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Problems S
3
The number of points on x-axis which are at a distance ¢{c < 3))from the point (2, 3) is
@ (A) 2 (B) 1 (C) infinite (D) no point
/ xX-e0S A [ x,,0) c<3 \
2
C<9
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r———@,-;)a T e £-9<0
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Concepts

DISTANCE FORMULA:

The distance between the pomnts A(x,.y,) and B(x,.y,) 1s \.’(Xl -X, )%+ (¥,-Y, )2




o bl = SAFALTA cow

e Vo é — An Initiative by ISR 35T
SECTION FORMULA pr P __B, O AR N2

The co-ordinates of a point dividing a line joining the points P(x,,v,) and Q(x,,y,) in the ratio m:n is given by :
(a) For intemal division : P-R-Q = R divides line segment PQ, internally.

mx, + nX; my, +ny, ‘/; m @ n {
x,v) =

m+n _ m+n Ax,,v) Qx,,v,)

(b) For external division : R-P-Q orP-Q-R = R divides line segment PQ, externally.

E—-
g it Ax,,v) Qx,.v)
oo (i =) ‘ e
m
(PR) (PR
(QR)<1 s i (QR)>1 = R lies on the right of Q

Note : If Pdivides AB internally in the ratiom :n & Q divides AB extemnally in the ratiom : n then

P& Q are said to W@’gf each other w.r.t. AB.
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Determine the ratio in which v - x + 2 = 0 divides the line joining (3, -1) and (8, 9).

/ Y -+2 =0
</ RN
C (8K+3  qic-)

Py /T B3 o

LSRR L T
L < tL
- Bl +w

gK—1—8K~3 +2k42=D

3R —2=D /

K==

\ 5
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CENTROID AND INCENTRE:
IfA(X,.y)). B(X,.y,). C(x;.y;) are the vertices of triangle ABC. whose sides BC. CA. AB are of

. . . X1+X7+X3 y1+Y‘)+y3
lengths a. b. ¢ respectively. then the coordinates of the centroid are : ~ =

3 7 3

- ; e A ax,+bx,+cx, ay,+by,+cy;
the coordinates of the incentre are : SRl atbe

Note that ince?ltre' divides 'the angle bisc?ctors il; (tjl(li ‘j'atio Condwond 5 Medsom -
(b+c):a; (c+ta):b & (a+b):c. g : 1—» T WB\CW'
Crowm wive — L prsed®
Lum ) %y:mm — ol hude i
@ Forisosceles triangle centroid. circumcentre. onhocentre and incentre are collinear—  one ivdensd b ,
@ Fora triangle Orthocentre (O), Centroid (G). Circumcentre (C) are collinear and centroid divides 2 evtowed bis.

w . v . .
orthocentre and circumcentre in the ratio 2 : 1 intemally ——————

@ For equilateral A, centroid. circumcentre. orthocentre and incentre coincide.

e )

[ e

o a &

>
v
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Problems
L bsedv

The@of the triangle with vertices (0, 0), (3, 0) and (0, 4) is -
B » o7 ® @ 3/2) ©18/2, 2 (D) none of these

/ c Lon) Fou o vigftharyll A drtum andie s Hu wid povd” of l"tﬂ%“'
Y C
g Ban m :
(b@ A (2,0) _iLO/ —%?. Oxthecordra = ?

(a3
z A
k eqpileteels A AH %
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AREA OF A TRIANGLE

The area of a triangle. whose vertices are (X,. y,). (X,. ¥,) and (X3, y;) 1s

1 1 10
\// ?lxl (}’2—)73)"‘}{2 (}’3—}’1)—}{3 (yl_YQ) | = Py X2 V2
B HIREERE

v/




@
(1)

(111)
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COLLINEARITY OF THREE POINTS :

Different conditions for three points A(X,. y,). B(x,. y,) and C(X,. y;) to be collinear are as follows
AB+BC=AC,AC-AB=BC

=

Ath v) B(:x:, Yy C (xé,. ¥s) ARTELC = dast Qg-wwl}
Slope of AB =Slope of BC
'\—\/\J —

b S P - L b
X, —X; X3-X,

\

>

If the area of triangle ABC be zero then the three points will be collinear.

