STRAIGHT LINE -2
NORMAL FORM

Let aline be at adistance of p unitsfromthe originand 0 (0<a< 3600) be the angle

made by the normal to the line with positive direction of
X - axis. Then the equation of thelineisx cos +ysna =p.

SYMMETRIC FORM
The equation of the line passing through (X1, y1) and having inclination &

_ _ em[o,if}] (f,n)
isX Xlzy_ Y1 where 2/ \2 ),
cosd siné@

NOTE:

A first degree equation in x and y represents a straight line.

The equation ax + by+ ¢ = O is called the General Form Of The Equation Of A Line.
Note: The slope of thelineax + by + c = 0is—alb.

Theorem

ﬂ-l _ h
Two lines axx+byy+c;=0 and apx+byy+c,=0 are paralel iff aby=ab; jo 22 b2

Theorem

Two equations alx+b;y+c;=0 and apXx+byy+c,=0 represent the same line iff

Two lines ayx+byy+c;=0 and apx+byy+c,=0 are perpendicular if aa, +bb, =0



Reduction of the equation ax + by + ¢ = 0 of a straight lineinto various forms.
1. SLOPE INTERCEPT FORM

Equation of thelineisax + by +c=0
by=—ax-c = y:—Ex—E
b b

Thisequation is of the form y=nmx+K .k is constant.

2. INTERCEPTSFORM

Equation of thelineisax + by +c=0

ax +by=-c
3%+ﬂ—1:> X _+_Y =1 Whichisof theform X+ =
-c —C —c/a —/b A B
Here x - intercept = -~ y - mtercept:_%
3.NORMAL FORM
Case (i) Letc=>0
The equation of thelineisax + by +c=0

a b -C

ax+by=-c(-c20) = X+ y=
JaZ+b?  Na2+b? a2 +h?

. a . b
X cosd +ysind =p, where cosd = —,sind = —— and

Ja?+p?’ Jva? +b?

___©¢
p_\/a2+b2

Case(ii) Letc>0.
Thenax+by +c=0
ax+by=-c

(-ax + (-h)y=c

>0

-a -b c
= X+ =
[ [a2+b2] { [aZ +b2}y [aZ +b2

, SN0 = —— and p=

: C
X cosO +ysind = p, wherecosa = N
\/ Va? Va2 +b?



o

Note: The perpendicular distance from origintothelineax +by + c=0is

/az +b2 )
The area of the triangle formed by the line X4 % =1 with the cooridnate axes
a
isZ|ab| .
2

PARAMETRIC FORM

If P(x, y) isany point on the line passing through A(x1, y1) and having inclinationg ,

then
X=X1+rcosd,y=yq+rsing where|r|isthedistancefromA toP. (risareal

parameter)

EXERCISE — 3(B)

1. Findthesum of the squar e of the inter cepts of the line 4x — 3y = 12 on the axes
of co-ordinates.
Sol. Givenlineis4x —3y =12

jﬁ—ﬂ :1:>£+l =1

12 12 3 4
Interceptsarea= 3, b=-4 = Sum of the squares = a®+b?=9+16=25
2. If theportion of a straight lineinter cepted between the axes of co-ordinatesis
bisected at (2p, 2q), write the equation of the straight line.
Sol. Let a, b be the intercepts of the line and AB be the line segment between the axes.
Then points A =(a, 0) and B = (0, b)

Equation of the line in theintercept formis X +% = --(1)
a
s
B
0,4
- (0.1
b M (dp, 25
] a \\ ?i

Al



3.

Sol.

4.

Sol.

5.

Sol.

Mid -point of AB is M:(g,gj =(2p,2q) given

:g:Zp,g:Zq:a=4p,b:4q

Substitutingin (1), S +X=1=2X+Y=4

4p 4q P q
If thelinear equationax +by +c=0
(& b,cz0)andIx+ my+n=0represent thesamelineand r =
thevalueof r in termsof m and b.
The equationsax + by + c=0and

. : l _m
IX + my + n= 0 are representing the&amellne:—:gz— =r=—=r
a

Find the angle made by the straight line y = -3 x + 3 with the positive X-axis
measured in the counter clock-wise direction.

Equation of thegiven lineis y = ~J3x +3
let o betheinclination of theline.

Then tana = —\/Z—%:tan%n:a:%n

Theintercepts of a straight line on the axes of co-ordinatesare aand b.If Pis
thelength of the perpendicular drawn from the origin to thisline. Writethe
valueof Pintermsof a and b.

