P, SRS P TR T i e S s
s i TR

L

BRIy

Co-Ordinate Geometry

.3

——

4.1 Introducrion

Qgﬁqmmmcﬁwmbansqin&omzﬂ&gﬁnnm.?&nwﬂa _mw‘.u._ummm_uoﬁ
mathematician René-Des-Cartes studied analytical geometry. In this geometry
position ommﬂoﬁwﬂqﬂnﬁ&wwﬁgﬁ_ggﬁ:&gg and the
various shapes such as lines, curves etc. are represented in the form of algebraic
equations, Hence this branch of Mathematics has been developed by the combinatiop
of geometry and algebra. Due to use of coordinates it is also known as co-ordinate
geometry. ;

4.2 Carrvesian Co-ondinates

gssggﬁiﬁmﬁgﬂgoﬁﬂuﬂnmgga
ata Eﬂogxdkzﬁﬂoﬁ,?maﬁ_ﬁga&bﬂng. Line X°0X
is called x-axis and YOY" is called y-axis and their intersection point O is called

(CO-ORDINATE GEOMETRY

Ea:u of Coordinates and ouadrants

The coordinate axes X’OX and YOY" divide the coordinate plane into four
parts known as quadrants. The quadrants XOY, YOX', X’0OY" and Y OX are
respectively called first, second, third and fourth quadrants.

If coordinates of a point are (x, y) and point A
(i) _magﬁnhaﬁzagnngpu‘vo 1 I
(ii) lies in the second quadrant then x < 0, v > 0.

+ (i) lies in the third quadrant then x <0,y <0, ~ X €
(iv) lies in the fourth quadrant then x > 0, y < 0.
Note : (i) If y = 0 then the point lies on the x-axis |,
(i) If x = 0 then the point lies on the y-axis.

4.4 Distance berween Two points

Let A(x,, ;) and B(x,, y3) be two points in the
plane. Draw AT and BS perpendicular to x-axis. Now
draw AC perpendicular from A to BS. 4 C

: OT=x,, AT=y,
- O8=x5 BS=y,
AC=T8=0S-0T=xy-x,
BC=BS -CS=BS-AT=y,-y,
= In right triangle ACB
AB = AC?+BC?

AB = \J(x; ia_vm +(¥y |3u»

d = (- +(2-n)’
%mw&t case : Distance of a point A(x, y) from origin (0, 0)
&7 04 = Jx-02 +(y-07 = Z +)?
Note : Since distance is always positive therefore we take only positive sign of
the square root. _ \
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following points 01 the paper
: - (i) (1, 2)
-y @3 @S 7
Solution : (i) Measure two units of w.ﬁmp_d on EH P(-3.2) % P(1,2)
right of O to y’". From these points draw lines nmﬁhaw
to the y-axis & x-axis respectively. Their point ©
intersection Py is the required point (se¢ the mmsav. i § ok
(ii) Adopting the above procedure, the point P5 1S 50
obtained as shown in figure. /
(iii) The same process gives the point P;as shown Pi(-2,-3) .__w. _
in figure.
(iv) The same process gives the point Py as shown in the figure. .
) Example 2. Find the distance between the following pair of points,
/(i) (-3, 2) and 0(2,-1)
(ii) P(a cosa, a sinct) and 0 (a cos P, a sin B) A
(iii) P (at;, 2at;) and Q (aty?, 2aty) _
Solution : (i) Herex; =-3, 5, =2, %, = 2,3 =-1

Hence PQ = \2- (-3 +(-1-2) = V2549 = 34

(ii) Here,x, =acos @y, =asin o, x, =acos B, y, = a sin B

o Example 1. Represent the

Hence PO = ,__;noom? acosa)® + (asinP - asino)?

= n%ncm_mig,w&n +(sinf 1&.:5»

~
—aP 2
ung mwwm“.___.lmm__:mmm\a ;@ocmnm_.mm._:. .mnmi.
m, =2asin
I =2a5in 2B
2

m:_w;na.«_ﬂmh_uu}Hmmh._,uﬂuhmumm‘.v =7 nn
L B §

w_;.}; =% a\f...w = (o A {4 .. ; Pﬂ...«.;n*;”_.. .rn.m : .
o . L 4 I.lm
(Co-ORDINATE GEOMETRY 1 03
2
Hence, PQ = &T__w .._.s._u“ﬁ +[2ar; - 2an, F g
4 L
2 2
=ay(3-¢) +4(2-1)

=a i, - )2t + 1) + 4t~ 1)

=a(ty-t) B+ +24t,+4

o xample 3, If the distance between two points P(-3, 5) and Q(-x, 10

J/58 then find the value of x.
Solution : From the given values
J58 = Jex+ 3P +(-2-5)7 or58=(x-37 +49

or 9=(x-3)Porx-3==%3
O_Example 4. Prove that the points (3, 0), (6, 4) and (-1, 3) are the
rtices of a right angled triangle.
Solution : Let A(3, 0), B(6, 4) and C(-1, 3) be the vertices of a triangle ABC.

(6-3)2+(4-072 =J9+16 =5
-1-62 +(3-4)* = Ja9+1 = 50

G+D?+(0-3)* = 1649 =5

AB?+AC2 =BC? :
Hence 4, B and C are the vertices of a right angled triangle.

O Example 5. Prove that points (a, @), (-a, —a) and ml.._mn.a\mnu are the
e sl s

ices of an fequilateral mm.mnn_&_ —Z WA PIBo

Solution : Let the given points be A(a, a), B(-a, -a) and C ﬁ)_ma, .,_mnv

Hence AB = ((~a-a)® +(-a-a)’ = Jaa® +4a® =23a

BC = [(~a+a) +(Ba+a)

; L eqlitd driegle o
et h.%a ok, el . SR

R
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nuTm+ _wu +auf‘m1 _%

AC

=222
Clearly, AB = BC = AC Hence the triangle formed by the given points jg
equilateral triangle.
Exercises 4.1

~“Find the distance between the following pair of joints :
() (@+b c+dyand(@-b —<+d (ii) (a, 0) and (0, b)
E_;u.mﬁﬁ,lwoom&;éoa?:mu&

7 Ifthe distance between the points A(x, 1) and B(-3,-2) be 5, then find the vaj,

-

of x.
Vw.m_ If the point (x. ) is equidistant from the points (a - b, b—a) and (@ + b, a +})
gogm+MuN
a b

X4 T6A0,0ad B3, J3) betwo vertices of an equilateral trangle, find the th

vertex of the triangle.
/,\\ Prove that the points (3, 0), (6, 4) & (-1, 3) are the vertices of a right ange
I . -
6. Prove that the points A(1, -2), B(3, 6), C(5, 10) and D(3, 2) are the vertices?
a parallelogram. -

7. Prove __..rbn the _“-O——.—ﬂw (2, -2), (6, 4), (5. 7 - 5 ofi
-~ rectangle ), (5, 7) and (-1, 1) are the vertices

Answers 4.1

L G) 2J¢?+&3)
(i) g2 452
(iti) ._}w..m +.wu‘._ (sin & + cos 1)

2. lory
4 0.28)0r(3,-3)

CO-ORDINATE GEOMETRY 1 0 ..-.-
4.5 Division of a line segment [R.U. 2016]

A line segment PQ can be divided in a given ratio m : 0 in two ways:

(1 Internal Division

When the point of division R lies between P and Q then the division is called
internal division ¥
; 1 Olxy, ¥2)
Let P(x), 1) & Q(x,, y,) be the given | n
points & let R(x, y) be the point dividing PO R(x,y) R r
internally in the ratio m.: n. From points P, Q m
& R draw lines parallel to x-axis & y-axis. p
These lines form similar triangles RSP and S
OTR.
Since the triangle are similar &
PR PS RS m Y1 N M

RQ “RTTOT n !
and PS =IN=ON-OL=x-x; |

RT =NM=0M-0ON=x,-x;

RS =RN-SN=RN-PL=y-y:

QT = QM- TM=OM~RN=y, -y

€

mey +0x o -y -

or nx —x;) =mlx,-x)orx=

Similarly

or :th—u_u "_—..-...QN!%.HQ_...—...“

Hence, The coordinates of R are

['ﬂ_&.ﬁ_ my; +ny u

m+n m+n

iy = D

51
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I1. Exvernal Division e ——
oint of diviston I8 na‘_.a_.,ﬁ: g # R(x, y)
R v r R S

o s xterl divisin Thepoint o division (%)
lies on the left of P or on the right of Q according 5 < mmm
as .

@ <] or ?chu >1 0

(OR) (OR) Xe— "+ T —

Let P(x;, ;) and O(xy, y5) be the given :

points. Let R(x, y) be the point dividing PO .T

externally in the ratio m : n. From P, Q and R

=

draw lines parallel to x axis & y axis. These lines form similar triangles PSR & QTR
. PQ PS RS m
Since the triangles are similar w@ =0T "R n
and PS=IN=ON-0OL=x-x;;
OT =MN=0ON-0M=Xx-X,;
mhngl%”.gi.muh‘“u‘lu\—w
RT =RN-TN=RN-OM=y-yy;

PS m X% m
Hence OT “n' x5 1
or n(x - x;) = m(x - x5)
or x =20

m-n |

Similary Lt

Rl n'y-y2 n
or :@.Jw_vus_c‘.l._..nw o p= mys —h)

Hence the coordinates of R are
——— ﬁs& —h my,y |a\:u

]

m—n m-n

Note 1 : If R is the middle poj i ) ;
1 1. Hence fromthe formula ot of PQ, then R divides PQ intemnally in the raf¥

B of intemal division the coordinates of the middle po*

s

the coordinates of R in case of internal division are ﬁ

of external division, the coordinates of R are ﬁ

C0-ORDINATE GEOMETRY 107

ME N+,
2 7 2

m
2. If we suppose ~* = A, then the point R divides PQ in the ration A - 1. Hence

by +x; Ay + 3
A+l T A+
Ay-x Ap-n)
=1 = &1 )

www:oﬁn

Hlustrative Examples

Hence,

O Example 1 : Find the coordinates of the point dividing the join of

A(1, -2) and B(4, 7)

(i) Internally in the ratio 1 : 2

(ii) Externally in the ratio of 2 : 1
mc___.m_:- : (i) Let P(x, y) be the point of internal division. Here
.ﬁ_ - m.u‘.H “IN.HNHA_:«“M"H«.&_” lLLn=2

L o lxarax o Ix742(D)
2 . _~+N(|\B‘\w| 1+2

Hence the required point is (2, 1)
(i) Let O(h, k) be the point of external division. Here m =2 and n = 1
_ 2x4-1x1

h 5 a»lux.wrwxﬁlﬁ_l
™ . A N

the required point is (3, 16)

16

(Dexample 2 : Tn what ratio s the line joining A(8, 9) & B(-7, 4) divided

— . g

by (i) the point (2, 7) (i) the x-axis (iii) the y-axis

Solution : (i) Let the point C(2,7) divide the line segment AB in the ratio A 1.
“TxA+8x1 4A+9 :
dﬁooo_.&:m.ﬂomﬁm_dﬁ T5i _».+_w
But according to the problem the coordinates of C are (2, 7)

_ -TA+8 Gk e 2
2= 3

52
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= _mnﬂ_h.n. Euﬂ ms_.—_u& nm.ﬁ_.ﬂ_ _.m & ._ or M w
”w
axis 15 2Cr0. —Lﬂ—.. Hm_n mﬂm:-n—; «}m ﬁ

il rdinate of any point on the x- : .
(ii) The ol te of any po1 he ordinate y of the point of divisioy,

divided in the ratio A : 1 by the x-axis. Hence, t
will be equal to zero.

Q 9
Ak =0=A=- 7
A+l

Hence, the x-axis divides the given segment externally in the ratio 9 : 4.

(iii) The abscissa a of any point lying on the y-axis is zero. Let the y-axis divide
the segment in the ratio 4 : 1. Hence the x coordinate of the point of division will be
equal to zero.

.I...Ih

1]
[=]

=]

o)

I
~1| oo

le are (1, 2), (0, 1) and (2, -1) respectively, find the coordinates of
vertices of the triangle.

Solution : Let the coordinates of the vertices of
the triangle ABC be A(x,, ¥,). B(x,, ¥a) & Clx3, y3).

Let the middle points of the sides BC, C4 & AB
be IX(1, 2), E(0, -1) and F12, -1) respectively.

-+ D is the middle pomnt of BC

\}n.ﬂ_ou‘__u

Hm+HuI \_.um+u._
5 =1 and a1
or Htn=2andy,+y,=4 cnsl0)
mEﬁ_ma_w_MhﬁﬁmHmﬁnm&haﬂomaﬁamﬁh & AB

B C A
Ak_,uu H.t —“ —Huva AHuu .h\.uv

.H_._.hul .f_.T.Yw
3. 0pd St

= H_.+hwun.m=n.-__+.fmﬂm

+
and HHN.,w umm:nEuL
2

..... (2)

H_.THN”&NH_QH- + .
A 3

—— " . i

et ST S L LRy

CO-ORDINATE GEOMETRY . O@

From (1), (2) and (3)

(x, +n~,+_§+hu.+ﬁ.ﬁ::up+Mf:

i .H_ +HM +H.\w =3 Ahv
and O +Huv+¢.m+%w-+ﬁ§+v_1u|m...&ln
Nty =0 i wi{5)
Similarly from (1), (4), (5)

x;=landy, =-4 ;. A(1,-4)
Similarly from (2, (4), (5)
¥;=3andy,=5 - B(3,2)
from (3, (4), (5)
x3=-landy;=2 . C(-1,2)
Hence, the coordinates of the vertices of the triangle ABC are A(1, -4), B(3, 2)
and C(-1, 2).