Aryea o() Azo
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Problems
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LOCUS : b froved po v /?J

(@]
. \l-». . .," . . . .
The curve described by a point which moves under given condifion or conditions is called its locus.

. M_l
EQUATION T USOF AP - @

The equation to the locus of a point is the relation which is satisfied by the coordinates of every point on

thelocusofthepoint.m dopsd y i+is aliap o eqpal dighmn from 2 pred pouds 4
Steps to find locus of a point. e
s i et P L

A B

StepI: Assume the coordinates of the point say((h. k) whose locus is to be determined.
Step II:  Write the given condition in mathematical form involving h. k. porperch ‘ol
Step III : Eliminate the variable (s). if any.
Step I'V : Replace h by x and k by y in the result obtained in step IIL.

The equatioirso obtained is the locus of the point which moves under some condition(s).




EQUATION OFASTRAIGHT LINE IN VARIOUS FORMS : ._.' SAFALTAQ S
-

- 7
(i) Slope'i intercept form: the equation of a straight line whose slope 1s m & which
mak

es an intercept ¢ on the y—axis.

(i)~ Slope one point form: y — y, = m (X — X,) 1s the equation of a straight line whose slope 1s
m & which passes through the point (x,.y,).

H—[,i'./%f\ Wi
Y=y = m (5ol

Da= x-id (Fvea-vt)
OB;H-—]‘YI,— (+we m-vy
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(iv)  Two point form: ky V= =N (x @s the equation ofa straight line which passes through the

X, — X
oints (X,.v,) & (X,.,). ‘gl %’L‘“* MUHB)
(V) Intercept form : —+— =1 is the equation of a straight line which 111akes ultelcepts a&b
T —

on OX & OY respectively.

(vi)  Perpendicular form: xcos o +ysina=p is the equation of the straight line where the length of
‘the perpendicular from the origin O on the line is p and this perpendicular makes angle o with positive
side of x—axis.

(vii) General Form: mis the equation of a straight line in the general form

O W (0,
?
‘—‘@T RO
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(iii)  Parametric form : The equation of the line in parametric form is given by

‘ C;:(' ™ -, (say).\Where ‘1" 1s the distance of any poi point (x. y) on the line from the fixed point

B sinB
_'_(_}5_1_._},1})_011 the line. r 1s positive if the point (X. y) '

t of (x,. y,) and negative if
-‘-—__‘___‘-‘—\_——

Y-,z w (Ge-3t)
e o (=) X

= = Y- = M (-2 =\ | ¢4 y-y
where. r is the distance of any point on the line from the giv renpom’uf'&(:»c1 yl) l (a® _; |

R
e el s
(aohs? ’5_.:115 (# " ': 4= 2‘“‘ n 1S Pmud-ﬁx QSZ 2+£j£ 21@
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Problems
m

Equaﬁonofalmewhich‘p,a“sses through pointA(LZ,/B)andmakesanangleof%bwimxaxis.lfﬂﬁs
@ line meet the line ¥ + v+ 1 ¥ O at point P then distance AP is -

©) 542 D) 2./5
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D) 245

th x axis. If this

= [Pl 1"'_3‘-"‘-,(513*'}_‘ /\,(/
£2 "

st+ysriz=o (P sebspu)
2+ % 34N =0 = 214 2 Ju= "2‘1—31?]

