_ | (sin @ —sin ¢)(0) + (cos ¢ —cos A)(0) +sin(¢— ) |
\/(sin 6 —sin ¢)* + (cos ¢ — cos 6)*

_ |sin(¢—06)| _ |sin(¢p—6) |
\/sin2 0 +sin® ¢ — 2sin @sin ¢+ cos® ¢+ cos” @ — 2cos ¢ cos & \/(sinz 0 +cos® 6?)+(sin2 ¢+ cos’ ¢)—2(sin6

d

__ |sin(g-0)|
J1+1-2(cos(4—0))

__|sin(¢-0)|
J2(1-cos(¢—0))

Fow (2]

_Isin(-0)]
2sin(¢ - 0)|

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 6:
The equation of any line parallel to the y -axis is of the form
X=a

The two given lines are

X—-7y+5=0
3Xx+y=0

. : : 5 15
3x+ Yy =0 On solving equations (2) and (3), we obtain X = Y and y = %

Therefore, (—%gj is the point of intersection of lines (2) and (3).

Since line X = a passes through point —EE , S0, a= —i
22 22 22

Thus, the required equation of the line is X = —%

Question 7:

Find the equation of a line drawn perpendicular to the line §+% =1 through the point, where it

meets the Y -axis.

Answer 7:

The equation of the given line is %+% =1.

This equation can also be written as 3x+2y—-12=0

y:_;x+6 , which is of the form y=mx+c
3 . .
.. Slope of the = —5 given line

.". Slope of line perpendicular to the given line = ———— = %
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Let the given line intersect the y -axis at (0, y).

On substituting X with 0 in the equation of the given line, we obtain % =1=>y=06

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

The equation of the line that has a slope of 2/3 and passes through point (0,6) is

(y—6)=§(x—0)

3y—-18=2x
2x-3y+18=0

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

Question 8:

Find the area of the triangle formed by the lines y—x=0,x+y=0 and x—k =0.
Answer 8:

The equations of the given lines are

y—x=0

X+y=0

x—k=0

The point of intersection of lines (1) and (2) is givenby x=0 and y=0

The point of intersection of lines (2) and (3) is given by x=Kk and y =-k

The point of intersection of lines (3) and (1) isgiven by x=Kk and y =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,, Y, ), and (X;, y;) is

1
E‘X1(Y2 _Y3)+X2(y3_y1)+X3(Y1_y2)‘

Therefore,

area of the triangle formed by the three given lines

= % |O(=k —K)+k(k —=0)+k(0+k)| square units
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= %‘kz + kz‘ square units

= %‘Zkz‘ square units

= k? square units

Question 9:

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

Answer 9:

The equations of the given lines are
3X+y-2=0

px+2y—-3=0

2x—-y-3=0
On solving equations (1) and (3), we obtain
x=landy=-1

p1)+2(-1)-3=0

p—-2-3=0p=5

Thus, the required value of p is5.

Question 10:

If three lines whose equations are Yy =m,X+¢C;, Yy =m,X+C, and y = m,X+C, are concurrent, then

show that m, (¢, —c;)+m, (c;—¢,)+m;(c,—c,)=0.
Answer 10:

The equations of the given lines are

=m,X+C¢,
y=mX+cC,
On subtracting equation (1) from (2), we obtain

O=(m2—ml)x+(c2—cl)

< <
Il

3

x

+

'_‘O

—

E
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:>(ml—m2)x:cz—cl

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

y:m1( — j+cl

m, —m,
m,C, —m,C
y =12 1 1_,_(:1
m,—m,
y = m,C, —m,G; +m¢, —M,G
m,—m,

_ m,C, —m,C,
m, —m,

c,—C, mc,—m . . . . .
o =1 12 2% | s the point of intersection of lines (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).

m,C, —m,G, C, -G
—— =My | ——— |+(;
m, —m, m, —m,

m,C, —M,G — MyC, — MyGy +CoM, = C,M,
m, —m, m, —m,

m,C, —m,c, —m,C, + m,c, —¢,;m, +c,m, =0

m, (¢, —¢;)+m,(c;—¢,)+my(c,—c,)=0

Question 11:

Find the equation of the lines through the point (3,2) which make an angle of 45 with the line
X—2y=3

Answer 11:

Let the slope of the required line be m, .

