
Math-201

Straight Lines

1. Shifting origin (L, B)

x = x+x/

y
=B +y

2. Rotating axis (0)

x = x'cosO-y's in O

y
= y 'cosO + xsinD

inverse : x = xcosO + ysinD

y = ycosO- Using

3. origin shift and axis rotation

x = x+ xcoso-ysinO

y
=1 + y cost + xsinO

4. second degree homogenous equation
Represents a pain of straight line

ar+ 2hxy+ by=0 [1]

divide the equation by be



> The roots of the equation are

m , and M2 ; mi +me = -Pla , mimz= Ca

> replace the roots and obtain

y
=mix and y = Mzx

5

5 Pair of straight lines perpendicular to the
lines represented by equation arF2hxy +by= 0

> equation of straight lines are

y = mix and
y

=Mer

-> lines perpendicular to the lines are

y = -m and y = -m

-> (+ m , y)(x+mzy) = 0

-> replace the values of m,tme and

m ,M2

6. Remove first degree terms from an

equation

-> convert the equation into summation

of perfect squares. (2+x) + (y+B)= 0

->Assume (x+x) =x and (y +B) = y



7 shift the origin to Ed-B) to
remove first degree terms .

7. The equation of bisector of angles
between the lines represented by
ax"+2hxy +by= 0

-> Straight lines are y-mix = 0 and

y -m2x = 0

-> equation of bisector of angle between
two lines an +by +e ,

= 0 and azk+ bay
+2 = 0 is

a ,x+b , y +c acx+bzy +d
= I

ai +bir a+bet

> That is y -m ,
x

= I y-Mex

1 +mir 1+Mar

x y
=

-> lastly ,
a- b y



8. By transforming the origin to (h , k)

the equation can be reduced to one only

containing the terms of 2nd degree ·

12x 10xy+2y+ 11x - 5y +2
= 0

-> Since origin is shifting ,

x = x +h ; y = y+ k

replace the values of x and y
in the

equation.

> Expanding the terms,
the coefficients

ofs'and y and the constant term is
considered 0

.

> solving the equations obtained from

considering the coefficients ofn'andy'
equals to zero,

we get the value of h

and K and hence the transformed origin .



9. Find the condition that the general equa
tion of second degree may represent a

Straight line .

2nd degree general equation-

ar+2hxy +by+2gx+2fy +c = 0

> shift the origin to (X,B) .

-> replace the values x = x'+2 and y =y+B
in equation and expand.

-> The equation must be homogenous to x
'

and y .
Therefore the coefficients of Ry'

and the constant term must be zero .

> We get 2 equations from coefficients of

x'andy' and the third equation will be
obtained using the constant term by
simplifying it

-> When we get three equations ,
the detett-

minant of the coefficients must be equal to

zero to find the condition .

A h
= nb I = 0

gfa



10 . Show that the equation ar+2hxy+byr
+2gx+ 2 fy +c = 0 represents two parallel
lines if a : h = hib = g : f . Also show

that the perpendicular distance between
two lines is 2 grac

a(a+b)

& start with the condition of parallel
lines ab = hr

>
= a

e

3 = O

g f &

The ratio will be solved through this

-> assume the parallel lines are

ex+my+n
= 0 and ex+my +n ,

= 0

· an+2hxy +by+2gx + 2fy + c =

(ex+my+n)(ex+my +n)

expand and equate .

> Use the formula to find the perpendicular
distance between twoparallel lines

n, -4

distance = H ,
-n = (n ,

+n) Gun ,

e+mr



-> replace the values of terms containing
Sm ,
handn , into a, b , c, h , g , fanda .

11. If the pair of straight line =zaxy -y= 0

and =

2bxy -y = O be such that each pair
bisects the angle between the other pair,

prove that ab = -1

-> take equation(i)
-> take equation of bisectors of angles

yr
=

RY

1 - (- 1) - A

2
or,

yr
= -

a (III)
xy

> rearrange equation (ii) in a form

y =
-b (IV)

-> comparing DID and (1), ab--1



12. Prove that the straight lines represented by
an+2hxy +by+2gx+2fy + D =0 will be equidis-
tant from origin if fl-g4 = <(bfr-ag)

-> the lines are lx+my +u = 0 and

l
, x+m

, y +n
= 0

> distance of the lines from origin
N 21

=

ev+mr e,+my

expand up to

Giltme ,) etul unnilli
=> (intern ,) (intmayummin ,

(1)

> an+2hxy +by+2gx +2 fy +c =

(lx+mytn)(fx +m,y+n ,)

expand and equate the coefficients of

xY yo by ,
u

, y and constant.

-> put it in the equation (1)



Math-201

Conics

1

. becond degree general equation

ar+2nxy+by+2gx + 2 fy +c
=0

In case of conies
,

ab-h= 0 > parabola
ab -h >0 < ellipse
ab-ho -> hyperbola

2. Removingby term
When there is aby term in the

equation of a conic
,
the axis of the conic

is rotated at O angle with respect to the

coordinate system .