Exercises 4.2

(et &w ZE

1. Find the coordinates of points of trisection of the line ent joining the points
(1, -2) & (-3, 4).
2. In what ratio does the point (4, 4) divide the line segment joining the points (-1,
-D&AD? ( dWytek ;
3 Find the coordinates of the point B such that the point C(-1, 2), divides the line
.\\ segment joining A(2, 5} & B extemnally in the ratio 3 - 4.
&sﬁ%ﬁﬁ the line x + y = 4 divide the line segment joining (-1, 1) &
(5.7).
\u\n_dé that the point A(-2, -1), B(1, 0), C(4, 3) & D(1, 2) are the vertices of a
parallelogram. Is it also wfn.oma:mmé
6. The coordinates of three vertices of a uﬂa_omg inorderare (-<1,3), (3, ) &
2, 2). Find the coordinates of the fourth vertex. |
\kvacn that the points A(4, =13, B(6, 0), C(7, 2) & D(5, 1) are the vertices of a

rhombus. Is it a square ?

Answens 4.2

3.3,6)
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m.hW. Area of a TriaNGlE

Let ABC be a triangle. Let the

of its vertices be . 7 ), (X3 ) & (3 ..__.“u_

respectively. From 4. B & C

perpendiculars AL, BM & CN on
Thus we get the trapeziums

ABML, CALN & CBMN.

. Area of AABC = Area of the trapezium
ABML + Area of the trapezium CALN - Area |

of the trapezium CBMN

1
-~ Area of AABC A= m?Em

BAsIC MATHEMay,
|¢

coordinales
draw C
the x-axis. B (x;, ¥
%
Z

1
z+E+wrzE+nszzzaz+oz_

1
H -_ -
— WAH_ = HMVQ_.M +u‘___v + Maﬁw IH_VC.._ +-tww - 2 Aﬂu HNuQM a.T.V@V

L}

x »n l

1
2 3 ) 1

Note 1 : While calculating the
anticlockwise order then the area o
clockwise order then the area comes

always taken to be positive.

1
1@ 72 =% ) + (5 = X33 + @31 =51

1
202 =33+ 3 03 -3) + 33 01 - 32l

%2 %2 Y (in determinant form)

area of AABC of A, B & C are taken in an
f considered positive. If A, B, C are taken in
out to be negative. But the value of the area is

2.To ma,n_ the area of a polygon, we divide it into a number of triangles. The sum
of the magnitude of the area of these triangles gives the area of the polygon.

3. Three points A(x;, y,), B(
AABC =0

Xy, ¥2) & Cley; y,) are vollinear iff (i) area of

n nl 6 oy 1
-
ie. =2 2 Noporle 3 1 _
. Vs 3oyl

(i) AB+ BC=AC or AC + BC

“ABorAC + 4B - pc

- —

CO-ORDINATE GEOMETRY
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o HlusTrarive Examples

i Example 1 : Find th
B(7,-3) & C(12, 2) -

e area .&1._._Im .Emwm whose vertices are A(1, 1),

= m

Solution : By the formulac for the area of the triangle

A=

1
.M_T:@Lu Iuﬁwv +x, Qw -y tx C: ..%uu__

| ,
A=ZIE3-9+7@-D+12(+3)]

1
=5 -5 +7+48]

- =25 sq. unit
0O Example 2 : Find :_mﬂ;nmnm_n.nqﬂ_ whose vertices are A(l,

1), B(7, -3), C(12, 2) & D(7, 21).

Solution : Area of the quaderilateral ABCD = |Area of

AABC| + |Area of AACD|
Now area of

AABC =125 sq. unit (by eg.1)

e D

B A

_ 1
andareaof  A4BC = Z[[1+2-21)+12x 21~ 1+7 « (1-2)]

1 ;
"3 |(=19 + 240 - 7)| = 107 sq.unit
= Area of the aquacultural ABCD =25 + 107 = 132 sq. unit.

a ple 3 : Prove that the points A(a, b + ¢), B(b, ¢ + a) and C(c, a +
re collinear.

~ Solution : By determinant method, area of the triangle

i

Il
2| —
6 o« 0 o o

b | =

1
2

(a+b+c)

bte 1
c+a |
ath 1
atb+c

applying C, + C

at+b+e

—_— =

—

atb+e

R~

_
” =0 [+ Cy=G)

Hence, the three points are collinear.

54
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Example 4 : Find the value 0
& (4 —k, 6 - 2k) may be collinear.
Solution : Let the three given points be
Ay, ) = A(k, 2 - 26)
mc@:@ = B(-k + 1, 2k)
and Clxz, yy) = C(-4 -k 6 -2k
If the points are collinear then
' o HHO
X0 -y + 2 (3 -0) 330102
= quTE:.T_:?N_T~+§+I1sn-#-usu=
= kdk-6)-4(k-1)+E+4H (4k-2)=0
— 4k—6k—4dk+4+ 42+ 14k-8=0
= 8P +4k-4=0
= (k-DE+1)=0
1

=t g ork=- _.Ig._nﬁ*o:_ﬁm?n_voﬁm-o_xno_?ﬂh

f k so that the points (ky 2 = 2K), (& + _

k== ork=-1

1
2
Exercises 4.7

\vﬁﬁwﬂa&m triangle whose vertices are (1, 3), (2, 4) & (5, 6).
/" Find the area of the equilateral whose vertices are A(3, 4), B(-4, 0), C(5,-1) &
D(6,2).
/3. Prove that the points (-1, -1), (2, 3) & (8, 11) are collinear
er&. MHE..._ the condition of colinearity of the points (a, 0), (0, #) & (1, 1).
5. The cs.aoa of the AABC are (4, 2), (4, 5) & (-2, 2 ively D, E & F are
HMW nm_.nun__m wcmﬁ % HM .qunm BC, CA & AB amvowﬂmneﬂm“wwawa that Area of

o.M.... Find the value of x so that the points (x, -1), (2, 1) & (4, 5) are collinear.

Answers 4.3

B

g

u M\_‘Hl.—
" a b 6.1

coeo
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Chapter
>/ Locus and Straight Line
?:1_1;0005 [R.U. 2015]

Definition : When a point moves under a
out by the pomnt is called the locus of the
such that the points of the curve satisfy

given condition then the par.h traced
point. Thus the locus of a point is a curve,
the given conditions.

Example : A circle is the locus of 2 point which moves such that its distance
from a given fixed point is always constant.

5.2 Eouation of Locus

i

The equation of locus of a point is an algebraic relation between the coordinates
xand y of a general point P(x, y). This relationship is such that it is satisfied by the
coordinates of all points of the locus.

7.3 Merhod of Finding the Locus

When the conditions on the movement of the point are given, we adopt the
following procedure to find its locus -

(1) We choose some arbitrary point (h, k) on the locus.

(i) We establish a relation between h and k on the basis of the given condition
or conditions.

(iif) The algebraic relation is simplified if it is needed. -!
(iv) Finally, we change to current coordinates by replacing h by x and k byy.
The equation so obtained is the required locus.
~ Note : If the equations of two curves are given in parametric form, the
thei

locus of
r point of intersection is obtained by eliminating the “parameter” from these
equations.
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int which is equidistant fy,
. EmPhlﬂﬁﬂdﬂl:lnﬂﬂofapﬂm a "

the axes. .
Solution : Let P(h, k)bcavamblepoﬁ:: :::sa:ﬂ R
wmglmm&onﬂwdmanﬁc P
y'ﬂ]smcqual t
~ PQ = PR or k = h changind the curren
coord:.nm putting h = =x and k=, the mﬂ: reg

“ﬂmmﬂh,k)isysxm.ssmmﬁs by !

lin OP =y
: ) -
mmehcusﬂfal'm““mh“ a}rsa:a%

B Example 2 :
Pm.ﬁomfdinswﬂlepmblm,"&

distance a from the origin.
Solution : Let the P(h, #) be the variable
distance of P from O(0, 0)=a
(k)

Jk=0)2 + (k=07 =4 a \‘t

Squaring both side ]
(- 0 + (k-0 =a” /
P+iR=d -

Changing to current coordinates by replacing / by x and k by y We gy
22 + 32 = o2 which is the required locus.

B Example 3 : Aﬂnememdsoflengﬂl{a+ﬁ} moves such that i
end A is always on x-axis and the end B is always on j-axis. Pis a point onAp
such that P4 = a and PB = b. Find the locus of P.

Solution : Let the ends A and B of the line (0, ¥, '\f

segment be at a distance x, and y; respectively from \\;P(r"rk}
the origin. Hence, the coordinates of A and B are
(x;, 0) and (0, yy) respectively.
In right angled triangle OAB,
042 + 0B?= 4B? 0
0,0 Aly,
or -‘7|2+}'|2=m (U ( 1] ) [x] 0}

Let the coordinates of the variable point P be (k, £). P divides AB in the ratio:b.

o DX0bxy @ abx0
a+h L

Hence )2 = 4ax is the required locus.

i D STRAIGHT Ling
LOCYSE AN : 115
h= -Elil— . =
a+h H = ;:-_b
Higacan) i i kla+b)=ay,
ha+b
|=__-b_l ’ yt:*_"_(ﬁ'i'b).

putting the values of x, and y, in eq (1)

ka+b)2 Ka+h) P
[ i -] +[-: }1 il

Hla+b?® KFa+b)? .
,@bz_h%;mw

W k*
@+bP| 7t 7| =@+ by

Changing to current coordinates i.e. putting

h=xandk=y

2,

J’
e e

Which is the required locus.
< Example 5 : Find the locus of a point whose coordinates are given by
x =af, y = 2at, where f is a variable.

" Solution : According to the problem x = ar® and y = 2at Here fis a variable and
the required locus will be obtained by eliminating .

e -
Hence, y=2ator! P

2

Pmﬁngﬂdsvalueinx=ar%rx=a$orx=$ [:1,11)

0&-4)4{‘;,. u}4 4-{'&-*3)
Exsncises 5.1 % HetFS Eé

Foe=E
. Find the locus of the point of whose
(i) Distances from the point (4, 0) the point (0, 3) are equal. L‘i‘ry
)

(ii) Distance from x-axis is four times its' distance from y-axis.

_Eh ey

g - - o J
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2. A point moves such that the sum ofsqwﬁcgfgddﬁﬂml;‘*; f:;“‘ two g
Points (, 0) and (~a, 0) is constant equal 0 2¢- 71 OF the pojy,

2 mecbcmofapohlmmwﬂpmt&g’ Fise.

4. AQ, 0), B(-2, 0) and C(3, -3)are threegiven points Find the locus ofa

such that P4 + pp? = 2PC?
e melmusafmcpoingmemofn&mcmm“‘ﬁpnints(qe.ﬂj
v
and (ae, 0) is 2a, is ﬁ»ry—z:lmmha’(l—ez)-
& ¥ -
Awswers F.1
L@ 8r-6y=7 (i)y=dx 2. R+p=d-d
3. 12+ﬂ+zgr+2ﬁ;+32+ﬁ_£=o 4, Ix-3=T
5. ¥ =dax

7.4 Stmaighr Line

Definition : A straight line is the locus of a point having the property that if gy,
hmpqmtsoftheline are joined by the shortest distance then all the points of .
locus lie on it.

7.5 Eouation of Srmaighr Line

The equation of a line is a relation between the abscissa x and the ordina
: L y te ¥ of
a general point on the line which is satisfied by the coordina poin
the line and by no other point. W R

7.6 Deflinivions

(a) Intercept : If the line AB intersects the i 4
v-axis at B then. . 4
(i) OA is called the intercept of the line AB on x-axis ~ X* X
(i) OB is called the intercept of the line on y-axis ‘ .
(iii) OA and OB are called the i i
Loty intercepts of the line on the r
Nale:lfﬂleﬁncilmw_gdwx-axisorux
origin,-then the intercepts are taken as negative.
(b) Slope of a line : The slope of a ling is e . n
: tangent o

ymsmﬁ]ﬁﬁrgaﬁvcsideofphe
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STRAIGHT LINE
LoCUs AND
es with the positive direction of the x-axis.
The sl of a line is generally denoted by m. If the
 makes an angle 6 with the positive direction (§~) of x-
line ™ = tan 0. If the line makes an angle 6 with the
”f#ijiw direction () of X-axis then m = —tan 0. If the
= coincides with the x-axis, then 0 = 0, hence the slope
:;i axis ora line parallel to x-axis is
m=tan 0=0

Sill]ilaﬂyr if the line coincides with y-axis ol

wv-&ﬂis then it makes an angle of 90° with

direction of x-axis. Hence the slope of y-af
lel to y ais is m = tan 90° = oo,

[f the line makes equal angles with the axes \\ m
nakes an angle of 45° with the positive direction of x-axis.
Wifssl@pem=tan45°=1_ :

Note : The angle made by a line with mchﬁﬁm_d_' rection
anticlockwise) always lies between 0° and 180°. N

5.7 Reciangular axes

If the lines representing x-axis and y-axis are mutually
perpendicular, then they are called rectangular axes. The
ordinate or the y coordinate of any point lying on the x-axis is y X
always zero. Hence, the equation of the x-axis is y = 0. The
asbscissa or the x coordinate of any point lying on the y-axis 1s
always zero Hence, the equation of the y-axis 1s x = 0. T

5.8 Eguarion of line pamallel To axes

(i) Equation of a line parallel to x-axis and at a
distance of b from it: 4

Let AB be a line parallel to x-axis and at a distance of X
from it. Let AB interest the y-axis at a point m, above the

Let P(x, ¥) be any point on the line AB. From P draw PN e
perpendicular to x-axis. For the point P, ordinate PN =y but PN = OM.