Equation of the linein the intercept formis

i-}-l—l =0

a b
LY

P A

>
a X

P = length of the perpendicular from origin



_|0+0-1]

1.1
a® b’
it
p Va® b?
Square on both sides
:>i:i+i:ﬂ :>p2:ﬁ:>p:ﬂ
P 2 B alb? a2 + b2 m

1. Inwhat follows, P denotesthe distance of the straight line from the origin and
a isthe angle made by the normal ray drawn from the origin to the straight

linewith OX measured in the anti-clock wise sense. Find the equations of the
straight lineswith the following valuesof P and a .

i) p=5, a=60° i) p=6,a =150° iii) p=1a=—

iv) p=4, a=90° iv) p=0,a=0 V) p=242, :%ﬂ
Sol. Equation of thelinein the normal formis xcosa+ysina=p
i) given p=5, a=60°
1 . . 3
cosa = cosGOO:Eand sina :sm60°:\/;

Equation of thelineis xcosa +ysina=p

V3
2
ii) ans: «/§X+y+12:0

:x%+y 5:>x+\/§y:10

T
=4, a=—
i) p 2

cosa = cos$15°:iand sna=9n315° = -

V2
Equation of thelineis x.i—y.i =1
2
x—y:\@:x—y—\/ =0
iv) P=4, a=90°
cosa = cos90°= Oandsina = sin90°=1
Equation of thelineis xcosa+ysina=p= x.0+y.1=4 = x=4

Nl



Sol.

Sol.

V) ans. x=0
vi) ans. x+y+4=0

Find the equation of the straight linein the symmetric form, given the slope
and a point on thelinein each part of the question.

i) /3,223 i) —%,(-2,0) iy -1, (1, 1)

slopem=tana = /3= 0 = 60°=> cosa = cos60°=> sina = sin60°

Equation of the linein the symmetric formis X7X YW oy o x=2_y-3
cosa  sina sl sn T
3 3
||) (Xl,yl):(_Z,O)
1
tana = —— = a =180°-30°=150°
NE
Equation of the line in the symmetric formis
x—xlzy‘—ylzr N x—12T:y—?T N X+2 _ | y
cosa  sina cos™®  sin cos150° sin150°
3 3
iy ansg X = Y1
3 (3@
A3 (%
Transform the following equation into a) Slope-intercept form
b) Intercept from and ¢) Normal form
) 3x+4y=5 ii) 4x-3y+12=0 iii) V3x+y=4 ivV) X+y+2=0

V) Xx+y—-2=0 vi) «/§x+y+10:0
i) equation of thelineis3x +4y =5
1.Slope-intercept form

4y =-3x+5= y= (—éjx +(§J) which is of the form y =mx+c.

4

2. Intercept form : 3x+4y=5

FH W os5 X LY 1 whichisof theform 5+% =
a

© G
3 4
3.Normal form: 3x + 4y =5

Dividing with v3% +4? =/9+16 =5



§x+ﬂy:1:>let cosong,sjna:il and p=1
5 5 5

Then the above eg. reducesto xcosa +ysina =p

4 X |y (_—4]x+(§jy _L2
i) ans: y=| = |[x+4, —+Z= -
) y (3} 34 5 5 5

o X y _ T (T
i) y= \/§x+4,(Tj+z—1,xcos(6j+ysm(6j—32
V3
iv) X+y+2=0
1. Slope-intercept form :
X+y+2=0
=y =-x—2=(-1) x +(-2) whichisof theformy =mx+c.
Intercept form :
X+ty+2=0=>x-y=2
y

Y =1 = — X + -2 =1whichisof the form §+X:
2 -2 2 a b

X
S
2

3.Normal form: x+y+2=0=-Xx-y=2
Dividing with +1+1 =+/2
1 1 5m
= - X+ - \/_:>XCOS— Sn :\/5
[ﬁ][ij MVU

Which is of theform x cosa + ysina = p

V) y=-X+2, §+X:1 xcos( j ( J
2 2 4
vi) y = —/3x -10, X +%:1, X C0S3P+ysn3P =5

&
V3
4. |If theproduct of theinter cepts made by the straight line

L1 . . . .
X tana + yseca = 1(0scx <§j, on the co-ordinate axesis equal to sina,finda.

Sol. Equation of thelineisx tan a+yseca=1

+ Y
cota  cosa
Given product of intercepts =sina

= =1— a=cota,b=cosa



Sol.

Sol.

= cota.cosa = sina

2
cos a
— 2 2

g =sna = cos“a=sn“a
sina

— tana =1=> tano —+1=> o = 45°

If the sum of thereciprocals of theintercept made by a variable straight line
on the axes of co-ordinatesis a constant then prove that the line always passes
through a fixed point.