& 2 J2 6
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POSITION OF A POINT W.R.T. A LINE :

If the points P(x, . y;) and Q(X,. y,) lies on the same side of the P Ox,, ¥)

line Ax + Bx + C then the expressions Ax, +By, +C and g (X5 y1) » Y2

Ax, + By, + C will be.of {he same s.ign and if (x,. y,) .and Ax+By+C=0

(X, .y,) are on the opposite side of the line then the expressions

Ax, + By, +C and Ax, + By, + C will be of opposite sign. Qx»y:)  ax3y= ’1 :

Po"‘ﬂm

The ition of the pomt th respect to the lines ZXT.-?;y 4 =0 and 6x + 9y 8

,\/(J(p:):t lies on the same snde of the lines ){pomt lies on one of the lines

W____-———"_——-—_- —_—
point lies on the different si e line Q) point lies between the lines

(6,0 (8 =" S R_ﬂ%ﬁ"ﬁ"'\ b

‘ Rege'on No 3
(0,0) S,C_") _/-————-———/%‘ ’

e tAy+8 4 ~
e — QT X Regm-2

LFIY-h

nnnnnnn ve by IFR3ISNEN

11*'3%: L

- /@.xn\r‘t)
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LENGTH OF PERPENDICULAR FROMA POINT ONALINE :

The length of perpendicular from P(x,.y,)on ax +by+c¢=0 1§
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ANGLE BETWEEN TWO STRAIGHT LINES IN TERMS OF THEIR SLOPES :
If m, & m, are the slopes of two intersecting straight lines (m, m,=-1) & 6 is the acute angle

m, —m,
between them. then tan 6 = |[— =

l+m; m,

L es|nem)

Livus  one ponalld M=

Liws ane L ¥y =——\
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Problems

If the straight line 3x + 4y + 5 - k (x + v + 3) = 0 is parallel to y-axis, then the value of k is -

(A) 1 (B) 2 © 3 (D) 4
/ 3= X + {4y + 5-3K=0 \
90°
m= - (3-1) =3
& _E -
" - Slgpe=jon?0= =

=0

\L:“(7'

\ /
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PARALLEL LINES :

(i) When two straight lines are parallel their slopes are equal. Thus any line parallel to ax +by+c¢=01s of
the type ax +by+k=0. Where k 1s a parameter.

(i) The distance between two parallel lines with equations ax +by +@= 0 & ax+by +@ 01s

1%. -

Note that the coefficients of x & y in both the equations must be same.

34y +(=0

Aoy O
- A -hy + =0 =

Oty + ¥-=0O




(@
(i)
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PERPENDICULAR LINES :

When two lines of slopes m, & m, are at right angles. the product of their slopesis —1.1.e.m m,=-1.
Thus any line perpendicular to ax +by+c=01s ofthe form bx —ay+k=0, where k is any parameter.
Straight lines ax +by+c¢=0 & a’x+b’'y+c¢'=0 are at right angles if & only ifaa’ +bb'=0.

@/E O yHC= 0 ™ W, = —|

/ -
= 20 ¥Ry +§

(bsc-ou+ k0| i L o yiven e L liee 3x-2y+ k=0
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CONCURRENCY OF THREE LINES :

Three lines are said to be concurrent if they pass through a common point. 1.e. they meet at a point.

Thus. if three line are concurren It Of Intersect i tes-on the third line. Let the three
concurent lines be
a1x+bly+cl=0/ ...(1)
a,Xx +by+c,=0" ...(1)
ax+byy+c, =0 ...(11)
Cbﬂ L™
- (

This is the required condition of concurency of three lines.
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FAMILY OF STRAIGHT LINES :

Let L,=ax+byy+c,=0and L,=ax+b,y+c,=0
R

e
Then. the general equation of any straight line passing
through the point of intersection of lines L, and L, is
givenby L, +AL,=0, where . e R

a 2x+b2y+c 2=0

These lines form a family of straight line R,

Also this general equation satisfies point of intersection
of L, and L, for any value of 7.