Hence
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: Itob.
Thus the ordinate of every point ot the hne Al 1s equal
. The equation of the line ABis ) = B ¥
Note - ! b
(a) If the line AB is below the x-axis at 3 N i b
1

then its equation is ¥ = =b. :
(b) If the line AB coincides with the X-8%1%
Then the equation of the line is same 85
of the x-axis i.e. y = 0.
(ii) Equation of a line parallel to y-axis a1 -
Ml&EbeaIincpam]lc!m}'wa.tisandatadjsw a Y
from it. Let AR intersect rJu:x-a:cisciuI]ictp‘:'s"t"""’ﬂdf"a”h'B ‘ 2

 thend=0. 4
the equation

d at a distance from jt .

Let P(x, ) be any point on the linc from P. Draw PM
perpendicular on the v axis, i.e. for the point P, abscissa PM
=x. But PM = ON

- ON=x
e xX=a

Similarly for each point on the line AB the abscissa a x is equal to a. Hence gy,
equation of the line ABis x = a. 4y
Note :

(a) If the linc AB intersects on the negative side of
y-axis, i.e. to the left of y-axis then its equation is 0 X
r=-q. |

(b) If the line AB coincides with the y-axis, then a = 0.
Hence, the equation of the line AB, i.c. the y-axis will be x = 0.

5.9 Eouartions of steaight lines in various standard
forms , .U. 2014]

(A) Intercept form 4

Equation of a line cutting off intercepts a and *Ns
b on the x-axis and y-axis respectively,
Let the line QR intersect the x-axis and y-axis at
the point 4 and B respectively such that 04 = g and O
=b. Let P(x, y) be any point on the line, Join OP draw
pclpmdjquaJ‘SPMandFmeumd]exm ]
respectively. e
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Arcd of right AOAB = area of AOPA + Area of ADPR

1 -k I
_z-x:‘).d*()ﬁ—z zo.{»PM+E+UB:PN
| 1 1
Exgxb;-ﬁ-xax}-lixbxx
T
_‘II
|

L}
. . _—
Hence the required equation of the line is = + % =1, which is called the intercept
form of the equation of the line,

+

&

1
pividiﬂs each term by E % a x b, we get

o |

(B) Slope Intercept form
Equation of a line cutting intercept ¢ on the y-axis making an angle ©
with the positive direction () of the x-axis
Let Plx, ¥) be any point on the line AB. from P, draw
) perpendicular on OX which intersects the line OL through
530’::3;1: ¢ and parallel to AB at R

RM
In right AOMR, tan 0 = oM’
- RM= OM tan
Now, PM= PR + RM (4B||OL)

PM= = =
C+OMtn®(ON=RP=0) \pc ¢
y=xtanO+e¢

or [r=m=e] Lo

Here m = tan 8, m = slope of the line.

This is the required equation of the line.

When 0 is an obtuse angle, then the slope m is negative and when 0 is an acute
angle the value m is positive. If the line makes equal angles with axes, then m = £1.
(C) Normal Form

Equation of the line when the length of the perpendicular from the origin
and the angle made by this perpendicular with the x-axis is given.

Let the line RS intersect the x-axis and the y-axis at 4 and B respectively. OM
is the perpendicular on the line from the origin. Let OM = p and this perpendicular
makes an angle o with the positive direction of x-axis ie. ZMOA = .
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In right AOBM
& = o0° - ZBOM

oBM=
“OBT e [90° ZMOA)

P
P ==
In right AOMA cos 0= 77 = 04~ cosa

P
P =TT
inright AOBM  sinaw= 5 = 987 Gina 2

ie
Hence, the line RS cuts intercepts 04 and OB 1% o501

axis and y-axis respectively. =
i __”’___+,_L=I
Hence its equation iy ooy p/sin0

or xoosa+ys,‘na=p ’

Which is the raqujmdequaﬁomofﬂzc ine. 3 .

Nom:(i)mmmofmepemmp'dmmfwmﬂwmsmaumem
always taken as positive. ) o |

(ii) The angle made by this perpendicular with the positive direction of x-a
may lie between 0° and 360°. :

Illustrative Examples

B Example 1 : Find the equation of the line parallel to the y-axis and

passing through the point (4, 3).
Solution : The equation of a linc parallel to y-axis is
x=a A1
The line passes through {4, 3). Hence the coordinates satisfy the equation of the
line.
.. 4 =a putting the value of a in equation (1), the equation of the required line s
x=4.
B Example 2 : Find the equation of the line which is equidistant fron

the lines y = 8 and y = - 14.

Solution : We known that the lines y= 8 and y = ~ 14 are both parallel to x-axit

Hence a line equidistant from them will also be parallel to x-axis whose distant
. B+(-14)

from x-axis 15 —-2—=—3
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Hence the equation of the required line is y = - 3

g Example 3 : Find the equation of the line which cuts an intercept of 5
aits from the negative side of the y-axis and makes an angle tan~! V3 with
u

he ,.n:is. . _
: solution : Let the equation of the line be y= mx + C. According to the problem,
me,-nm:xprondwyaxis C == 5 units. The angle made with the x-axis 0 =tan"!

o tan 0= /3 . Putting values of n and C in the equation, the equation of the

]ulﬁls ﬁx—}'—s'_—'ﬂ.

@ Example 4 : Find the equation of the line
yhich cuts a0 intercept of 3 units below the origin
on the y-axis and is equally inclined to the two

{he TWO aXES. We know that the angle between the
anes i 90°. Hence, the line will make an angle of 45°
or 135 with the positive direction of x-axis. Let the

ion of the line in the two situations given in the

p.-gbimube

A1)

y=mxtc,
Here e=-3 and m =tan 45° tan 135°
= m=lor-1
Now putting the values of m and ¢ in equation (1)
y=x-3 :
or y=-—x-3
= x=y=-3=0
or x+y+3=0

Hence the equation of the required lineisx -y - 3=0orx+y+3 =0

¥ Example 5 : Find the equation of the line passing through the point
{2, 3) and cuts intercepts on the axis which are of equal magnitude but of
opposite sign.

Solution : Let the equation of the required line be

L wal1)

X
—t==]

b
Where @ and b are the lengths of intercepts on x and y-axis respectively. Now,
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according to the problem b = ~a. Hence, the &4

i.{..i.:]
L —

or x-y=a

This line passes through (2, 3).
the line. Putting x = 2, y = 3 in cquation (2), we b
in equation (2), we get

x-p=-lorx-y+1=0
which is the required equation.

B Example 6 : Find the equation of the line
passing through the point (-4, 1) and this point
divides the intercept of the line between the axes
in the ratio 1 : 2,

Hence the coordinates satisfy the eq o
avea=-l. Pumgﬂleva]%ur

x
Solution : Let the equation of the line be ;*b

1 where a and b are the intercepts on the axes. ‘
The line intersects the axes at A and B whose coordinates are (a, 0) and (0, b,

[f P(x,, »,) be the point dividing AB in ratio 1 : 2, then

Ixa+1x0 = 2x0+1xh
w0 AT
2a b
or = =g
According to the problem this point is (-4, 1)

o
la b )
T——Iaﬂd;—l

’ a=-6andb =3
Putting the values of a and b in equation (1), we have
x. ¥
—+==
=
Hence, the equation of the required line in
x=2y+6=0

O Example 7 : Find the equation of the line such that the length of the
perpendicular drawn from the origin to the line is 5 units and this
perpendicular makes an angle 135° with x-axis,

Solution : Let the equation of the line be

x cos oL+ ysino=p {n

i
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Here =135"and p = 5 ynits,

. 1
cos OL= cnslSS——Tandsma sin 135° = E

putting the values in equation (1),

1 1
_— = =
( Ji] }{JE} .
x ¥
-T+ T=50rx—y+5vr =0
Hence the equation of the required line x - y + 5 5 = 0.
@ Example 8 : Find the equahon of line, passin 2
7 g through point (-2, 8)
and forms 45° angle with X-axis . F;R.U. 2015)
Solution : m=tan4s°=|
+ Equation of required line, using one point form
y=-8=1(x+32)
= y-8=x+2
= A-y+10=0
Exercises 5.2
. Find the equation of the line parallel to the x-axis and
(i) Isata distance of 5 units above the origin
(i) Is at a distance of 3 units above the origin.
Find the equations of the lines parallel to the x-axis and situated at a distance
Wa+b (i) a? - 52 (i) b cos O
fromit.
Find the equations of the lines parallel to y-a axis at at distance (i) 5 (ii) - 3 (iii)
2/5 units from the origin.
. Find the equations of the lines parallel to y-axis and situated at distances (i) /7
(ii) - /3 + 2 (iii) p + q from it.
Find the equations of the lines passing through (-3, 2) and (i) perpendicular to x
axis (ii) parallel to x -axis.
Find the equations of the lines passing through the point (3, 4) and parallel to the
xand y axes. Also find the equations of lines parallel to these lines and at a
distance of 8 units from these lines.
Find the points of intersection of the lines x =+ 4 and y =3, Also find the area
of the rectangle formed by these lines. s
Find the equations of the lines passing through the origin




'| 24 Basic MA'H']EM‘\:TIQS

@ Making an angle of ~135° with x-aXi5 :
(i) Making an angle of 60° with OY in first quadrant:

9. Find the equations of the lincs whose intercept on X-ax1s and y-axis are (j) 53
(11) -2, 3 respectively
. ; ; 3 :

10. Find the cquation of th lie passing through the point @ 3) and vhich g,
equal intercepts on the axes. .

11 Fmdtheequauonofmcim passmgﬂ-rcughthcpoml(l ,2)such ﬂlatthcmter%
on x-axis is twice the intercept on y-axis. 2 <8 ach

12. Find the equation of the linc passing through the point (=3, 4 such that g,
intercept of the line between the axis is bisected at this poin

13. Find the equations of two lines passing through the point (4, —3) such tha
sum of the intercepts on the axes is 5 units.

14. A line cuts instercepts of length 5 and 3 from the axis. Find the equation of th,
line when the intercepts.

(i) Are on the positive sides of the axis.

(ii) Are one the negative sides of the axis. :

(iii) The first intercept is on the positive side and the other is on the negativ
side.

15. The perpendicular from the origin on a lin makes and angle of 30° wﬂlym
and its length is 2 units. Find the equation of the line. |

16. Find the equation of the line such that the length of perpendicular from the origin

5
on the ling is 3 units and the perpendicular makes an angle of tan™! [E] with
the positive direction of x-axis.

17. Find the locus of middle points of the intercepts of the line x cos ot + y sin &6 =3,
between the axes where o is a variable.

3 ’

18. Find the equation of the line for which p=3 and cos &t = l‘g, where p is the
length of the perpendicular on the line from the origin and o is the angle which
the perpendicular makes with x-axis,

Answers 5.2
1. (i) »=35 @y+3=0
2. () y=a+b (i) y=a® - b2 (iii) y= b cos O
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@ *=5 (i)x+3=0p (i) 5x-2=0
i) x=7 @x=2- 5
x+3=0,y=2
y=4x=3y=12andy+4=0,x= 11 andx+5=¢
(4, 3), 4, 3). (-4, -3), (4, - 3) Arca = 48 s¢, unit
i x-y=0  ()x- By =0
) 3x+ 5y - 15=0 (i) 3x - y+6=0
w c+y=5 l.x+2p=5

12, 5x+3y+30=0 l3.3r+2y-6=l],x-—2y-11]=0
1. (@3x+5y-15=0 (i)3x+5y-39=0

i£x- By +4=0 16.12x+5y-39=0

(i)x=p+g

i) x—y+5=0

WO AS R oW

(iii) 3x - 4y - 15=0

1,1 4
ﬁ_-;z—"'yz=§ 18. f3x+y= 6, J3x-y=6
3 "—_].‘Q_ Yoy '[:q
5.1¢ 10 Straighr line and I.mun Eoumon ul x And y

(a)Anylli'lell'kaplancrsrcprcsmltedhyahaquaﬂonofﬁrsldcgreemxandy
The-angle made by any line in the plane with x-axis is either an acute angle or a
right angle or an obtuse angle. There is no other possibility.
(i) If the line makes an acute. angle with x-axis, than its equal is of the form
y=mx + ¢ where m =tan 6. h
(ii) If the line make a right angle with x-axis, thenthclmeparal]cltoy—ama.ud
the equation of the line is of the form x = .
(uii) If the line makes and obtuse angle with r-ams,thmalsmt.s equation is of
the form y = mx + ¢ as in case (1). a%m
Hence, in all three cases the equation of the line is a linear equatfon in x and y.
(b) A linear equation in x and y always represents straight line :
IfA, B, C are constant, then the general from of a linear equation in x and y is
Ax+By+C=0
Here the highest power of x is one and the minimum is zero. In the first and
Mtﬂmthepuwmofxmﬂymonewhuethelhuﬂmmmﬁm&mxand

¥ whcre the 5 powers of x and y are zero. Hence equation (i) is the general equation
of first
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26 20 simulta:u:ously sj_%
' . camnot B¢ ible for all val
- ﬂ:teqm::n (1) the valr:dw ;f?ﬂagdfo which is 10t po_sslblc ues of
case the equation redw : mes ‘
and in absence of a variable. 'J‘C'-"l““"mb@ rAzOOr B#0.
Hence, in the equation Ax + BV * ¢ =0 cithe

| EQuaTioN of sTrAiGhT Ljy,

%.11 Reducrion of GenerA
into standard fomMS

= mx + ¢ + We know the gene
1. To express in slope intercept form ' = ""x Tal
equation of a line is Ax + By £ C=0 -
or 3_,,=_,qx-(f‘

3> __A

s ‘-& y=m+c %emm—‘—B,c______'
Note:(i)nesiopeofzhelmem+3y+0=0
A coeff.of x
m=-=p = coeffof ¥

(ii) intercept on y-axis = -

|y

x . . 5
2. To express intercept form a—+%=1 : The general equation of the line is

Ax+By+C=OmAr+By=-C

£ y = £ -J—J=
" FETT
A B
Where a=‘—%a.ndb=—% ¥

The intercepts mx—axisandy—nxjsare—%,-g, respectively.