Equation of thelinein the intercept form is X +% =1 --(1)
a

Sum of the reciprocals of the intercepts
i, [
1+1:k:>i+i:k:>L+ k =1
a b ak bk a b
Comparing this equation with (1),

k k

LineL hasinterceptsaand b on the axes of co-ordinates. When the axesare
rotated through a given angle, keeping the origin fixed, the sameline L has

The line (1) passes through the fixed point (llj

intercepts p and g on the transfor med axes. Provethati2+b—l2 =i2 +i2.
a P~ q
. o o Xy X Yy .
Equation of the linein the old system in intercept form is _+E_1:>_+E_1_O
a a
, .. _|0+0-1]
Length of the perpendicular form origin = —1 --(1)
R R
a® b’
Equation of the linein the new systemin intercept form
is£+1:1:>§+1—1:0
P q P q
Length of the perpendicular form origin = |O+—O_il
I T
p* o
iy
T m,b
Q ™ F
K
o a & :
)



Since the position of the origin and the given line remain unchanged ,perpendicular
distances in both the systems are same.

4 .4 1 1
1.1 [1.1 [1 1j 1.1
4+ = S —+— i Sl
Jaz b? Jpz ¢ \&@ b (P ¢

7.  Transform the equation 5+% =1 into thenormal form whena>0and b > 0.

a

1,111
&

PP

If the perpendicular distance of the straight lineform theorigin isp, deduce that
1 1 1
S —
pz a2 p2

. XY
Sal. Equatlonofthellne|5—+E-1

a

= bx +ay =ab

Dividing with v/a2 + b?
b a ab
X+ y= ----(1)
Ja2+02  Ja2+b?  a? +b2

b : a &
, = adp=———
TR e R N K

X cosa +ysina = p whichisnormal form

Let coso=

Now eqg. (1) reducesto

. . . o ,  ab?
The perpendicular distance from O to thelineis p= >
a2 +b? a“+b
2., 12 2 2
:>i2:a2+2 = 22+ 22:i+i D—12= _12.|.- iz
p° a’b® a’b® a’h® b? a®? p® a b

1. 1. A straight line passing through A(-2, 1) makes an angle 30° with OX in the
positive direction. Find the points on the straight line whose distanceform A is
4 units.

Sol. Let (X1y1)=(-21) ,r=4and a=30°
Co-ordinates of any point on the given line are

3 . . 1
. = o—_* — = o0—=_
(X, £rcosa,y; £ rsina) cosa = cos30 ,sina=sin30

Require points are



Sol.

Sol.

Sol.

[—2 +4.§,1+4%] :( 2 +2\@,3) And

(—2 +4.§,1—4%J =(2-2/31)

Find the pointson theline 3x —4y — 1 = 0 which are at a distance of 5 units
form the point (3, 2).

Equation of thelineis3x —4y —1=0 = dopeof thelineistand =%

= sind = 3/5 and cosh =4/5

Given Pointis(3,2) =(X,y;) andr=5.

Co-ordinates of any point on the given line are (X +rcos6,y; xrsin6)

Co-ordinates of the points are (3+ S.g 2 +5.gj =(7,5) And

4 3\ _, 4 .
(3_55,2_5§j—( l, 1)

A straight linewhose inclination with the positive direction of the X —axis

measured in the anti clock wise senseis 11/ 3 makes positive inter cept on the

Y —axis. If the straight lineisat a distance of 4 form theorigin, find its

equation.

Leta=m/3,P =4

Slopem = tana = tan60°=+/3

Equation of the line in the slope — intercept

formis y:@x +c:>\/§x—y+c:0

Distance from the origin=4

|0-0+c| _4
J3+1

Givenc>0 e 8

Equation of the line v/3x -y +8 =0

A straight lineL isdrawn through the point A(2, 1) such that its point of

=>|c|F4%x2=8=c=18

intersection with the straight linex + y = 9isat a distance of 3v/2 form A.
Find the angle which theline L makeswith the positive direction of the X —
axis.

Suppose a isthe angle made by L with the positive X — axis

Given point (2,1) =(xy y1) andr =3+/2
Any point onthelineis (x;+rcos,y; +sin6) = (2+3\/§COSB +3J2sin 0
Thisisapoint onthelinex +y =9



— 2+3J2cosa+1+3/2sina =9

— 3J2(cosa +sina) = 6:>i.cosa +isin0( = 1= cosa.cos45°+sina.sin45°=1

J2 J2
= cos(0 — 45°) = cos0°= a—45°=0= a = 45°= I

5. A dtraight line L with negative slope passes through the point (8, 2) and cuts
positive co-ordinates axes at the points P and Q. Find the minimum value of
OP + 0OQ asL varies, when O istheorigin.

Sol. Let —m be the slope of the line where m>0.
Equation of the line passing through A (8, 2)
With negative Slope ‘-m'’ is

y—2=—m(x—8)
=>mx+y—-(2+8m) =0= mx+y =2+8m
y _ X y _
= X+ =l=> + =1
2+8m  2+8m 2+8m  2+8m

m

OP =X Intercept = 2+8m
m

OQ=Y-Intercept =2 + 8m

2
OP+0Q = 8m~ +10m+2

=8m +3 +10 210 +2, /8m.3 210 +2.4 =18
m m

Therefore the minimum valueis 18.



