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Session Objectives

1. Definition of straight line - locus
2. Slope.of a line

3. Angle between two lines
4. Intercepts of a line on the axes
5. Slope, intercept form
6. Point, slope form
7. Two-point form
8. Intercepts form

9. Normal form

10.Parametric or distance form



Locus definition of a straight line

A straight line is the locus of a

point whose coordinates satisfy
a linear equation




Slope - Concept
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Slope

slope +ve < 0 is acute
slope -ve < 0 Is obtuse
60 =0 < slope=20

0= 90" < slope =2

Not infinite. It is not defined.

Slope is usually denoted by
m



Slope in terms of pointsion a line

Yo - ¥y _ difference of ordinates

X, - X;  difference of abcissae



Slope of reflection in either axis
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Slope of a line = m < slope of reflection = -m



Angle between two lines

i z 0
¥ 6 :62 = 61
~.tano =tan(o, - 6;)
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Also tan(n - 0) =- tano-=-







Perpendicularlines

coto =0

mm, =-1



[llustrative example

Let A (6, 4) and B (2, 12) be two
points. Find the slope of a line
perpendicular to AB.

Solution :
12-4
2-6
m; = -2

m-m, = -1
| M

1
.m, = p)



Intercepts onix axis, y axis
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X0l I x Consider a line cutting

v  xintercept the axes in A and B

OA = x-intercept OB = y-intercept



Slope intercept form
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K vy Consider a line making an angle

Consider a point P (X, y) on it
Slope =m=tang= —+ _Y¥=C

y:mX+Co <

0 with the x-axis and an
Intercept c with the y-axis

Coefficient of
y. =1



[llustrative example

Find the equation of a line which
makes an angle of tan-*(3) with
the x-axis and cuts off an
intercept of 4 units with the
negative direction of the y-axis.

Solution :

Slope m = tan 6 = 3, y-intercept c = -4

. the required equation is y = 3x-4.



Locus definition of a straight line

Conditidn 1: A poiht on the Iine IS giveh

Any number
of lines may
pass through

a given
point.

Any number
of lines can

Condition2; Direction of the Iz in &
. | _ certain
line is given ® direction.

S o



Point slope form

Consider a line passing through P
(X;3 ¥;) and having a slope m.

Cons.ider any po.int Q (x, V) lon it.
Y-Y1 |
X - Xl

y -y =mx- x;)

slope m =

BUT ONLY ONE
straight line can pass

through a given point
In a given direction




[llustrative example

Find the equation of the
perpendicular-bisector of the

line segment joining the points A
(-2,:3) and B (6, -5)

Solution :

Slope of AB =

-2-6

Slope of perpendicular = 1

Perpendicular bisector will pass through midpoint of AB
which is (2, -1)

.. the required equation is y+1 = x-2 or y = x-3



Two point form
Consider a line passing through P
(X1, y1) and Q (x,, Y,).

Yo Ya
Xy - Xq

slope m =

Using point slope form,

Y2 - Y1

-V, = X - X
Y- Y1 Xz'X1( 1




[llustrative example

Find the equation of the medians
of the triangle ABC whose
vertices are A (2, 5), B (-4, 9) and
C (-2,-1) through A

Solution :

Let the midpoints of BC, CA-and AB be
D, E and F respectively

By section formula,
D=(3,4),E=(0,2)andF = (-1, 7)
Using two.point form,

AD =y -5 = 43_ 52(X-2)EX-5y+23 =0




Intercepts form

<X >
X0l - K§ah A Sn
v | A Consider a line making
intercepts a and b on the axes.

Consider a point P (x, y) on it.

Area of A OPB + Area of A OPA = Area of A OAB
1 1 1 X Vv

o DX A Lay = abt Legp 25—
2 2 4 2 3 1



[llustrative example

Find the equation of a line which
passes through (22, -6) and is such
that the x-intercept exceeds the V-
intercept by 5.

Solution :
Let the y-intercept = c.

.. the x-intercept = c+5

.. Intercept form of line is given by =

22_§
CF €

As this passes through (22,-6)

22 -9:1
C+5




Solution Cont.

. C%-11c+30=0
s (c-5)(c-6) =0

cev= Harci="6

. the required equation is

Rearranging,

X+2y-10 = 0 ori6x+11y-66 = 0



Normal form

yA XCOSa +YySina =p

¢
DS D >0
QLM P(x,y)
: R
Y
§('O < 7 )L A x>
Y 7

Consider a line meeting the axes at A and B, at a distance
= 0Q from the origin making an angle a with the x-axis.