3. To express in the normal form x ¢os o + y sin o = p : The general
cquation of the line is i BN
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Ax+By+C=0 or Ax+By=-C sal(1)
Let the normal form of the line be
xcos 0.+ ysin&=p (Here p is positive) e o)
Equations (1) and (2) represent the same line hence comparing the like terms.
c .4 B VA + B?
P osasing T oo gssinta

—E—:i.___..__._‘M

o 0s0  sinot 1

- B
T T :iﬁ‘ L
on putting the values in equation (2)
A_ . B ¢
TN B £+ B
4 B c
B+ WP Bl

Hence this x cos o + y sin @ = p is the required normal form of the line.

C
mmberﬂmhlﬂwequaﬂonp=m sign from + is to be taken which

makes the equation positive.

Note : (i) To reduce the general equation Ax + By + C = 0 to normal form, first
ofall C is transferred to R.H.S. and its made positive if not so, by dividing both sides
by -1,

(ii) Each term s divided by (42 ; g2 i.e. by \[(coeff of x)? +(coeff -of ¥)?

5.12 Straight line passing Through a point

To find the equation of the line passing through the point (x, y;) and
making an angle 0 with x-axis.

Since the line makes an angle 0 with the x-axis, the slope of the line m = tan 6.
Let the equation of the line be
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p=mrte
The line passes through (x,. ¥,) I
yy=mx +e
Subtracting equation (2) from equation ().
y-" =m-(x—x:|)
Which is the equation of the required line.
. Note : The value of nvis known from some other

ence it satisfies equation (1),

condition satisfied by the Jip,

5.13 Line passing through Two GIVEN POINTS
given points (x;,
—

To find the equation of the line passing through tW0
and (x5, ).
Let the equation of the line be
y=mx+¢ ) (1)
Since the line pmthmughﬂiepﬂiﬂts@p?ljmd[x?’h)mel -Satisfy
equation (1)

Py=me te . =l
and yy=mryte : ~48)
Subtracting equation (2) from equation (1)

; ¥ =y =mlx —xp) ----(f‘)
Subtracting equation (2) from equation (3)
Yo =3 =miy — %)
. ool
. . BT
Putting the value of m in equation (4)
Bamh 20 H
YN ey ETN T
Which is the required equation.

Note': The slope of the line joining ﬂ';epcinls-(xl,ylj and (x5, ¥,)

e ) o =x' N n- ? ‘%]—
?“\1‘! =Py  Differenceof ordinates of the points
7 & Diﬁ‘ermﬂeofabmissaoftl‘nepoints
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» IHusTraTive Examples

@ Example 1 : Reduce the equation 3x + 4y = 12 to (i) Slope intercept
o (ii) Intercept form (iii) Normal form. Also find the value of constants

for fhese standard forms.

used in
golution : (i) The given equation is
3x+4y=12ordy=_3x+ |2

. .
of ¥ 4 40ry—-';x+3

This is of the form y = mx + ¢, where m = —

|

andec=3
{ii) The given equation is
3x+4y=12
dividing the equation by 12
3x 4y

S+ =lor

x X
2 12 4731

. I =
Which is of the form ;+f =1, wherea =4, b=3,

(iii) The given equation is
. 3x+4y=12
RHS_ is positive. Hence, dividing the equation by

VA + 8% = {7 +4% = 5516 =5

«  Ze.A L2 L
-1 5 -5

Which is the form oféx cos o + y sin o = p, where

3 . 4 1

g, cos =7, sina= 7, p=

Thus tana=%and.ﬂ=% »

12

Thus the length of the perpendicular on the line from the origin is —5- units and

b i 4 :
its inclination with x-axis is tan ™! 3
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O Example 2 : Reduce the equation
Also find the length of perpendicular on this li
mclination of the perpendicular with X-AXis.
JBx-yr2=0or Bx-y=-2,

Bx-r +2=0to I‘lnnr-mgl h"‘h_
ne from the origin ang the

Solution : The given equation is
Making R H.S. Positive

= 3X+}'=1 “]
Dividing the sides by J2 1 g2 = (V3P +()7 = 3+1 =2
3 I .
_g‘r + Ey:] (2}

This is of the form x cos ¢ + sin & = p, Hence, on comparing

cos oL=— —2-.sina=z,p=l
or cos oL=-— 5 = cos 30°
= cos (180° - 30°) or cos (180" + 30°)
=gos 150° or cos 210°
Hence, a=150r2100 L (3)
1
Simila:l}.rsinl:tﬁz =sin 30° = sin (180° - 30°)
i.e. =sin 30° or sin 150°
Hence a=30%or 150° L)

The common value of ¢ in equation (3) and (4) is 150° Hence, the length of
perpendicular = 1 and its inclination with x-axis is 150°,

B Example 3 : Find the equation of the line passing thror-Jgh the point
(3, 2) and making an angle of 60° with x-axis.

Solution : The line makes an angle 60° with x-axis. Hence the slope of the
required line m =tan 60°= /3 . The given point is (3, 2)

Hence ;=3 andy, =2. We i ine wi
mmmmﬁm&bhgwthatﬂmeqMMoﬂhehmmﬂmopemmd

Y=n=mlx-x,)
Putting the value y-2= [3(x 3

10

* the lines parallel to x-axis. Let these lines rectangle

D STRAIGHT LINE
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Qs

- 3X'}'+2-3J§:0

@ Example 4 F if'd the equation of line passing through the middle
oints of the lines joining (4, =7), (-2, 3) and (-4, -7), (-2, - 3)

golution : The coordinates of the middle point of the line joining (4, ~7) and (-
3, ) '

44(<2) 743

5 35 ]=(1,-2} D)

gimilarly the coordinates of middle point of the line joining (4, =7, (-2, -3) are
4+(2) -1-3

=\ ) =63-9) )

Now, the equation of the line passing through (1, -2) and (-3, -5) is
_E9-=2)
y=(=2)= =3)-(1) (x-1)

o x—-dy-11=0

® Example 5 : The equations of the sides of a rectangle are x = 2, x = -
4,y =3 and y = =5. Find the equations of its diagonals.

Solution : Equations x =2 and x =-5 represent
lines parallel o y-axis and y =3, y = -5 represent 1

ABCD. Hence, the coordinates of vertices of the
rectangle are obtained by solving the equations of
the sides. These are :
A(2, 3), B(-4, 3), C(-4, -5) and D(2, -5)
Hence, the equation of the diagonal AC is b
-5-3
—4-2
or dx-3y=1=0 _
Similarly the equation of the diagonal BDis

A8
Seh (x+4)

X'e
x=—4

y—3= (x-2) ' }I"

y=8=
or 4x+3p+7=0

Hence, the required equations of the diagonals are
ax—3p+1=04x+3y+7=0
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B Example 6 : Prove that the points (@ 0), (0 b 4% ~26) are cog,
o0 find the equation of line. '
Solution The equation of the line passing through (a, 0) and (0, b) is

Al

b-0
y=0= I—):;{x—ﬁ]

or bx + ay=ab N e (I
The point (32, ~25) will lso i ontisline ifits coofdinates satsfy equatign
b(3a) + a(-2b)= ab
3ab —g2ab= ab
ab = ab which is true.
Thus the point (3a, ~2b) satisfies equation (1). Hence, the three pointg i
collinear and the equation of the line is b +ay = ab.
Exercises 5.7
L. Reduce the following equations to slope instercepts and intercept forms, Alsy
find the values of the constants used in these standard forms.
) 3x+dy=12 (i)Tr-3p=15 (i) Sx+6y+8=0
2. Find the slope of the line x cos o + y sin &= p.
3. Find the tangent of the angles that the following lines make with the positive
direction of x-axis.
@ Bx-yp+2=0

@) x++8y-25 =0

- Find the length of the intercept of the line 3x + 4y = 6 between the axes. Als
find its middle point.

3 'thﬂwwluescfaardbmﬁmﬁwoqmﬁmh+4y=mmd¢u—by+]=l]
represent the same line.

6. Redumthcfollowingequaﬁmstothcﬁ}mxmsa+ysina=pr
@ x+y+ 72 =0

(i) Bx-p+2=0

7. Find the equation of the line
45° with x-axis.

8 Finc[ﬂmeeqmﬁmofthclinspmg
making an angle 90° along x-axis,

pmi"slhmushu‘epﬂim(?,Bjandmkjnganangle

through the point (p cos o, p sin o)) and

n

F

o AND STRAIGHT LINE 133
gind the equations of lines passing through the following pairs of points.
4 0 69 and (3, 6) (i) (0,-a)and (&, 0)
i) (@ pyand (@b a-b)  (iv)(ar, at,) and (ats, a/ty)
) (aseccﬁ.bfﬂn@)alﬂ(ﬂ&wﬂ,bunﬁ)
vertices of a triangle ABC are (1, 1), (-2, 0) and (6,4) respectively. Prove *
10 gm equation of the median d‘awﬂhﬁlewrlexﬁisr--yr—- 0.
i find the equations of the sides of the triangle whose vertices are (1.4) (2, 3) and
LD ) '
g that the following sets of points are collinear -
) 196.-D.6318 (i) (3a,0)(0,3b), (2, 2b)
(i) @ b+c) (b oe+a)lca+h ’
3. Prove that the points (4, b), (4’ b') and (a - ', b - &) are collinear if ab' = a’..

Answens 7.5

L g B b B
@ m=13.C=" 397" 3
) 4 8 4
@m=-2,C=- 3,a=-7,b=-3
1 -cota 3. (i) tan 60° (i) tan 150°
5 3 e 1
4. E,[l{ 4] 5,0‘—“4ah—5

6 ()rcos225°+ysin225=1 (ii) x cos 150° + ysin 150 =1
1 x-y+1=0 9 xcosot+ysino—p=0
9 () y-x=1 (if) ax — by = ab
(ili) (@ — 2b)x — by + b2 + 2ab - a* =0
(iv)r,:2y+x=a(.r|+12)

o . a-B at+p
(v]bxm_z_ﬁ_aysu-]-—z—=ﬂbm5 7
11.x+3y+?=10,3n—y+1=0, Tx+y-11=0 .

L]
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#.14 Angle berween Two Lines

Let two lines 4B and C> make angle 8 and
9, respectively with the positive direction of x-axis.
The two lines intersect at P such that BPD = 6.
Now il'ltriang]c EPT.
O+ =4
0=0, -0,
Case I : When the equations of two lines
are in slope intercept form.
~ Let the equations of 4B and CD in slope
ntercept form be y = myx + ¢; and y = myx + ¢
respectively where m, = tan 8, m, = tan 6.
From equation (1)  6=6, - 8,

tan ) —tanf;

S tan 6= 1+ tan 6 tan 6,

M
o]
Hence, 6 =tan [Hnﬁsz

Let the other angle between AB and CD be ¢.