Conversely. if a variable line is expressed in the form of [L, + AL, =0|((% € R) then italways passes
through fixed point which is the point of intersection of L, =Uand 5= 0. N 18P
s

3>L+2L5 Z5-p >L—W_\+\_@ < fleje=s
-S+A =0
2+ 2y-S+A (M +uH)=0 Liig-}‘:QJﬂ\) W =54
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Problems




FAMILY OF STRAIGHT LINES :

Let L,=ax+by+c =0and L,=a,x+by+c,=0

Then. the general equation of any straight line passing
through the point of intersection of lines L, and L, is
givenby L, +AL,=0. where .. € R

These lines form a family of straight line

Also this general equation satisfies point of intersection
of L, and L, for any value of 7.

Conversely. if a variable line is expressed in the form of

4 SAFALTA com

a 2X+b2y+C2=0

a;x+byy+e;=0

(% € R) then it always passes

through fixed point which is the point of intersection of L, 0 and L, = 0. .

Lhy-1=0 9 11*—354-5:0 ‘x—rg—l @Emﬂg—i@ =0
gx_v_/_ll _/—.‘

3 obre [?a)bi% W(lz\l)

J

An Initiative by JFHRISTEN
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-

-

6 e e |
203yt \=0

24 26y o

~54 320 o Y =3/5:1*73

Problems
The line (p + 2q)x + (p —%y = p - q for different values of p and q passes through a fixed point whose co-
ordinates are - T e Y
s
2 i) (E E) (i 3) ME i)
22 ® \5'5 @ \5'5 5'5
Xt+24y-1=0 3 Ay +3 =0 p* +:/81/ac. + P ~3y =P-Y, \

P(JJ“'LZS“ ;) +q/(2x4~304,4—0 =0
Pivide by p

(5 4=V i-@[mc-?td‘rl) 0

L’l o >\Lz:O
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Optics Based Problem :

(1) Image of a point in a line.

(11) A ray of light incident along the line /x + my +n =0 and strikes a line
murror. if the equation of normal on the line mirror at the point of incidence
is px + qy +r=0 then find the equation of the reflected ray

! PGL, W) %Pﬁby)
'h\, O axrbyr 0 ’_’J__("C”’-”’hd“’cto
Fa-gf L L b .
—_— P YT AZE

N
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REFLECTION OF A POINT : Y

Let P(x, v) be any point, then its image with respect to

(a)
(b)
(c)
(d)
(e)

x-axis is Qx, —v)

v-axis is R(x, v)

origin is S(—x,—v)

line vy = x is T(v, x)

Reflection of a point about any arbitrary line : The image (h,k) of a

point P(x,, v,) about the line ax + by + ¢ = 0 is given by following formula.

h-x; k-y; Naxy +by; +¢)
a b a? +b°

and the foot of perpendicular (o) from a point (x;, v,) on the line
ax + by + ¢ = Q0 is given by following formula.

< Pﬁill‘ég

@"B)/,

lr'

_ axy +by; +c
a®+b?




Problems

—f SAF

A ray of light is sent along the line x — 2v — 3 = 0. Upon reaching the line mirror 3x - 2y - 5 = 0,
the ray is reflected from it. Find the equation of the line containing the reflected ray.

ALTA com

An Initiative by IR ISIRN

/

o

L@w

P E )
ﬁYJ@ A~Y15=0

P

62/:’) — ¥ |‘Magz .

DL—-‘—DLJ -~ 6__.'_%' :'D\QUL\@
o b

) B
az+b

/
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A ray of light is sent along the line x — 2v — 3 = 0. Upon reaching the line mirror 3x - 2v - 5 = 0,
_tT'lqe_ray is reflected from it. Find the equafion of the line containing the reﬂectedT

2-24-3 =0 \

/)_‘,_P,‘mﬂ}

-2y -5=0 L}J B;Yl-b
\ & 2 A

~ e +A=0 m%ﬁr \" ot
x =\ /LA:"I O
LD 35 1)

1313

—0 _
'!Ermz, lq m-sz 4 -2 Faa?
Ay [ LA A3 _ g _g

- =% -8 ;)xﬁzeq

\_ S #wm/%f@-) %




BISECTORS OF THE ANGLES BETWEEN TWO LINES :; -0 " SAFAL.JL&&%‘*:‘.