Consider a point P (x, y) on this line.

Draw PL L OX, LM 1'0Q and PN 1 LM. ZPLN = «a
p=0Q=0M+ MQ = OM + NP = xcos a+ysin a



[llustrative example

The length of the perpendicular from
the origin to a'line is 7 and the line
makes an angle-of 150" with the

positive direction of y-axis. Find the
equation of the line.

Solution :
p=7anda=30

Therefore, the required equationis :
X €cos30° + y sin30° = 7

.'.@+X:7
2 2

SoAN3X + Y- =
J3 14 =0



Distance or parametric form

>
e O X
Y,Y
Consider a line passing through Q (x;, y;) and making an angle

0 with the X'OX.
Consider a point P (x, y) on this line at a distance r from Q.

Y - ¥y

A

_Xl

CoS 0O = ,sing =




Distance or parametric form

X-X1 _¥Y" %

: =TI
COS 0 SIno

Can also be written as

X =Xq +rcoso
Yy =y, +rsino




[llustrative example

The slope of'a straight line through
A (3, 2) is 3/4. Find the coordinates
of the points on-the line that are 5
units away from A.

Solution

The equation of the line is :
X=34+rcosb,y=2+rsind

0 = tan'i(3/4) = sin6 = 3/5, cosO = 4/5.

r=+5,

X = 3x5cos0, y = 255N ? X = 3+4,y = 2+3

The required coordinates are (7, 5) and (-1, -1)



Class Exercise- 1

Trace the straight lines whose
equations are as follows.

N+ 2y + 30
(ii)2x -3y +4 =0



Solution
X+ 2y =-3

X-intercept = -3 i.e. line pass through
(0,-3/2)

y-intercept = -3/2 i.e. line pass through
(-3,0)

\3

=1 > X
N;
L3

X+2y+3=0




Solution
2Xx-3y +4=0
2X - 3y = -4

YA
> +E =1 Intercept form
3




Class Exercise'- 2

Find the. equation df the lines passing
through the following points.
(i) (O, =a) and (b, 0)

a
at,, —
g tz]

(1) and

d
aty, —
1t1




Solution

(HDy-0=

0-(-a)

b-0

y zg(x - b)

ax-by-ab=0

(i) y—ti1

d d

L §

ab, - afy

(x-b)

(x- aty) =2 (x- aty)
G5

tltzy = atz == X+ atl

x+tty=alt+t)



Class Exercise'- 3

Find the equation of the line cutting
off-an intercept of -3 from axis of Y
and inclined at an-angle 6 to
positive X-axis; where tan, 6 = 3/5.

Solution :

Using slope intercept form
y=tanx-3
=3/5x-3

or3x-5y-15=0



Class Exercise - 4

(1) Find the equation of the line which
passes through (1, 2) and the sum of
the .intercepts on axis is 6.

(i)Find the equation of the line through
(3,.2) so that the segment of the line
intercepted between the axis is
bisected at this point.

(ili)The length of the perpendicular
from the origin to a line'is 5 and the
line makes an angle.-of 120° with the
positive direction of Y-axis. Find the
equation of the line.



Solution 4(1)
Let the equation of line in intercept

form be

X Y 3 .

? +B =1, if it passes through (1, 2), then

}4.2: alsoa+b=6

a b
1 2 &

= 1= 6-a+2a=a(6-a)
a 6-a

- 6+a=6a-a% = a’-5+6=0 = (@a-3)(@-2)=0

= a=30r2 Correspondingb=3or4
Hence, equations become



Solution-4(ii)

Let x-intercept and y-intercept of
the line be a and brespectively i.e.
line passes through (a, 0) and (0O, b)

As segment joining (a, 0) and (0, b)
Is bisected by (3, 2)

~a+0 0+b _

=3 and

2

a=06and b =4 Equation of line becomes

X

-+

I N

= =1 or2x + 3y =12



Solution 4¢(iii)
=i
120°

60°

Using normal form

G XCOS o + ySina =p,
60°

>.X

0

the equation of line becomes

X c0os60° + y sin60°

=5 0r §+y£:5

or x+\/§y =10 2 2



Class Exercise - 5

A straight line is drawn through the
point P(3, 2) and is inclined at an
angle of 60° with the positive X-axis.
Find the coordinates of points on it
at a distance of 2 from P.



Solution
Using parameter form of line, i.e.