Then ¢=mn-0

or

Hence

ortan 6 =

then §=—-tan 0 or tand=—

4
Basic Marty Ebiy
S

]
0 ¥

"-”“‘*:‘a“fﬂrazj

i )
1yt

)

tan¢=tan[ﬂ;=ej
=
1+ mgy

! )

Angle between lines (2) and (3) = tan~! [time

Note : (i) When the angle between the line is acute then the value of

m -
1+ iy

is taken as positive. %mthzang[cisobmsg,itisiakmasnegaﬁw,

(ii) When one of the two lines is parallel to y-axis then 0 cannot be found from
the above formulag bemuse;the line makes an angle of 90° with x-axis. Hence

either m; or my becomes i -

12
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tthe line AB be parallel to y-axis i.e, it makes an angle of 90° with x-axis.
ﬂ -
prom the figure 0= 50, A A
i
T
mezmn[“— "92] f
of 2
. tan 8= cot 8,
e A >X
" O tang, = m, £ 9 J_f;
o=taal — |
=tan m e (1)
similarly i the other angle between these lines ZCPB be 9, then
9
¢=R—B.Or¢=ﬂ—[5 —92] ur¢=%+92
F _l__ z -1_
i« m“¢=_tan32 :md’:_m;
..... (2)

1
—_
iy
Equations (1) and (2) suggest that if one of the two lines is parallel to y-axis,
1
mﬂganghbetweenﬂxlimsism.n‘l ["'“n;]
Case I1. When the equations of the lines are given in general form :
Let the equations of the two lines be ay x + by y + ¢, =0 and agx + boy + €5 =
| 0 Writing the two equations in slope form.

| ad

Ifm, and m, be the slopes of the lines, then
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,,,]=_—:—‘ and my ==},

. .
If © be the angle between the lincs, then tan 0= % o, + PUCNS the vy,

of m, and m,
442
tan =% h b
”[ h][ f]
025‘1 abs
12004 gy +bib;
Hence 0= mn"[ :2;_'_:::]

Note : This formula can be used when one of the lines is parallel to y-axis.

Case III : When the equation of both the lines are in normal form :

Let the equations of the two lines in normal form be :
xeosay+tysiney=p iin

and xcos 0y +y S 0 =Py

cos Gy

- Sillai

of x
Slope of the line (1) my =~ mﬁwy

or ° my =-cot oy = tan ) =tan (90 + o))
{Hmﬂ,lsﬂwanglenndebgﬂwhne{])wrthpmmwduecumofx-ams)
=00P+e, 0 L (3
Suﬂﬂarb'slopcofhneﬂ)
costly
MoT T, diny =000
tan 0, = tan (90° + q)
8,=90°+e0, L @

13
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(Here b st by the line (2) with positive direction of x-axis)
Hence, iheanglebctwccntwoimcsﬁ-e] ~ 8,

=(5*“‘]“(3+%]
o 0=0)~0y=|y, -

5,17 Necessary Condirion
Parallel

for Two Lines 1o be

[fme:wo]mesarepﬂmlielﬂﬁuﬂleanyebmﬂmm$onmw the
afﬂqgmmtofﬂteanglensalsomo
Clﬂl When the equations of the two lines are given in slope form :
Let the equations of the line in slope form be
Y=mpxtopand y=mpx + ey
if 8 be the angle between the lines then
o —my
1+ mymy
mlmarepamlklﬂm;ﬂ=ﬂwmﬂ=mﬂ=ﬂ.()nputtingtheseva.luﬁ

tan =2

oy —my
tan(=+ 1+ mym, =0or(m; -my) =0

Hence, if the two lines are parallel, then m) = m, i.e. their slopes are equal.

Case IT : When the equations of the two lines are given in general form :

Let the equations of the lines in general form be
apx+by+e =0

and  ayx + by + e, =0

If 0 is the angle between these lines, then from the formula

by —ayby

ayay +hyby

[ the lines represented by (1) and (2) are parallel then 8 =0, i.¢. tan 0 =tan 0 =0

i
ayay +bbs

A1)
el 2)

tan 6=% sl 3)

tan 0=+ =0=ab) - ab,
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%

@
P 4 _h
dz by

i.e. in equation of parallel lines the coefficieats of x and ¥ i TWO equatio,
Proportional. Hence, tlf:jojaﬁicients of x and y in two equations can be mad%q:
by multiplying them by some suitable number. .

Hence, we can say that the equations of parallel lines dlffer by constants,
if the equation of one line is ax + by + ¢, = 0 then the equation 9fpa_ral]e[|im.l%
+by+, = 0. The value of ¢, can be-found from the conditions givenin the projy

5.16 Condirion for Two lines TO be MUTuAY,
perpendicular

Case 1 : When the equations of the lines are given in slope form,
Let the equation of line in slope form be
y=mxt+e T e “}

y=mgxte 0}

m—m
If O be the angle between them, then tan 6 = £ [Hmlmj

If these lines are mutually perpendicular,’
then 8=90" ietan®=tan90°=<
1

Hence, I+m,m2=00rm]m2=-]wm2=—;|

Hence the product of slopes-of two perpendicular lines in ~1. The slope of the
line perpendicular to a given line is obtained by taking the reciprocal of the slope of
the given line with changed sign.

Case II : When the equations of the lines are given in general form :

Let the equation of the line in general form be

apx+by+e =0 )
ax + byt ey =0 )
we know that if 0 is the angle between the lines, then -
aghy ~ayby
aydy +byby
If the lines are perpendicular then 6 = 90°

tan 0=+

14
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. M] b -ah
B *[a|a'2+b1.52 Mm_ia]ag+blbz
of aydy +bhy, =0

Nnu:‘[‘beslop&ofrhelineax+by+c=uism1;_ % thenﬂ:leslopccfa

icular line = !‘,‘
perpend a
. ‘The equatiori of the perpendicular line in slope form
b
Ji=._;(x)+).
ay=!;r--+_a;k
bx —ay +ah=0

bx—a_}"l'l:] =0
Where ¢, = @A which is the equation of a line perpendicular to ax + by + ¢ =0.

5.17 Eouation of a line passing through A given poiny
and Making a given angle with the given line

LetP(x],yl)beagivmpcintandABbeagivmiinemakinganngMﬂlx-
axis.ldPQandPRbemolhmwhichpassﬁmughPandmakB&ngivmmka
with AB. Let PQ and PR make angles ¢, and §, respectively with x-axis.

». Equation of PQ is Y
y-y=tand, (x-xy) wei{1) w
Equation of PR is

y-y1=tan¢2{x—xl) ..... (2)

Now the equation of the given line AB is ;
y=mxte

when m=1tan 8 and ¢ =0T X'h il

Also AB makes angle o with PQ and PR i

In AAUQ and AAVR, 4

& =B+aaud¢2=3+(130-0'-]
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tan 0+ tan o
Henee, tan ¢, =tan (0 + o) = tan 0= 'l_" tan Otan o
m + tan & o
v 0= | miana 4y
or iznen.=rarl[0+(13{'r—(ﬂ]:mlwﬁ“*m‘m}
tanf-tandt _ m-tano
Hence tan ¢;=tan (0- = o pana  l+miang 1)

Putting the values of the tan &, and tan ¢ from equations (3) 2nd (4) in equatiey,
(1) and (2) the equation of the required lines are.

m+ tan o
7 Y = e [ g
¥y=»n 1—mt a("' !] )
m=tana
ar ,V_."']:]_;m_;(x_rl) ----- {6}

5.18 Condirion of Concurrency of three sTRAIGhT ling

If three lines pass through one point, fncyaresal'dtube?omunent. Hﬁ_:rma,ﬂ.e
point of intersection of any two lines lies on the let the equations of three lines be

ax+by+e=0 L 0]
agx + hoy +63=0 —
agx+by+e=0 L {3

The following methods are used to find the conditions of concurrency.

First method : We solve the equations of any two of the given lines to find the
coordinates of point of intersection. We then put these coordinates in the equation of
the third line. If the lines are concurrent the coordinates of the point of intersection
will satisfy the equation of the third line.

-+ The coordinates of point of intersection of (1) and (2) are

[blf"z —bot) o -0pq J
ayby ~ axh; " ayby - aghy
These coordinates will satisfy equation (3) if

hop b | (ﬂ;ﬁzﬂ_q
9\ ayby —aghy ) * %3 ajby —aghy | * =0

15
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je itay (byey = byey) + by {(,-Igz =€) + ¢4 (ay b, - ayh) =10
Hence, @(by¢3 - bycy) + b, (e85 - cyay) + c\fazhy - azhy) = 0
s the required condition - ) g
This condition can be represented in determinant from as -
a b g
a b ] =0
a b oo
second method : The three lines will be concurrent it they pass through one
Fm'mgay {x,,J-’|l
« The point (x, 1) lies on all the three lines, hence it will satisfy the equation
Hence ayx + by +¢, =0 4
agey +byyy +6;=0 (5
agky +byyy +e3=0 (6)
Eliminating x,, ¥, from equations (4), (5) and ()
aq b q
a b gl
a b o
which is the required condition.
Third method : If we can find three constants p, g, r such that for all values of
xand y )
playx + by + ¢;) + glayx + bay + ¢5) + 1 (ayx + by +e;)=0 )
Then the three lines are concurrent because in such case

X + bay + 03 = —-?[alx+ by+e))- %{az.v+ by +c3)  L.(8)

If the point of intersection of first two line is (x,, ¥,) then
ayx) + by +c¢; =0 and ayr) + boyy + e, =0
Putting (x,, ¥;) in equation (8)

P
g%y + by +oy=— %(“'m topl+e) = Tl Hhyy +e)

2w Lwy=
g | - =0
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Henoe azx, +b3y1 + c,'J=0

From this we conclude that the point of int
the line (3), Hence the lines are concurrent.

ersection of lines (1) and (2) lieg o,

Ilustrarive Examples

; c+p-T=0
B Example 1. Find the angle between the lines 3x + ) and x +
-9=0

Solution : The slope of the given line 3x +y - 7=0

coeff.of x 3

m==coeffaf y |
Similarly, the slope of the other line x + 2y + 9= 0 is

coeff of x 1

M= coeffof y 2

Let 8 be the angle between the lines.

=3 =3+
Hence, tan 8 =2 14 mymg TETR () =4
Hence, tan 0=-1and1
tan & = — tan 45" and
and, tan 0= tan 45
5 6=135"and 6 =45"

® Example 2, Find the equation of the line passing through the point (1,
1) and parallel to the line 3x — 4y = 7,

Solution : First method : Equation of line through (1, 1) is

y=l=m(x-1) R (0
The slope of the given line 3x - 4y=7 (2)
‘ _ coeffofx 3
’ ™ oy " )
Lines (1) and (2) are parallel
3
m=mi=z
Putting value of m in (2)

16
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y—l=E (x-1)
4

o 3x=dy+1=0
which is the equation of the required ling
Second Method : Equations of a line parallel to the line

- dy=Tis3x - 4y=), w1}
wWhere A is an arbitrary constant
This passes through (1, 1)
Thas, Ixl-4xl=i= a=_)
m;hevaiueoflin(l),ﬁx-4y+l=0
Which is the equation of the required line,
® Example 3. vaethuthelingst-y+9=ns.nd4x-zy-3=Oare

parallel.

Soluﬁqn:Equatimofﬂrstijneisix-y+9=0whosesiopeis

coeff of x

_cae,faf}r =3 1)
similaﬂy,cquatiunofutherlimis%x-Zy—8=thmeslopeis

m1=

coeff of x
Tcoeffofy =2 .. @
Hence my = my

Thus the slopes of the two lines are equal. Hence, the two lines are parallel.
: B Example 4 : Find the equation of the line which passes through the
point (1, 2) and is parallel to the line joining the points (4, -3) and (2, 5).
Solution : The line with slope and passing through (1, 2) is
y=2=mx-1) (1)
Slope of the line joining (4, -3) and (2, 5) is

w1 5-(-3) il
" np-x 2-4
The line (1) will be parallel to the line joining (4, ~3)and (2, 5) if
m=m,
=_4
Putting the value of m in equation (1)
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y-2=-4G-1
ar 4I+:|,*_6:{]
Which is the equation of the required lin¢.

. ing throu .
B Example 5 : Find the equation of the e .rn " .

(3, —4) and parallel to x-axis.

Solution : 4)
First method : Equation of a linc through (3~
i yed=me=3) =

We know the slope of x-axis m =tan 0=0. putting the values of m in eq (1), ,,
get
_p+4=0(x43)
y+4=0
y=-4
Second method : _
Weiumwthanimequmiunofalincpaﬂﬂdmx'ﬂjs”dmadmwvtis
y=c . «{1)
“This line passes through (3, ~4). Hence — 4 = c. Putting the value of ¢ in ¢q (1)
we get the equation of the required line as y = -4
ﬂExampleﬁ:Prwethat!helhesh-y+9=ﬂsndx+2y-‘}'=om
perpendicular to each other.
Solution : The slope of the line 2x—y + 9 =01is

coeff.of x o s ;
™ coeffafy =T D o
Similarly, slope o the other line x+ 2y -7 =0is
- gL @
" coeffof y 772

We know that if two lines are perpendicular if product of their slopes is - 1
Here my xmy=1 % ()= |
Hence the given lines are mutually perpendicular,

B Example 7 : Find the equation of line passing through (3, 2) and
perpendicular to the line y = x.

Solution :Mequaﬁouofaiirlethrms}.memm (3,2)is(y-2) =m (x-3)

17
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e is the slope. The slope of the given line x — =
¥
V i of the line perpendicular to the fipe
1
me-""= —
m |
puting the value of m, we get the equation of the required line
y-2=- lx=3)orx+y-5=9¢

@ Example 8 Find the equation of the perpendicular bisector of the
oo joining the points (2, 1) (4, 3)

sd“hon : The slope uf‘linejoina'ng the points (2, 1)and (4, 3)

-1
rJJ'sm5= —'E =1

_2Th ~]
R =
slope of is perpendicular line
1
m=-—=_)
}?11
l.f(rp'yl)bethe middle pointoflinejaming (2, 1) and (4, 3) then
. _2+4 143
1 3 ’yl‘_z-
x =3,y =2
Hence, equation of a line with slope -1 and passing through (3, 2) is
L y=2=-1(c-3)
x+y-5=0
Which is the required equation.