Equations of the bisectors of angles between the lines ax +by+c=0 &

+b'y+
x+b'y+c =0 (ab’= a'b) are : Lby“%ax yre

L-.=0 ya’+b’ . Ja?+b7

Zabt—ﬂ,ld'h’_) - ) d}{_%\ld-\-d)
'-‘03"‘\“:)1 I d\-b-f* Bl

A-y+P=0 R 3N Y2y +¥6=0

L Pyl brsedn 3 equidiriene

S S T TR 2 fprovo oot Livst
(2 I
. Ang e Lo loae 2 bisedn
Fird  aude ongl b wbichy ang | o esdh sthin

sl o loreedn
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To discriminate between the acute angle bisector & the obtuse angle bisector R o
— < —_——

To discriminate between acute angle bisector & obtuse angle bisector proceed as follows Write
ax +by+c=0 & a'x+b'y+c¢'=0 such that constant terms are positive .
Iﬂ.@}_@] < 0. then the angle between the lines that contains the origimrsacute and the equation of the

. , ) +b a'’x+b' yé:) SN _
bisector of this acute angle is — yﬂ X-Q-2=0 D ~dety 1220

20A2Y %/O

TXTOYZ _ 4 oxazgrS ) a0+eb SO
= | Ve -l @aTE) () I H >0
If. however.aa’+bb' > 0. then the angle between the lines that contains the origin is obtuse & the ;E
equation of the bisector of this obtuse angle is: ;
X+by+ 'x+b'y+c x+by+ 'X+b'y+c 73N
a\)y’c=+a\: ’by’c:therefore“ ’by’cz_ax ’by’c '
\/a‘+b° \/a"‘+b" Ja‘+b‘ \/a"+b"

is the equation of other bisector. %>O Hun + e gliwe S g ok
00! ¥hb <0 thon —spve ohhwe 4+ g B
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A PAIR OF STRAI NES THROUGH ORIGIN :

A homogeneous equation of degree two of the type ax*+ 2hxy+by*=0 always represents a pair of
straight lines passing through the origin & if :

(a) h*>ab — lines are real & distinct .

(b) h*=ab —  linesare coimncident .

(c) h*<ab =  linesare imaginary with real point of intersection i.e. (0. 0)

ry+s =0

253y — =0

(otrs 46) (23 =) =
Ify=m x & y=m,X be the two equations represented by ax* + 2hxy + by?=0. then:

X3 ] )
1111+1112=—2Th & 111111_=3. g‘hfdaﬂﬁ%%”‘ v xdy o -

b

afnm%+ byt 29 v2fy +C=0

sty
Pm”% Hliny -
L psE\/ Cs%u‘wb
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GENERAL EquaTioN - PRESENTING A PAIR Or STRAIGHT LinNes: At by IR
2+ 2hxy + by? + 2gx + 2fy + ¢ = 0 represents a pair of straigh 1f:

abc + 2fgh — af?> — bg? — ch? = 0)

3
4
2

The angle 6 between the two lines representing by a general equation is the same as that between the
two lines represented by its homogeneous part only .




aor2bsuy +by’ r 2t Ty Problems

If Ax2 — 10xy + 12y + 5x — 16y - 3=0 represents a pair of straight lines, then A is equal to -
\

@) 4 ®) 3 4 2

a=) “;'5,b='1,%;—§/6:[-85 SO -2E

D) 1

¢ SAFALTA cowm

An Initiative by IR ISIRN

o h g

v & ] %

4 § ¢

& =% 5

5 pegEn
5 -g -3 AL

\
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A PAIR OF STRAIGHT LINES THROUGH ORIGIN :

A homogeneous equation of degree two of the type ax*+ "hxy+ by*=0 always represents a pair of
straight lines passing throtgh the origin & if :

a 2>ab —  lines are real & distinct .
(b) h*=ab =  linesare coincident .
(c) h*<ab =  lines are imaginary with real point of intersection i.e. (0. 0)