X o Ve 1

COS0 Sino

X-3 y-2¢
XS W ol MoK g _\/§_2
cos60’ sin60’ 5 —

2

X=13 y-2 =
Tt @]_—2 x=4, y=2+J3 orx=2 y=2-43
2 .

Hence required points are

(4,24 3)and (2:2- 3)



Class Exercise - 6

One diagonal of a square is the
portion of the line 7x + 5y = 35
intercepted by the axis. Obtain the
extremities of the other diagonal.

Solution :

/X + 5y =35 or

ntes o1 |33
5 Coordinates of O |5 5

AC 5%+7° J25+49 74
OB=0D 3 =% 7 a7 2~
(5,0)°




Solution

5 7
X=-— Y- =
Equation of BD = 2 : 2 —t
CosO  sino
where tano = -1 __ -1 _5
Slopeof AC 7-0 7
(0-5)
A S R
L 2:r
CosO sin®
s oA w2

Slope of AC ZGP0E 7
(0-5)




Solution

CoSs©6 :LSinﬂ :i

74 J74

Equation. of diagonal BD:

5 7
K355 PG iy g A St

7 = 5 _iT X==+—, Y==+—
B Lars e > 20 57D
J74+ 74

X:E-Z y:Z_E B E+ZZ+E [E_ZZ_E
U W i A T 0 Y h o S

B (6,6), D(-1, 1)



Class Exercise = 7

If P(1, 2), Q(4, 6), R(a, b)and
S(2, 3) are the vertices of-a parallelogram
PQRS.in order, then

(a)a=5,b=7 (b)a=7,b=5
(c)a=-5,b=7 (da=-7,b=5

Solution :

5.(2,3) R (a,b)

PQ || RS Slope of PQ = Slope of RS

Pitl,2) Q (4,6)



Solution

- 4a-8=3b-9

—

=N

6-2 b-3
4-F va~2
> 4a-3b+1=0 ...(i)

PS || QR Slope of PS = Slope of QR

HeH e

—

3-2 b-6
2=1_ a%%
Solving (i) and (ii), we get

a=5b=7



Class Exercise - 8

Find the equations of the lines which
passes through the origin-and trisect
the portion of the straight line 3X
+ y = 12 whichis intercepted between
the axes of coordinates.

Solution :
Let P be the point dividing ABin2: 1,

4+2.0 1.0+ 2.12)
3 3

59




Solution

And Q be the point dividing AB In
the ratio 1 : 2, then

(1.0+24 112+ 2.0]

8
S O [_4]

31

Equation of OP =y :% X ="y =6X

3

Equation of OQ =y =— x= yzgx

w| oo &~



Class Exercise.- 9

Prove that the points (2, -1), (0, 2),

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

Solution ;
(2,-1)

- Q (0,2)
S
@0) R (2,3)
2-(-1 3
Slope of PQ = ( ):3:3

Or2.. =2 2



Solution

0-3 -3
Slope of RS = -7 5
0-(-D 1
Slope of PS = a5 5
3-2 1
S|Ope of QR = r—z

As slope of PQ = Slope of RS and
Slope of PS = Slope of QR

PQRS is a parallelogram



Class Exercise - 10

(1) Find the equation of line passing
through the point (-4, -3) and
perpendicular to the straight ‘line
joining (1, 3) and (2, 7).

(1) Find the equation to.the'straight
line drawn at right angle to the
straight line  x/a.-y/b = 1 through the
point where it meets the axis of x.



Solution - 10(1)
Slope of the required line is

=% 254
[7-3 4
2-1

Equation of required line by point slope
form-is given by

(y- (-3) =5 (x-(-4)
y+3:—741(x+4) by +12 = x - 4

X+4y +16 =0



Solution - 10(H)

X_ Y _

a b

meets X-axis at (a, 0) any line
perpendicular to

L 4 =1'is given by

+X:C
a b a

O | X

d
it passes through (a, 0) then P +0 =cC



Class Exercise - 11

Show that the equations to the
straight lines passing through the
points (3, —\2f) and inclined at 60° to
theline = V3x+y =1 _
arey+2=0and Y- J3x+#2+3J3 =0



Solution

Let the slope of the required
line is m, then

m- (-+/3)

) —tan60° =3

m++/3]| . = m++/3 >
1-/3m A3 T - \Bm__\é

m++/3 =v3 = 3morm++/3 =-+/3 +3m

— m=0 or /3 Equation of lines are given by

y+2:0 or y+2:\/§ = y+2=0or y—\/§x+2+3\/§ =0
X-3 X-3



Class Exercise«- 12

Line L'has intercepts a and b on the
coordinate axes. When the axes are
rotated through a given angle; keeping
the origin fixed, the same line has
Intercepts p and g, then