B Example 9 : Find the equation of the line joining the point (2, -9) and
the point of intersection of lines 2x + 5y — 8 = 0 and 3x - 4-35=0

Solution : Selving the equations 2x + 5y — 8 = 0, 3x - 4y - 35 = 0 the point of
intersection is obtained as x = 9, y = -2

_ Now the equation of the line joining the given point (2, ~9) and the point of
intersection (9, —2) is

y 9= 2 x-2)

=2-(9
9-2

o x-y-1=0

Which ig the required equation
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§ B Example 10 : Find the coordinates
Tom the point (2, 3) on the line y = 3x + 4.
Solution : The equation of the line is p=3x+4
y-3x-4=0
Equation of a line perpendicular to this line is
x+3p+A=0
According to the question, the line passes through (
2+3x(@)+i== A=-11
Putting the value of A in equation (2)
x+3y-11=0

of the foot of the F’erpeﬂdicuhr

2, 3), Hence

37
andy= 79

on solving equation (1) and (3) x=- 10

A ﬂj
10710 )

O Example 11 : Find the equations of lines passing ﬂ'fﬂﬂzh_tht point gf
intersection of lines 3x — 4y + 6 = 0 and 4x — y - 5 = 0 and cutting off equy
intercepts from the axes. [R.U. 2013

Solution : The equations of given lines are

Jx-dy+6=0anddx~-y-5=0

Their point of intersection, is x = 2 and v = 3. We know that the equation of the

line in intercept from is
=
a " b .

According to the problem the intercepts on the axes are equal (say @). Hence,

putting b = a in the above equation. '

The coordinates of the foot of the perpendicular are [

@)

x ¥
£ g
a b

Tlllslmepasm!hmugh 2)
a=5
Hence from equation (4)
x+y=35
Similarly putting b =-a ineq. (1) we get
X-y=a

lorx+y=a

18
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. This also passes through (2, 3) hence ¢ = -
., putting in equation (6)
—y+ =0
W*ﬂie equation of the required lines are
x+y=Sandx—y+]=0

g Example 12 : Find the angle between straight lines
Jx+y+t12=0andx=2y-1=9¢

Golution ms'm()fﬂmsl"ﬂlhmh‘+y_?=g
mom 2 3
1 _ﬂﬂeﬁ.ofy=-_
smm}y_thes]cpeoftheemerljnex+zy+g=gis
’ mﬁﬂfx l
™27 coeffof y =
Let 6 be the angle between the lines,
o
L+mymy =
tan@=- 1 and |
0=135"and 6= 45°

l Example 13 : Find locus of the point which has distance 6 from the
[R.U. 2016]

[R.U. 2015]

-3+
* WO

Hence, tan 8=+ =4(-1)

Henﬂer

/S;lautan Let given point be P(ct, B) and other point is Q (3, 7)
1 PQ=6 = PQ2=36
= (a-3P+(PB-77 =36
= o2+p-6a-14p+22 =0
.. Locus of (o, B)is x2 +y2 - 6x - 14y +22=10

Exercises 5.4

I. Find the angles between the following lines :
. @ y=2- Bx+5andy=Q2+ FBx-7
| i) v-3x+5=0and4x+ Sp+8=0
T AT JEISCA o i
IM)a+b Ll =z =1
1. Prove that the following lines are parallel.
(i) 2y=mx+ Cand 4y = 2mx
| i) xcos ot +ysino=pandx+ytana=5tana
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3. Pmmm]mmﬂmmk+jy+7='Cland5J.‘—4}'—11=()
"Mutually perpendicular.
4. Find the equations of lines which
@) Passesﬂrrough(mi}andispam]lcltadveﬂmz‘fsy_5=0
(i) Passmhroughu,2}anﬂisperpmdiwlmmthelm4x+_3y+3fo
(5 15 parallelto the line 2 + 5y = 7 and passs through the middlc point ogy
line joining the points (2, 7) and (-4, 1). ' .
(i")d.ividesmelinejoiningmepoinm(—‘i,'T]allﬂ[-"—“}mﬂ"’m“ﬂ"-751161'3
Perpendicular to this line. . .
5. Thewmmofauim}em{o,0),(4,-6)and(1,-3?-"1_"d““1““{°nsaf
wwmimmmﬁmmmwmmmmewwmmmwe,

6. Find the equation of the perpendicular bisector of the line segment joining g
points (2, -3) and (-1, 5).

Basic I*f.lm:Hlam«nQa

. XY
7. Findthequaﬁonofﬁlelmewhichisperpendicula:wﬂ:clm;—s =1 from
mepoimwheretheljnemeelsﬂlex-a:ds.
8. Fmdﬂaeequationoftbelincwhichispnrallenothellneh+3y+il=
that the sum of intercepts made by the line on the axes is 15.
9, meemmofmummmmugh-memm&.—slmdmkingm

angle of 45° with the line 3x - 2y =4,
10. Find the equations of the lines which pass through the point (4, 5) and make
and Sy=12x+6.

0qualanglesw'tthlheline33x=4y+?
1. Findmeequaﬁomofmlineswhi-chpassthrwglnhcpcim[3,—2)andmﬂkean
angle of 60° with the line x + 3y =1.
12, Findmepoimsofinlemaetimufrlwfouowingpajrsof]ines:
() 3x-d4y-7=0and2x-Ty+4=0
() 2x+3y+4=0anddr+3p+2=0
13. vaeﬂ:atﬂ:elhmrcpmsmtedbythcfollomngequaﬁmmoonwm
@) 3x-dy=13;8v- lly=33and 2x - 3y=7
(1) (b+c)x+ay=d;{c+a)x+by=dand(a+b}r+cy=d

an E ¥
@) -+ 5 =k

0 such

2)0nthelinc(4x—3y+5‘,l=0.
I5. Firid the equation of the line pass

ing through the point ofintersection of the lines
y=x+Tandx+2y+5=0

parallel to the line Sx - 2y + | = (.

19
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jd the cquation of the line passing through the poin ofinersection of thelines
6. © j,s?aﬂd}'*zx:?‘ g an angle of 45° with the x-axis.
s Ak

Answens 5.4

/“’——— .. 2
g 120or6” © @tan {-7] (i) 90r
i)

d ax- 3y T=0 (i) 3x-dy+5=0

. @ pn+Sy=18  (W)88x-121y+371=
O x-3y=22, 23y =11

5. .'r'"lby+13=|] Tax+by=¢g2

¢ ﬁ‘+3y_1s=u 9.y+5x-T=0and Sy-x+ 17=0

8. ?;Jysimd‘l’xwtgyf??v

‘?‘Irﬁydg_z\ﬁ =0andx-3=0

1. =

206D (i) (1,-2)

1 1]
4. [’3’5

box=Y

15. 5% -2+ 33 =0
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CP=y

i = {r_';’)z,'"(y—k}z =p
| (x=h)2 + (p - k2=;2

[ . 1y is the equation of the circle, This js

' Circle, Parabola and Ellipgy """ leishaomast

_‘“"-\J DIJ:;; Form
6.1 Circle et Ay, 1) 20d Bz, 3,) be the extremities of a diameter of the cirele,
wp{x’y}ciﬂemntfmmiandﬂ beambnlhzmhm

A circle is the set of all points in a plane, each of
which is at a constant distance from a fixed point in the
plane. In other words, a circle is the locus of a point
which moves in a plane so that it remains at a constant
distance from a fixed point in the plane. The fixed point
is called the centre and the constant distance is called

i ¥y
Slope of lin¢ AP ="~ and Pis,y)
=Bl ¥)
) i
Slope of lin¢ BP = X=X
Huwﬂmuﬁcomﬂlccircleiﬂ"m,3=goo

radius is always positive. Gl s
If Py, Py, P;....are points on the circle with centre | s o ;—i'i = 3
C, and radius r, then ! . 2 (. 3)
CP, =CPy=CPy=.....=¥. | - -y = w-x) 6 -xp)
Equation of a circle is simplest if its centre is at the origin. | (- 111(3 %) + (= 31) & - y2) = 0 Jwhich is the equation of the circle.
This 15 knovn as diameter form.

Standard (or simplest) form ' | i
| Genemal Form
Let O(0, 0) be the centre of the circle and r(> 0) be o) | .
™ We know tlat the equation of the circle with centre (b, k) and radius (>0) is

its radius. Let P(x, y) be a point in the plane, then P lies
on the circle iff (x—h}z+(y—k)2=r2 weal)
OP=r s PHP-2x-W+R+BR-A=0 (ii)
it can be witten as

42 4 2ge + 2+ e=0
where g:—h, f=-kand ¢ = k2 + k2 - 12 such that

= V=07 +(7-0)* =

- T Aepen)

which is the equation of the circle. _ rfl-c=(HP+ (KR -+ R-P)=r>0 (-2 #>0)
This is known as standard (or simplest) form. conversely if we consider any equation x2 + % + 2gx + 2 fr+ ¢ =0 ....(iii)
Central Form | Withg?+ 2 ¢ (>0, then on adding g + /7 to both sides of (ii), we get
| @)+ (P Y re=g+f? :

Let C(h, #) be the centre of the circle and 7(>0) be its radius. Let P(x, y) b3 | |
point in the plane, then P lies on the circle iff D k@@ f=g+fi-c

20
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2
= G- CoR+ 0- e = (Ve + 7]

= Ja-eP +o-CNP =+ -c
= Thedjstanccofthepoim[x,y]ﬁommepoim{—ig,uﬁisaﬁxedposm

reat mumber = (V&7 + 12 ~¢)cx @ +£2- >0 g4 7 g isg

real number)

= The locus of (iii) is the set of the all points (x, ¥) which are at a Constay
distance r (= J33+.."2-C} from the fixed point (~g - /)

= The equation (iii) represents a circle with centre (-g —f) and radiy

Thus, we have proved that the equation x3 + P+ dge+ Ay +e=0 represents

acircle iff @ + /2= ¢ > 0 its centre is (~g, — f) and radius = ng +f% —c . Thisis
known as general form.

Ilustravive Examples

L,@LV B Example 1 : Find

/f{auiins is 4.

Solution : Since the centre of the cirele is
the equation of the circle is
- P+ (-3P =4
(x+2P+(y-32=16
=  Pidx+d+)26p+9=16
= P+ rdx-6y-3=0

—

the equation of a circle whose centre is (-2, 3) and
(=2, 3) and its radiusis 4, therefore,

=

B Example 2 : Find the equation of the circl

@u b e with centre (2, 2) and
ich passes through the point (4, 5), e B
/ﬁ Solution : The centre of the circle is C(2,
P4, 5)

2)anditpassaﬂu‘tught’rwpo&n1
Radius of circle = CP

= -2 427

21
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153
=V = G
. The equation of the circle is
(e=2F+ 020~ (Jif (Central form)
ic.f}y%’;/ xz+y2—-4x—4y_—.5.

mple 3 : Find the equation of 4 ¢ whose Centre is (3, —2) and
passes through the ‘ﬂh_riﬁ_ﬁﬂl_ofﬂlelinesﬁx+?y—‘r3 and 2x- 3y =17.
et By ~(and 2¢ 3y _ 7.
golving (i) and (i1) simultancously, ye getx=2 p=_|
.. The point of intersection, say P of the
gince the centre of the circle is (3,

(i)

given lines is (2, 1),
~2) and it passes through the point (2, ~1).

itradius=CP=.f(g_.g)i_,_(_l.}zlz =f+i=3

: The equation of the circle ig

32+ (y+ 22 = (Ji‘f
ie P2 b dy+ll=g —
8 Example 4 : Find the equation of the circle which passes through the
point (I’:ET-nd has its centre on the negative
radius 5 units,

egative direction of x-axis and is of
\""‘\— = - — L

(central form)

Solution : As the centre of the circle lies on the negative direction of x-axis, let
iscentre be C(h, 0) b < 0, . B

Since the circle passes through A(-2, -3) and has radius 5,CA=5
= 2P+ (0432=52
{h+2?=25-9=16=>h+2=4,-4
= h=2,-6 bt h<0=h=-¢
-‘-Tbe':mtrcofmecirclpis(-ﬁ,()]amhameitsequatimis
e+ 6 + (y ~0)2 =52
ie. 24P+ 12+ 11=0
h.E.‘!-NERS:FmdtheequaﬁonoflhedrchwhhrndiMSWhuumtre
Onjx and passes through the point (2, 3).
S“hﬁl'm:Asmeoma‘cofmechtlcliesmx-axis,laiumebecm‘n).