The given line can be written as y = % x—g , Which is of the form y =mx+c¢

I . ED.
U
<
I
S|e
L
NB ._§7
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.". 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 I, and I, with slopes m, and m,, then

m, —m,
1+mm,

tan @ =

s.tan4s = M
1+mm,

—2M, g [ 122M
2+m, 2+m,
=1-2m or2+m =-1+2m,
1
=—-orm =3
3 m,

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

X-y=7

I . .
U U U U U i U
- - - -

T I ™ n I 3 I
N H - —
s — 3 g o _|'\_') v Nlll—\

+ 4 ic 3 &

._3 HB ~—r

N——
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Casell:m = _%

. . . . 1.
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 lines are 3x—y =7 and x+3y=9.

Question 12:

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

Answer 12:

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

§+X:1

a a

Or x+y=a

On solving equations 4x+7y—3=0 and 2x—3y+1=0, we obtain x=% and y:%

5. . . . . .
.| —,— | is the point of intersection of the two given lines.
1313
1
Since equation (1) passes through —,i point, 1 +i =a > a= 6
13 13 13 13 13

.. Equation (1) becomes X+ Yy = % ,i.e., 13x+13y =6

Thus, the required equation of the line is 13x+13y =6

Question 13:
Show that the equation of the line passing through the origin and making an angle & with the line
.y mzttanéd
y=MmX+cCis —=———

X _1J7mtan¢9
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Answer 13:

Let the equation of the line passing through the origin be y =m,X.
If this line makes an angle of @ with line y =mx+c, then angle @ is given by
~tang =M
1+mm
Y m
= tan @ = |-X
1+Xm
X
Y m
—tanf=+| X
1+Xm
X
Y Y
= tang = X or tand=—| X
1+Ym 147
X m
Case I:
Y m
tan 9 = X
1+lm
X
:>tan¢9+lmtan0=l—m
X X
:m+tan0:X(1—mtan9)
X
y m+tané
>—=—=
X l-mtanéd
Case I1:
Y m
tan@ =—| X
1+Xm
X
y y

=tanfd+-—mtanfd=—=+m
X X
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:>X(1+mtan0)=m_tan9
X

m-—tan @

:>X:—
X l+mtan@

+
Therefore, the required line is given by y_ mitane
X 1l¥mtand

Question 14:
In what ratio, the line joining (—=1,1) and (5,7) is divided by the line x+y=4 ?
Answer 14:
The equation of the line joining the points (—1,1) and (5,7) is given by
7-1
-1=—-(x+1
y 5+1( )

6
y-1=2 (x+1

X—y+2=0

The equation of the given line is

X+y—-4=0

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

x=landy=3

Let point (1,3) divide the line segment joining (—1,1) and (5,7) in the ratio 1: k.
Accordingly, by section formula,

(L3)= ( k(=1)+1(5) k@) +1(7)j

1+k ' 1+k
= (1,3) = OS5 k+7
1+k 1+Kk
_k+5=1’k+7:3
1+k 1+k
._'—k+5=1
1+k
=-k+5=1+k




Infinit})" ., Sri Chaitanya
Learn Educational Institutions
=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.

Question 15:

Find the distance of the line 4x+7y+5=0 from the point (1,2) along the line 2x—y = 0.
Answer 15:

The given lines are

2x—-y=0

4Xx+7y+5=0

AL, 2) isapointon line (1).