Ify=m x & y=m,x be the two equations represented by ax* + 2hxy + by?=0. then:

_ 2h ~ (S
m, +m,= & & mym,= b Qx, +2\n¥=\ﬁ+b% +Z/§bl.4—z@g6+(,.»o
} ) L—* Hemeaenious €9 64, s J‘@Xm
84 ' o o ﬁ;zhm*btg'ﬂ 408 48, (=R

=& \3 wll aﬂﬂwpkcﬂ:ﬂwj_i“"i"fs“@




4 SAFALTA COM

A PAIR OF STRAIGHT LINES THROUGH ORIGIN Vemg Loy
A homogeneous equation of degree two of the type Iways represents a pair of
straight lines passing through the origin & if : \Szw\;k\/
(a) —[h*>ab) = lines are real & distinct . me-@ Gﬂ;;l-—ib =0 o Yimpl
() ~[h*=ab V= linesare coincident . SE——
() —fir<ab) = lines are imaginarywith real point of intersection i.e. (0. 0)
5
Jang*«\m\-ml 73: |LY_Y)1+“"$ —amimy, Jig; > f‘f _ 2./ &b O F2hg+P Y
G [+mymy ol 6+b Z =

_ Y=mpntl B=>My
Ify=mx & y=m,X be the two equations represented®dy ax* + 2hxy + 2=0, then:

3
e

Y gl 7 ; "
‘ bm*+2hw +a=D ,,*f.,yn) PDivde by
e o+ 2y 1by =0

\ m\—HY\zL'-Z\n/b x
| W, = 0/ -lA-L:.M \ B(,%D 4—2_\1(,5_)4—&7
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If6 1s the acute angle between the pair of straight lines represented by,

2 2. - ) v
i B R, T, = P % Vo =) k=0 > bins o Gyl

a+b |
The condition that these lines are: 7 J

(ay_— At right angles to eacl is a+b=0. i.e. co—efficient of x?+ coefficient of y>=0.

\3@( Comncident is h?=ab.
\(y)( Equally inclined to the axis of x isi.e. coeff. of xy=0. \L/

-0 j'f)nﬁ-; 004" = N.D
7274—’1305 B L\/ \, 4\ _}m@vb) N
A (V2VE
0\0‘//\ . L@b ‘ g+o=0\
0\-)(\0/ L—’S .a)‘m '{‘b ‘OL L
TN+ = e
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Problems
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The equation to the straight lines bisecting the angle between the straight lines. IS Bk i v
. ATY
p / o~ - b '
N ot f k
V)';W\l —A—

: rpendiculars. dropped from (x,.y,) to the pair of lines represented by the

ax2+"’hxy +by2
equation._ax?>+2hxy+by*=0 is ———_LL -1
\/(a—m___

perpendicular to the lines éh}:ﬁ@ 0 and through origin are given
/

)- (—/\W

3x -2y +5$ =0

H20 Yy t3Y 2
%'JL-'3L5+'>‘_—'§ @

Pair of




Problems
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Eéuati\on;zf_l@ pair of straight lines through origin and perpendicular to the pair of straight lines
o oA hes PioRsn o s

Y Ge -7 -37305-

(

x* - 7xy - 5y = 0

B) 3x* + 7xy + 5y =0 (C) 3x* - Txy + 5y = 0

(D) 3x* + 7xy - 5y* = 0

-1l + 7ty -k-glﬁl-_o ) 30‘3_“71\5 —SU‘Q’:'D

-~

2
Gol bty + by =0

A ey

'bDL?"—-thnL\d + a%z‘-‘!D

~
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If6 1s the acute angle between the pair of straight lines represented by.

2h?-ab
@@hen: tan6 = e

a+b
The condition that these lines are:
(a) At right angles to each other is a+b=0. i.e. co—efficient of x2+ coefficient of y>=0.

(b) Coincident is hZ=ab.
(c) Equally inclined-to-the-axis of %j h=0. 1.e. coeff. of xy=0.
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