=

{Central form)
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Since the circle passes through A(2, 3) and has radius
CA=5
= (2 -h) +(3 - 0P =57
= 2-hR=16
= 2-h=4,-4
= h=-2,6
+ The centre of the circle is'(-2s 0) or (6, 0).
The tion of the circle is
- (x+ 22+ (- 0P = 2 or (- 62+ (y - 0F = 5
ie. 2+32 +dx-2=00r? + 2 -12x +11=0

iere are two circles satisfying the given conditions.
[/ ® Example 6 : Find the equation of the circle if the end pointg of 5
“ii}‘b iameter are A(-2, 3) and B(3, -5).
" Solution : Using diameter form, the equation of the circle having 4(-2, 3) i
B(3, -5) as the and points of a diameter is
(x ~(=2)) (x =3) + (» 3} (r =(=5)) = 0
or (x+32) (x=3)+ (-3 E+5=0
or Pox—6+P2+2p-15=0
or PP x4 2p-21=0
B Example 7 : Find the equation of the circle drawn on a diagonal of the

rectangle as its diameter whose sides are the lines x = 4, x = -5, y=5am
y=-1

Solution : 5

D y=3 ¢
Let ABCD be the rectangle formed the lines.
x=4 () ot //
o - I L «
5 l::l.'l] M / I
=5 ® R
¥ {I.D] / 1|
==l 4 (iv) [7]
v=-1 IB
The coordinates of the points A, B, C. and D are s

(=5, 1), (4 - 1), (4, 5) and (-5, 5) respectively.
' Theequa:imufmedraewmtmaagmammmdimais
=650 6 - 4) + ¢ =(=1)) p -5) = 0
or @+5) -+ @+ 1)p-5)=0
ofr 4P tx—dp-25=¢

(Using diameter form)

22

!
CRE, pmommﬁmf A ¢
fixample 8 : Find the centre and the radius of the circle

7 2P -Bx+ 1y 12=0¢

Solution : The given equation can be written as

-8+ P+ 1) =12
Completing the squares, we get
(-8 +16)+ (2 + 10y +25)= 12+ 16 + 25
- (x-42+(p+5P=53

= G- +@-C5)P= (5, whichis comparable with

(x —HP + (y kP =2

155

h= 4, k= -S,and r= J-SE -—_x:lr‘r_‘cﬁ}:'.r_(*
Example 9 : Find the centre and the radius of the circle 2% + 22 = x
] réoiuﬁon:lhcg;ivwequaﬁonishi+2f=x

Hence

it can be written as

x2+y2=-§

e
Completing the square, we get

2. x 1 1
-+ -
[x 2 16}”2 16

2 2
1 1
= [I*ﬂ +y-02= [51 . which is comparable with
(= hP + ()2 =2
Lo i
Here h—E,k—Dandr— 3
1 1
Hmce,thegiwncimlehasoenma(? ﬂ)mitsradiuﬁq

¥ Example 10 : Which of the following equations represent a circle 2°If -
any determine its centre and radius :

B 324324 6r=ap+ ) '
) 2 +32 - 12x +6y+45=0 :
Solution : (i) The given equation is 3x® + 3% + 6x — 4y — 1 = 0, It can be
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Fmd ie equation of the circle whose centre Jigs in the negative direction of y-
e § ¢ at a distance 3 units from origin and whose radius is 4 units.

1 F the equation of the circle which has A(1, 3) and B(4, 5) as opposite ends of
J:2+y3+2x—— —5=0 d eT. :
i i i ints (= 0, —1) as opposite
b ) v g+ 2 +o=0 Fmdmeeq@mofﬂwmmk“mwhhasihepmnrs( 2,3)and (0,-1)
which is comparable with x2 + )? -+ 2gx mdsofam-
2 1 ind the equation of the cir¢le which passes through the origin and cuts off
Here g=1f=- ade=-3 ‘ntercepts —2 and 3 from the coordinate axis.
16 ¢ Findmcequaﬁmufmcnimle%ichpmthmughoriginandpmofhmmepts
gz+f2_c=1+f+%=-9—>ﬂ 9, 3m_gﬁmnﬂ:.e‘cmrdiml.ea:ds_ .
9 10 Find the/Gentrdland the radius of the cirele /
2 ' S 2 2
; i =1, = 1 1 1
Hmmthegiwnmuaﬁmrepreemtsamrclemthmtre[ : 3) (ieh(r/;5)2+@_3)2=36 (ﬁ)[r—z] +[y+§] =1
iy 52+ )2+ 6x + 10y -8 =0 (V)2 + )2 - dx~ Gy -45=0__—
6 _4 ( a
and radius = \fg? + /2 —¢ = o 3 ) 22+ 22 - 3x+ Sy -T=0(vi):2 432 —dx - by=0
I ich of the followi ions nt a circle if so, determine its centre
11/ Which ng equations represe
(ii) The given equation is x2 + y2 - 12¢ + 6y + 45 =0 ; i) asiraiine.
Wb b=t WG 2+ Prr-y=0  @22+pP=5x+Ty+3
Here g==6,f=3andc=45 _ (ﬁ)12+}2+1t+10y+26—l]
3 s |
: g+ -e=36+9-45=0 . | 12. Fmdﬁwaquahmoffhecmie“hosecmmm(Z ~3) and passes through the
Hence, the given equation represents a point circle with centre (6, ~3) ang e 2y-1=0anddx+y-27=0.
R 13. Find the equation of the circle which passes through the point (2. 4) and centre
Exercises 6.1 axmeintmecﬁonofﬂnhne_sf:y=4andh+3y+l?=0,
L Findﬂ:eequaﬁoﬁ of the cirele whose. ' Answers b.1
M Centrois at theGigimand the radivs is 5 units | 1§ @ fegpemm G i)
L/(ﬂ] Centre is (0, 2}andradiusz(iii)Cmtreis{32)mdmdius4 . (i) 2+ )12 +6x—dy-3=0 (v)2+P-2-29=0
() Centre is (1, I}andrachusﬁ(@égme [ Jandradmsl : v) 36&2+36)3-36x-!8y+11=0
| (i) 22+ )2 + 2ax + by + 262 =0 o
1) Centre is (-9, -6) and radius /2 _ 52 [md) ) | 2 242=25 3242 16x+2y+75=0
\/::mfhﬂmaﬁmofacimleuhmmmisatmmmwchmm | 4. 52432 +8x-20=0 5.2+ +6y=-T=0 /
mm =5 | 6. 2+ 5r-8y+19=0 T.2+y>+2-2y-3=(
tﬁeequamﬂofaclmlewhosemmns(s,—éjmdwhichpmes A 9.2 +2-3x+2=0
\_/ﬂroughﬂwpomt{s =2). .I 8 2+32+2%-3y=0 2+
4. Find the equation of a cirle owmmm i \_/
oL negative direction of x-axis af a

Wbﬂumtsﬁ'(:mdnm

e

23
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- 1 1 _1‘
0.0 536 (i) [5"5 ]
(i) (-9, -5); 7 )2, 9 J65 4

3 5 a 8] 1 2
) (;'—CJ; % Jio () [} EJ; EW

s 112
) 4

LB i .
L. (i) circle; [_E’ '2-}, ] (i) circle; (9, 1)
(iii) Point circle, (1, —3)zero
1252432 4e+ 6y-96=0
13. 2432 2v+5y-40=10

)

6.2 Parabola

A parabola s the setof all points ina plane 4
which are equidistant from a fixed line and a
fixed point (not on the ling) in the plane.

The fixed line (say /) is called the directrix
of the parabola and the fixed point (say F) is
called the focus of the parabola.

IfPy, P,, P; are points on the parabola and
MIPII' szz, Mng are are Perpendicular to
the directrix then FP) = M P,, FP, = MyP;, J
Fpy = MP; etc. . 'y

The line passing through the focus and
perpendicular to the difection is called the axis
of parabola. The point of intersection of
parabola with its axis is called vertex of

parabola.

The equation of a parabola is in simplest
ﬁmifinsvemismthcoriginanditsaxis
along either x-axis or y-axis l

parabola in The standard form =

Directrix

Focus

To find the eouarion of a
dax,a >0

Let F be the focus, / be the directrix and Z be the foot of perpendicular from F

159

ine /. Take ZF as x-axis with positive direction from Z to F. L_,etOth;
¢t of ZF, take O as origin, then the line through O and perpendicular to Z

CIRCLE' PARABOLA AND ELLIPSE

o the !
- pmn :
Mcomgs y-axis.
Let ZF=2a
Then Z0=0F=aqa
left of O, coordinate of F, Z are (a, 0),
the 0) respectively. Therefore the equation of
:;]mti,a_djrwtionisx=—ai.e.:+a=0_
Let P(x, ¥) be any point in the plan¢ of the
- 1, and point F, and MP be the perpendicular
e i freani B tovthelitie Tithien P fiksca

pﬂmbolaiﬂ:' FP=MP L

= Jo=ar 7 =1

= (- aP+ 2 =(x+ap

=5 Pra-2ax+ P =22 +a%+ 2ax

= ¥ =dax

Hence, the equation of a parabola in the standard form is y? = dax, a > 0, with
focus Fla, 0) and directix x +a =0

Sometimes it is called a first standard form or a right hand parabola.

Some Facrs abour vhe Pamabola y? = 4ax, a > 0

=0 _
S

PG y)

0 Fa X

N x-+a

. The equation of the parabola is
2 Fx, y)=y2 - dax=0 i)
Lo Rx, )= (3 - dax = )2 - dax
= Hx. ) .
The given parabola is symmetrical about x-axis. This line is the axis of the
parabala. -~

2. Focus is F{a, 0) and directrix isx+a=0. . .
3 T‘Impoim[l(o,O}Whﬁememdsofpmbdamwsmepmbohisﬁwvemof
the parabola. It is mid-point of ZF where Fa, 0) is the focus and Z is the foot of

perpendicular from focus to the direction.

24
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4 120, then 12 = 4ax has no real solutions i y and s0 there 1§ 10 point op o
curve with negative x-coordinate i.c. on the left of y-axis.

3. A chord passing through the focus and perpendicular to the axis of parabe, ;
called latus rectum.

6. Length of latus-rectum : Let chord L'L be the
latus rectum of the parabola, then L'L passes
through focus F(a, 0) and is perpendicular to x-
ax1s (as shown in fig,)

Let LF = k (k > 0), then the points L and L’ are

(@, k) and (a, k) respectively.

As L(a, k) lies on the parabola y* = 4ax, we get
B=daxa=k=12a
- Thepoints L, L’ are (a, 2a), (@, ~2a) and length of latus rectum =L 'L =2k =4,

The end points of the latus rectum are L(a, 2a). L'(a, ~2a) and the equation of
the latus rectum is x — g = 0

Four Standard Fomms of The Parabola

0™

Fia, 0) :

—-a

y~a=0_ !

0
; Fia n\;

Main facts about the parabola

25
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S B e e e \
pation a (a>0 >0
Eq Rif et Le‘}lhal)ad (a>0) (a=0)
»=0 ¥=0

x+a=0

Upwards | Downwards
x=0 x=0
X-a=(

X y+a = L‘ a=0
ﬁ @ 0) €00 (0o [0

\eer,____ (0, 0) 0, 0) ©, 0) 0. 0 _1
orans- | da 4 4a 4a }
on of x—a=0 x+a=0 y—-a=0 y+a=0 |

clum

| lptus-rectut .

IlusTrative Examples

® Example 1 : Find the coordinates of focus axis, equation of the directrix
and the length of latus-rectum of the parabola represented by the equation
3?2 = &x.

Solution : The given equation is 332 = §x

8
=3 =

which is the same as ) = dax, So (i) represents a standard (right hand) parabola,
andi[gaxisliﬁalongﬂmx-a:ds,l'lmoex-éixisistheaxisoﬂh:givmparabola.
8 2 2
Also 4a = 3 =a= 3 » therefore focus is [? 'U'] and the equation of

(]

directrixisx+ = =0

el

it 3x4+2=0

8
Leuglhoflatu.smcmm=4a=§

B Example 2 : Find the coordinates of focus, equation of directrix and

the length of latus-rectum of the parabola represented by the equation x* =
-16y. t

WILCH 15 COmpAranie wika X~ = — <ay, d0 1) repiesents a dourwards parabola,
Hence da=16=2a=4
. The foeus is (0, —4) and the equation of the directrix is
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Exercises 6.2
y-4=cs
- f i \
T engthof s ot = 4 = 16 i focus g e engh o T o ch ofthefllowing pzabolas
B Example 3 : Find the equation of the parsbola W ’D)q,n“ L 0 p=8x (i) =-12x (iiii) x* = 16y
directrix x = 6 also ind the length of latusrect® @P=- 1 )Y =8
Solution : The focus of the parabola is F16, 0) and its directriX IS Te line . find the coordinates of the locus of each of the following parabolas.
biex+6=0 i x . (i) )% = -8
lmp&,y)ummmmmepm#ﬁ%“ﬁm’ iﬂhg"“'he (:mxlsl&y (iv)2 = -9y
perpendicular distance from P to the directrix then P parabola =Mp ([fme arabola y* = Px passes through the point (2, ~3) find the length of the
’ = |0 3 atus-rectum. -
= Jx=6) +(y-0)" = 1 mwhof{hefcllmvhlg(ltm?]parabola,ﬁndﬂwooordjnawsoffucus,mso
ion of the directrix and the length of the latus rectum.
= 212+ 36+ =02+ 120+ 36 i (i) 2 = 10x e
= 2 =24x, i P
which is the required equation of the parabola. . ® f-_-gﬁx (ii) 3 = -8x
Comparing it with A= dax, we get da =24 y 2=6y (i) =16y
: i abola with vertex at (0, 6 @ s
® Example 4 : Find the equation of the par Oua | o 2=-0y (i) 3% = dy
focus at (-2, 0). i ion of the parabola with
) e ) ind the equation of the p a
Solution : Since the focus of the parabola is F{-2, 0) which lies on x-axis, gy, | 3 F Focus at (2, 0) and directrix x =2,
x-axis is the axis of the parabola. : ® oty
Also, the vertex of the parabola is at O(0, 0) therefore the parabola is Y REEERE e S e R
. : (iii) Focus at (0, 9) and directrix y + 4 =0
y=—dax, witha=2. | (0, -3) andliectifey =3
- O S ion oftienarabilai (iv) Focus at (0, = EEClEEy=13.
},2_.__4 hil:}z_ 8x I ' Also find the length of latus-rectum in each case.
) =4 x i pr== e int (3, -2) find the length of latus-
® Example S : Find the equation of the parabola with vertex at orign | ¥ ifﬂf‘“ﬁ“&‘;‘eyz S
and directrix the line y + 3 = 0 also find its focus. | T ol isfving the
i is a origin i ! | |0, Find the equation of the parabola with vertices at the origin and satisfying
Solution : The vertex of the parabola is a origin i.e. A : = e )
the point (0, 0). Let F be the focus of the parabola. The F - follovingcondions 0.2) % Uy
directrix of the parabola is the line y + 3= 0 i, y = -3, |~ Poomm@;0) WD .
Therefore, the given parabola is of the third standard x | (i) Focusat (0,~4) (i) Directrix y ~2.=0
form and its equation is x = day, where g = 3 (v) Passing through (2, 3) and axis along x-axis. _
m_equadmmmemquimdpmbolais z ‘ (vi) Passing through (5, 2) and symmetric-with respect to y-axis.
¥=4x3pic =12y, y+3 =0z _ o, s
[ q&/ Answers b.2
The focus of the parabola is £{0, 3) | 2 3
® * | L@ s () 12 (i) 16
f : 8
e ® . g )10 | ™3
i :