0 = Etan
2h

a- b

-> x = x'coso-ysinG

y = y'coso + rsinO

replacing and simplifying , the equation

gets free from Ry tercul .



3. Find the equation of conicreferred to
center as origin

F = ar+ 2hny +by+2gx + 2 fy+c = 0
(1)

& = 2ax +2hy + 2g = 0

i. e. an + hy +g = 0 (11)

2F
=
2hx + 2by +2f = 0

Ty
i.e. hx + by + f = 0

2111]
-> solving the two equations we get

(2, Y , ]

-> the constant term when the center of the

conic is at origin is

C = gx , + fy ,
+C

-> the required equation is

an+2hxy +by+ c = 0



Math-201

Circle

1. Common chord

S = x+y+ 2g ,
x + 2 f

, y +c = 0

Sz = x y+2g2x + 2 fzy +C
= 0

equation of common chord is

Si - S2 = 0

2. Angle between two circles

O

-

ri
·

dre
* &

I I

d
C2

Cl

+ r= dr
COSO =

2r
, r2



3. Orthogonal Cincle

- when angle between two citicles is

90 %

i .e . cosgo =
ri+re-d
24

, u2

or, u+R = dr (1)

For circles ,

5) = x+y+2g ,x + 2 f , y +c = 0

and Se = (+y+292x + 2 fzy + 2
= 0

↑ = gitfie ; E = getfee2

and d = (91 +92) + (- f ,
+ fz)v

Putting the value in equation (1)
and further simplifying, we get

291 92+ 2 fifz = C ,
+C2

which is the condition for orthogonality
of two circles .



4. Radical Axis

- locus of a point which moves so that
the tangent drawn from that point to
two given circles are equal and it is a

straight line perpendicular to the line
which joins the centers of the two circles.

P
A B

*

*

O
*

Pl ·
,

Q

PA = PB and PPTOO

: PQ is the radical axis for the

two circles
.

For two circles
,

5) = x* y+ 2g ,n+ 2 f, y + c)
= 0

32 = x+y+2g2x +2f zy +C = 0

Radical axis is 3
, -Sc = 0



5. Radical Center

The point of concurrence of the radical

axes of each pair of circles whose centers

are not co-linear is called radical center

P
&

6. Find equation of circle whose center lies
on the radical axis of circles S , and Sc .

5 + X(S ,
-S2) = 0

7. Pole and Polar

A
A Q

Here
,Dis the

pole and QQ'is

D . the polar
B Q

B



> equation of polar of the circle Fy= rir

having pole P(R, Y 1) is

xx
,
+ yy ,

= vir

> equation of polar of the circle
x+y+ 2gx+2 fy+c = 0 having pole P(x , (1)
is
xx , +yy ,

+2g((z) +2f(y+y1)+c = 0

Properties :

~ If polar of a point P with respect to the
circle passes through point Q,

the polar

of point Q will pass through point P .

polar
of

- Pand Q are called
a(x2

:
42)
- Q

conjugate points and
&

· P(xiYD)
↳. and Le are called polar

of
conjugate lines. P

L L2

- Line joining the pole and center of the
circle will be perpendicular to the polar



8. coaxial circles

A system of circles where every pair
of circle has the same radical axis is

called the coaxial system .

9. Limiting points

Limiting points are the center of the

point circle belonging to the family.

Finding limiting points :

-> At first find the equation of radical

axis. S1-S2 =0

> Si + X(S , -Se) = O
, find out the

coefficients of x and y and the constant

term
.

> find center of the circle and radius . r .

< r = 0
,
find value of X from it's

quadratic equation. X = a,
b

> put the value of X in the center
coordinates to find the two limiting
points of the coaxial system .



10. Finding pole from equation of citicle
and polar

-> From equation of citicle, find equation
of polar. But the equation of polar is

given .

->Compare between the coefficients of

22 y and constant to find out the co-or

dinates of the pole P(R , s Y1)



Math-201

Solid Geometry
1 Direction cosine

If a like of makes angle d, p and 2

with the positive direction of X , Y and , axes

respectively , then cosh, cost and cost are

the direction cosines of the line of which

are generally denoted by the letters I.m
andn respectively .

em+u = 1

2. Direction Ratios

Any three numbers which are proportional
to the direction cosines of a line are called

direction ratios of the line .

axl bam can

a Kl b = km c = kn

i.e= = aFbdr

etmri

& D
: 1 =

abier
; m =

a+5+e

C
n =

a+b +er



- Direction ratios are component of

VectoB .

- Parallel lines have same set of direction

cosines

3. Angle between two lines
T

#= a, + bij +ei

# = azi + bzj + 22

. a az+bibe +dice

COSO =
=

II . Iv biter atbe

4. Relation between Projection and Direction

cosine

Y Q (M2 , Y272)
X B

PQ =
K2-x,

=
Y2 - Y1

T
z2 - Z , uj)a

l M M

P(x ,, Y1 ,
z

,)

> X

E



5. Equation of Lines in 3D

Y
standard equation X P(x ,y ,z)

of a vector line Po(RocYoiZo 7 *

direction
is

*

1
it -

Vector
- M

- = + it To <V(a,
b

,c)
X X

x = No +at L

Z

y = yo +bt PP = <X-Ro , y - You
z = zo +et Z-ZoY

: ( , y ,z) = (20 +at
, yo+ bt , zo +ct)

#No = = = +

The symmetric equation of a rector is

x - No
=> Y-Y0 =l

where 1
,m and n are the direction

cosines of the the rector
.