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

On solving equations (1) and (2), we obtain x = I—: and y = %5 .. Coordinates of point B are

Ead

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

2 2
AB = 1+i +2+E units
18 9
23)2 23\ .
= — | +| — units
18 9
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) (3] o
ST G5
(5]
-2 5 i

23 5

=—x— Units
9 2

23\/5 units
18

. . .23 .
Thus, the required distance is units

Question 16:

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 16:

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

=2=—-m+cC

=Cc=m+2

SLYy=mX+m+2

The given line is

X+y=4

On solving the equations, we obtain

2-m
X =

5m+2
andy =
m+1 m+1
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(2 _nI , om +12j is the point of intersection of lines (1) and (2)
m+1 m+

Since this point is at a distance of 3 units from point (—1,2) , according to distance formula,
2 2
2—m+1j L(Bm+2 ) g
m+1 m+1

(2—m+m+1j2 (5m+2—2m—2j2 ,
= + =3
m+1 m+1

9 9m?
= >+ > =9
(m+1)° (m+1)

1+m?

MG
=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.

Question 17

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.

Answer 17

Let ABC be the right angles triangle, where £C =90’
There are infinity many such lines.

Let m be the slope of AC.
1
.". Slope of BC =—
m
Equationof AC: y—-3=m(x-1)

:x—lzi(y—:%)
m

Equation of BC:y—1= —i(X +4)
m

=X+4=—-m(y-1)
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For a given value of m, we can get these equations
For m=0,y-3=0;x+4=0

For m—o0,Xx-1=0;y-1=0

Question 18:

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 18:

The equation of the given lineis 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 A B

Slope of AB = B :

while the slope of line (1) = _é

Since line (1) is perpendicular to A B,

[e=3Ha)

- b-8 1
3a-9
=b-8=3a-9
=3a-b=1
Mid-point of AB =(a7+3b—;8j

The mid-point of line segment A B also satisfy the line (1)

(a+3j+3(b+8j=7
2 2
=a+3+3h+24=14
=a+3b=-13

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

Thus, the image of the given point with respect to the given line is (—1,-4).
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Question 19:

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 19:

The equations of the given lines are

y=3X+1..co.ciiiiiiiee.)
2y =X+3. i (2)
y=mx+4.......c...ee.......(d)

Slope of line (1),m, =3
Slope of line (2),m, =1/2
Slope of line (3), m, =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).

. ml_m3|: mz_m3|
Cleemm,| 1+ m,m,|
3-m 1 1
- == —ml1+ 2]
1+3m| |2 2
3-m| [1-2m|
- =
1+3m m+2|

3-m 1-2m
= ==
1+3m m-+2
3-m 1-2m or 3-m _ (1-2m
1+3m m+2 1+3m m+2

; 3-m 1-2m
1+3m m+2°

(B—m)(m+2) = (1-2m)(1+3m)

| then

=-m’+m+6=1+m-6m?
=5m?+5=0

:(m2+1)=0
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= m=+/—1, which is not real
Hence, this case is not posible.

3-m 1-2m
If =— , then
1+3m m-+2

= @B-m)(m+2)=—-@1-2m)@+3m)
— —m? +m+6=—(1+m—6m2)

=7m*-2m-7=0

o 2E A4

2(7)
e 2+2/1+49
14
+
=m= 1_5\/5

7

1452

Thus, the required value of m is

Question 20:

If sum of the perpendicular distances of a variable point P(x,y) from the lines x+y—-5 =0 and
3x—2y+7=0 isalways 10 . Show that P must move on a line.

Answer 20:

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

d - | X+ y-=5]| and d. = |3x—2y+7|
o JeR (2
) | Xx+y-5]| |3x—2y+7|
ie,d="—"—"andd, =——Z——
1 \/E 2 \/1—3

Itisgiventhat d,+d, =10
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_|x+y—5|+|3x—2y+7|_

V2 Vi3

:>\/1_3|x+y—5|+\/§|3x—2y+7|—10\/%:0

10

— J13(x+y-5)+2(3x—2y +7)—10y26 =0

Assuming (x+y—>5) and (3x—2y+7) are positive
— V13X + /13y — 513 + 3v2x — 242y + 74/2 10426 =0
= (V13 +3v2) + y(V13 - 24/2) + (72 =513 ~104/26) =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.