(a)-a® +b* =p*+q° (b)) F* 77 5

(8 v’ =bAF Q¥ (Yo v =



Solution - Method |
Equation of line in old reference is

XY

N

a b

If the axis of coordinates is
rotated at an angle a

X =X cosa - Ysina 'y =X sina + Y Cosa

X cosa-Y sina ) Xsina +Y cosa
a b

COS o 3 sina
a b

=1

coso  Sino,

b a
XX (i)

In new frame equation is TH =1

X +Y =T .7 %)




Solution Cont.

x| Cosa  sina) (cCosa sinal _. ()
a b b a

§+i:1.00

P q

As (i) and (ii) represent same line

coso Siha 1 cosa Sha 1
+ == and - ==
a o) o b a q

Squaring and adding, we get
e S iy .1

a2+b2 :p2+q2




Solution Method H

-1 ...(i)

=+

o< Tl

=1 ...(ii)

+

T|X o]

Now both equation represents the
same line with different axes

Hence distance of origin from both lines is same
1 1




Class Exercise - 13

Equations

(b-c)x+(c-a)y+(a@a-b)=0
and (0% - &3 )x+(c2- 3% )y+a* =1 =0
will represent the same line if

) b=<¢C (b) c = a
J)a+b+c=0 (d)-All of these



Solution

b-cC St a-b :l(say)
Bo = L 3 a>=h” K

b3 = c3 =k(b-10)

= (b-c)(b? +c2 +bc)=k(b-c)

Similarly, c = a or c’+a’+ca=k

anda =bor aZ+b%+ab=k
b +c? +bc =c? +a% +k b? - a2 =c(a-b)
(b-a)b+a+c)=0 = b=aora+b+c=0

Hence either a=borb=corc=aora+b+c=0



Class Exercise - 14

A rectangle PQRS has its side PQ
parallel to the'line y = mx and
vertices P, Q and S on the lines y
= a,X = b and'x = -b, respectively.
Find the locus of the vertex.R. -



Solution

(-b,s) gh=

As PQRS is a rectangle Diagonals
bisect each other I.e.

h+p k+a
2 12

= p=-h,q+s=k+a

a-(
Slope of PQ = =m
P Q adh




Solution

p=-h,g+s=k+a

Slope of PQ =2- 9 -
p-Db
> g=a+m(h+b) as p =-h
Slope of PS =2°> __ 4
p+Db m

:>S:a+l(b- h)

m
As g+ s =k + awe get
a+m(h+b)+a+%(b— h) =k +a

(m2 - 1)h- mk+(m2 +1)b+ma =0

Hence locus is (m2 — 1)x— my + am-+ (m2 + 1)b =0



Class Exercise 15

Find equations of the sides of the
triangle having (3, -1) as a vertex, X
-4y +10=0and 6x + 10y -59 =0
being the equations of an angle
bisector and a median respectively
drawn from different vertices.



Solution A (3,-1)

6% + 10y -59=0

B
(X1,Y1) (X5,Y5)

(X;,y;) lieson x -4y + 10 = 0

X; - 4y; +10=0 (i)

X1+3 yl_].
2 %

+.3(x; +3)+5(y; - D-59 =0

Also

lies on 6x + 10y - 59 =0



Solution
Xp - 4y; +10 =0 . ...(i)
3x;+5y; - 55 =0 --(il)
Solving (i) and (ii), we get
17y; =85=0 = y; =5, %x.=10
Now (X,,¥,) lies on 6x + 10y - 59 =0
6%, + 10y, - 59.=0 ... (1)
tan ZCBE =tanZEBA

y2=2 1 1 6

W% r 1054 4 T
1+} Y2 -2 1+}.§
4| x, - 10 4.7




Solution

4y, - 20-x,+10 7-24 -17 -1
4x, -40+y, -5 28+6 34 2

= 8y, - 2X; =20 =-4%x, -y, +45

—

6x, +10y, - 59 =0 .. (iii)
2%5 +9y5, =65 (V)

Solving (iii) and (iv), we get X5 :'7, Y, =8

Hence using two point form equations of
AB, BC and CA respectively are

o6x - 7y = 25, 2x.+ 9y = 65, 18x + 13y. = 41



Thank you -
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