6. ThePlane

A plane is a surface such that if any
two points are taken on it

,
the straight

line joining them lies wholly on the sur-

face i .e every point on the line joining
the two points will be on the plane .

↑
= (a, b,c)

PoCoYoZo) . & P (x, y ,z)

PP = (1-10 + y -Yos Z-zoY

Pop . n = 0

or, ax + by +cz
+ ano

- by - 27
.

= 0

d
i . C .

ax + by +cz + d = 0

which is the equation of

a plane .

- parallel planes have same normal

vector. i. e . the coefficients of a, y and

z are identical
.



7. Equation of plane when two points
on the plane and and any plane

perpendicular to it is given .

Let the points are P(x ,, Y ,,
z

, ) and

Q (Me c Y 21z2)

·. Q = <Er , Yey , zzz , >

and the equation of plane perpendicular
to the required plane is

ax+ by +cz + d = 0

: normal vectors , 4,7 (a ,
b

,
c)

Since the planes are perpendicular, the

normal vector u ,
is coplanar with required

Plane .

:
. normal vector to the required plane
ijk

x =

R2-1 , Y2- Y / ze - z
/

A b &

=>
a

-
b'

, n')



:The equation of the plane having normal
vector <a , bic'> and passing through the

point P(R, y1,
2 , ) is

a (x-x , )+ b'(y - y 1) +c(z - z )) = 0

8. Angle between two planes

a ,x
+ b , y +c ,

z +d = 0

a2x + bzy +cz +d = 0

7
b222

1 Lazs
↑ xn <a,

b ,, eitH2 O
-

plane-2
&

Blane-1

um
COSO =

ri frie
a , az+ b , bz+ac

i. e. 0 = cos
Cai+b+cy)(a2+b+c)



9.Plane in intercept form

Y
N

(0 , 9 c 0)
ax+ by +cz + d = 0

(1)

(0, 0, m) > X

(P, 0
, 0)

L

Z

Plotting points p, gandr in equation (1) ,

ap = -d ba = - d cr = - d
-

or
,
a = d/p or, b =

- dq or
, c =

-&/p

which implies ,

-x-ty- z + d = 0

i . e. + + = 0

10. Perpendicular distance of a point from a

plane
point , P(x ,, y , ,

z ,)

plane -> an+by +dz+d = 0

ax , +by ,
+cz,+d

distance =

a+ br+dr



11 . Coplanar line

If two lines passes through points (, y,2)
and (x2 , 42 , z2) Respectively and their direction

cosines are (1,mi ,hi) and (12 ,M2,nz) respec-

tirely ,
then the lines are coplanar if

H2-x , Y2- Y, z2- z ,

l m
, Ni = O

22 M2 N2

12. Distance from a point (2, y ,2) to a

point where a line P=
meets the plane

ax +by + cz+ d = 0

x- P

l => k

or, (x , y , z) = (kl+p , km +q .
kn + r)

Since intersects the plane ,

a (kl+p) + b(km+q) +c(kn + 1) +d = 0

simplifying ,
k =

· point of intersection found and distance
measured.



13. Shortest Distance

Straight line which is the perpendicular to

two non-intersecting lines is called the line
of shortest distance

.

# Shortest distance between lines
x-21

= y
- y1

2, mi

=
z -z , and x

-22
= y -Y2

=
z - z2

·
Ul 12 M2 n2

Let
or

, ( , y , z) = (1 ,
r

,
+

> Miri + y,Y +zi)
(1)

again ,
2

= y-32
-

z - z2
= 12

M2 n2

or
, (x, y , z) = (122 +x2 , marz +y2 , narz +22)

(1)
Let the direction cosine of the line of short-

test distance is (1, m, n)

: ( ,min) = (12-liv, +He
-2, mer-mir,

+yz-Yi

n21 - n ,
r

,
+ z2 -z))

> line of shortest distance is at right

angle with both the lines
.

: l , 1+ m ,m + n ,n
= 0 <p =

el + mem + nzn = 0 > r =



: The points on the two lines are determined .

Now use the formula of distance to find

the shortest distance
.

distance = (2-11+ (yz -yi) +22 -zi)
~

14 . Equation of line of shortest distance

Find the direction cosine of the line

of shortest distance by putting the values
of r

,
and r2

&min) = (12-lir, +He 2, mer-mir,
+yz-Yi

n21 - n ,
r

,
+ z2 -z))

The line passes through one of the

two points obtained. (x, Y 1. zi)

: Equation of the line of shortest
distance is

x - R ,
-
y - y1 =

z - 7 ,

l m n