Question 21:

Find equation of the line which is equidistant from parallel lines 9x+6y—7 =0 and 3x+
2y+6=0

Answer 21:

The equations of the given lines are
9x+6y-7=0...
3X+2y+6=0

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

4 _l9h+6k=7] [9h+6k-7| _|9h+6k-7]

L9246 1T 313
The perpendicular distance of P(h,k) from line (2) is given by

_|3h+2k+6| [3h+2k+6]
©Jer+@? Vi3

Since P(h,k) is equidistant from lines (1) and (2), d, =d,

d

|9h+6k—7| |3h+2k+6]

313 J13
—|9h+6k —7|=3|3h+2k + 6]
—|9h+6k —7|= +3(3h + 2k + 6)
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= 9h+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 9h+ 6k —7 =3(3h+ 2k + 6) = —7 =18
('which is absurd)

-.9h+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.

Question 22:

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 22:
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=0
Let ZCAX =6

-. ZOAB =180"— (0 +2D)=180" — [0 +2(90" - 0)]

=180 -6-180 +20=0
- ZBAX =180" -0

Now, slope of line AC = :;O

<))

:>tan¢9=i
5-a

N

Slope of line AB = —_0
1-a

. 2
= tan (180 —9) -°

1-a

:>—tan6?=i
l-a
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:tanezi

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

3 _ 2
5-a a-1

=3a-3=10-2a

_13
5

=a

Thus, the coordinates of point A are (?Oj

Question 23:
Prove that the product of the lengths of the perpendiculars drawn from the points ( a’—b? ,0) and
(—\/a2 —b® ,O) to the line 5cos9+%sin 0=1isb®.

a

Answer 23:

The equation of the given line is
X .

X coso+Ysino =1

a b

Or, bxcos@+aysind—ab=0

Length of the perpendicular from point ( a’—b’ ,0) to line (1) is

‘bcosé’(\/a2 —b? )+asin 0(0)—ab‘ ‘bcos@\/a2 —b® —ab‘

Jb?cos? @ +a’sin? @ Jb%cos? @ +a2sin? @

Py

Length of the perpendicular from point (—\/a2 —b? ,O) to line (2) is

‘b cosé?(—\/a2 —b? )+asin 6(0) —ab‘ ‘bcoséI\/a2 —b* + ab‘

b2 cos? @ +a?sin 0 Jb?cos? @ +a?sin 0

P,

Multiply the equations p, and p,
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‘bcosé?\/a2 —b? —abH(b cos@+/a?—b? + ab)‘

PP, =

(\/b2 cos® @ +a’sin? 6?)2
((bcosé?\/a2 —b® —ab)(b cos@va’ —b® + ab)l

(b2 cos? @ +a’sin? 49)

(b cosOa? —b? )2 —(ab)?|

(b2 cos? @ +a?sin? 49)

) ‘bz cos’ 6?(a2 —bz)—azbz‘

(b2 cos? 0 +a? sin? 0)

‘azb2 cos? 6 —b* cos? 6 — azbz‘

b? cos? & +a’sin’® 0

b? ‘az cos? @ —b? cos? Q—az‘

b%cos®* @ +a’sin’ 0

a’ cos® 6 —b’ cos® & —a’sin* @ —a’ cos’ 0‘ . ,
_ B [sm 0+ cos 49:1]
b“cos“ @ +a“sin“ 4

b* (b’ cos® 0 +a” sin® 9)‘
"~ b2cos’f+a’sin?6

b (b? cos® 6+a’sin® 0)
- (b cos® 6+a®sin’ 0)
=b?
Hence, proved.
Question 24:
A person standing at the junction (crossing) of two straight paths represented by the equations

(o
N

2X—-3y+4=0 and 3x+4y—5=0 wants to reach the path whose equation is 6Xx—7y+8=0 in
the least time. Find equation of the path that he should follow.

Answer 24:
The equations of the given lines are

2x-3y+4=0
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3x+4y-5=0
6Xx—7y+8=0

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 = —i and y = g .
17 17
Thus, the person is standing at point —i \ 2
17 17

The person can reach path (3) in the least time if he walks along the perpendicular line to (3) from
. 1 22
point | ——,—
17 17
. 6
Slope of the line (3) = 5

Slope of the line perpendicular to line (3) = O 5
7

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

)
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 .