26



164

2 () 3,0

g i
) ("- ‘:J

L0 Gopa+ 5025

@20 @5

N
"

)
] (Ev 0)x-axis2t+5=0:m

. V3
- @) 27 0 s xeads; 2e+ f3 =0;23

(i) (-2, 0); x-axis x—2=0; 8

6 @ (G* 2J;Hxi52y+3=0;6 e

() (6, 4); praxis; y -4 =0, 16
9
7 (0,7),@-9:0,42

. 1
(ii) (0- ;J;y-axjs, 3y+!=l};;
8 () »¥=8x38 ()2 =-I12x, 12
(i) x° = 16y; 16

iv)aZ=—12y: 12
4 (1
9, ;J(E, UJ

10. @) y2=2c {ﬁ)x?,.sy

(iv2=_g / (‘,}2}.2=91
b3t )

(iif) 2% = - 16y
(vi) 2% =25,

Basic MaTy, EM"-'ITQE

Anellipse is the set of all points i
- S points in a plane, the sum of i
fixed , : » whose distances from two
ﬁ;ed ;mm-}m; in the pramr_saconsmm and is alwat e he dis!lan( i
ik “""ﬁmdvomt(sayﬁ‘,andﬁ‘)mmm : b
cllipse, 2 foci (Plural of focus) of the

27
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IR ‘
Fy\Py + P, =P, +FyP,

=FPy+ FyP,

id-point of the line segment £
%& the centre of the ellipse. The
8 & g through the foci of the cllipse is
au’d icular to the major axis

ﬁ:‘ll:dnﬁmr axis. The points herc the
is ! wmmthemjormdsmcaugd
AP © e the ellipse. In fig. F, and F, are
‘“‘Sm of the ellipse, O is the center of
12 Jipse, the line 7, is the major axis of
ﬂ‘dwd-.cpoimszllanddzmvertim
WM ellipse the ellipse intersects the minor
”, alﬂ-‘lﬂpomﬁ'i and B,.
The length of the line scgment 4, A, is
led the length of major axis and the
of the line segment B, B, is called
e length of minor axis.
The distance between two foci is by 2¢,
! e length of major axis by 2a and the length
| ofminor axis by 2b.
Thus FF = 2¢, A1A; = 2a and BB, = 2b.
W&mlﬂﬂﬁh“mmjﬂmsimaﬂdmﬂmgﬂlﬁmimi-mra:(iei:
b, As 0 15 mid-point of [}, (OF,

|
MFy=c

EccenTriciTy

¢
Thsratio; is called the eccentricity of the ellipse, it as dentated by e.

c "
e=—ie.c=ea.
a

Thus,
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-_— form X 2
To find the eouation of an Elllpﬁill rhe standard form :‘?""!; 1 x3+ _-*i 3y
- . S O O PO S S
LFy, F, be the two foci and 0 v
the mid-piont of the fine segment /7,7 B,] . ; o 2
Take line 7 1F5 as x-axis with positive - ) Hence, the equation of an cllipse in the standarg from is —+=5 = | with

: : 8
direction from F, to F,. Take O as origin,

origin and major axis along the x-qxi
then the line through O and perpendicular ot i i

to F;F, bocomss thn.ysnsts {uirws in 3 jvis called a first standard form,

Fig.). (- 0) ¥R
Let FyF, =2¢ then F, 0 = OF, =¢, 50 gome Facts abour the ellipse -2—+—;'T= 1

the co-ordinates of F, and E, are (~c, 0) \ )

and (¢, 0) respectively. Let the length of E

the major axis be 24, mequationc)ffht:&lﬂp%isﬂx,y}:£2—+22—-] =0 1)
LctP(x,y)bemypoimnpmofmeoovordimwﬂmr”"“‘P“‘*Oﬂﬂfﬁmu ke

% 1
We note the following facts about the given ellipse.
| B )= Fx ) = Fx, p), also Fi=x, ) = R, y)

The ellipse is symmetrical about both the coordinate axes, and about the origin.

= I'I(I+c)2+(y-0}2 + J(x+c)2+(y—0)2 =2 (usingdislancefonnum TIIm,ﬂ,,wujpmissyl:rm'u:trinalaboutI:u:thr.r'najc!ra.vlcisamil:m'ny:uaxis.
As it is symmetrical about origin (0, 0) so origin is the centre of the ellipse.

f 2 =9 _ 2%, 2
RIS SR il 2 wasdiofmajoraxis=A1A2=2aandlmgmormimraxis=3133=2b
:&[x~a]2+y2=4a2+(x+c2}+y2—4amfsquﬂmlsb°ﬂlsidu} | mpomfsAI(-a,O)anddz(a,(l}amthgvnrucesoftheelllpse.

and only if
PF, +PF,=2a

3. The foci of the ellipse are 7, (~c, 0) and F(e, 0), where ¢2 = g2 - 52,
=-2ex=4a’ +2cx - 4a Ylxre)? 4 p? LT 2 2
- | ¢ Another form of the ellipse is b—z+f?=1 where a >
= 4a \Jx+o)? +y? =da® +dex
i —_— Main facts about the ellipse
= 1{(x+£)z+yz =a+§x | ; x_2+ﬁ=l £q+_.;=1
Equation 2 B B o
2 a=h=>0 3 a>b>0
= P42+ PRty Z+ 20 (squaring both sides) | | Centre 140, 0) 0.0
| Major axis lies along | x + axis Y —axis
2 Length of major axis | 2a : 2a
= l'a—z' Rt R =gl 2 of minor axis | 2b 2b
Foci (=<, 0), (. 0) (0,-¢). (0, ¢)
#-2 2P Vrtices (4,0),(a,0) (0.-2). (0. 3)
= PHP=g? 2o = = Length of lactus 2 2’
a y CAr =R | otum 32—— g

28
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68 i foci Tengths of maj
i ordinates uh[ ) ﬂle\e_l!.g . i
® Example 1 : Find the co b o e |
minor axis, latus-rectum and the eccentricityy ip N |
the equation 4+% + 9yt = 36 ‘ . |
Solution : The equation of the given ellipse & \
a2+ P=36
2
£ K

it can be written as -9—‘*4 :

5

0|

g .3 [
ith =5+ = i s an ellj
which is comparable with e +b2 1, so (i) represent pse of gy

standard form.
Here A=9=4=a=3,b=2
we known that o= 2 5% = Jo—a =45

- The coordinates of foci are (¢, 0) and (c, 0) re. ["E' 0] and (‘E- ﬂ].
The coordinates of vertices are (-a, 0) and (a, O)ie (-3, 0) and (3, 0)

Length of major axis =2a=2x3=6
Lﬂigﬂtﬁfﬂliﬂﬂfﬂﬂ's =2h=2=2=4
22 2x4 3
Length of latus-rectum == "8 3
o e 4
Ewentl‘l(my=a—=—3—

B Example 2 : Find the coordinates of foci, the vertices, the lengths of
major axis, minor axis, latus-rectum and the eccentricity of the ellips

represented by the equation 4x% + y2 = 100
Selution : The equation of the given conic is 4x* + y* = 100.

2

2
Which is comparable W:Iﬂl;“"j—i = 1, so (i) represent an ellipse of second |

standard form.

Here @=100,2=25=a=10,b =S5,

Basic MAmEM,mQE | CIROLE! PARABOLA AND ELuipsg

=1 . e

29

169

we kaow that =N -8 = 5635 = T = 53

mmrimmsafﬁ)cial'b(ﬁ,-c]and(ﬂ,;)j_c_{g__.sﬁ)and ©, 5/3).

The coordinates of vertices are (0, -a) and (0, a) ic. (0, ~10) and (0, 10).
Length of major axis = 24 = 2 x 19 =29
Length o minor axis =2b =7 x 5= 19

752

Length of latus-rectum = <2 _ 2%25 _
a 10 :
Ementricny=£=:"_"§=§
a 1w 2
® Exemple 3 : Find the equation of the ellipse whose vertices are (£6,
B],ndﬁiﬁm(*‘isﬁl-
Solution : Here the equation of the ellipse can be taken as
x?
2@ e @

As the vertices are (£6, 0), so @ = 6 also ¢ = 4. We known that b2 = a2 — &2 =

; 2
§ - 4% =36 — 16 =20 from (i) the equation of the ellipse is -:%-l--';—u =1
8 Example 4 : Find the equation of the ellipse whose foci are (0, +6) and
the length of the minor axis is 16,
Solution :ShoethcfociofﬂwdlipsearcFl(ﬁ,-é)ansz{ﬂ,ﬁj which lie on y-
wxis Hence the equation of the ellipse can be taken as.

2
bfz‘*i—zﬂ i)
Here =6
Also, the length of the minor axis is 16
ie.2b=16=2b=3%
Welnow that B=a2-2=8=a>-6=42=100
from (i), the equation of the ellipse is §+%=l.

nEnmpIes:ththeequaﬁnnoftkedlipuwithtentrentnrigin,
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s 3
Major axis on the x axis and passing through the points (‘-:,r a:dnnd (6, 3,
B = T 5
Solution : Since the centre of the ellipse is at origin iy ——

Basic MATHEW%
§

,
50 its equation can be taken as
£ Jﬂz
a—z""F'El """ ﬁﬂ
As the cllipse i) passes through the points (4, 3 and (6, 2)
169 :
B ol
36 4 |
and s (i)

Solving eq. (ii) and (jif).we get
5?=13 anda® =352
. The equation of the ellipse is
xz

" O
—_— == + 4y =5
52+"13 lie. @2 +4P#=52

Exercises 6.7

; |

1. Find the length of latus-rectum of each of the following ellipse. |

o N |
1) E+‘§__i (i) T+E—

2. Find the eccentricity of each of the following ellipses. : ‘
] %+%:1 (ii) 3% + 92 = 24 |

major axis, minor axis, latus- |

In cach of the ellipses represented by the following (5 to 9) equations find the
coordinates of foci the vertices the lengths of
rectum and the eccentricity,
3. Findthelmgthsofmjoraxisandnﬁmra:dsofmhdfthc-foﬂmingelﬁpm |
(i) 42+9%2=36 (i) 42 + 2 = 100
4. Find the coordinates of the foci of each of the following ellipses.
o :

2 2
0 2 o )_’2_:
59 of i

30
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2 i_] xR
" (i) .i-s--l- 9 i (ll) -3_6+_l€_)=i
o O gy? + % =36 (i) 16x2 + 2 = 16
. L Dl
.0 2% s el
. 0 432 + 32 =400 (i) 922 + 42 = 36

o 0 o2 + 167 = 144 (i) 1622 + 92 = 144
10, Find the equation of the ellipse whose.
(i) End points of major axis are (3, 0) and of minor axis are (0, = 2)
) Endpoi_ntofmajuraxism(ﬂiﬁ)andofmiwam(tl,ﬁ].
11. Find the equation of the ellipse whose.
(i) Vertices are (& 13, 0) and foci are (5, 0)
(i) Vertices are (+5, 0) and foci are +4, 0)
(i) Vertices are (0, £13) and foci are (0, +5).
12. Find the equation of ellipse whose:
(i) Length of major axis is 26 and foci are (+5, 0)
(i) ngﬂ:ofmajorwdsislﬁanﬂfodm[ﬂ,ﬂ).
3. Fmdth; equation of the ellipse whose foci are (+3, 0) and length of semi major
axisis 9.
14. Pmdﬁm&qumofeﬂipsewhosemeisamﬁgin,fmimx-axis,d-istanocof
a focus from centre is 9 and length of semi minor axis is 3.
15. Fhldﬂnequaﬁmofdlipaesaﬁsfyinsthefouwingmdiﬁons:

(i) Vertices at (0, £10) e = %(i.i}Foci at(0,£4),e=

| £

(iii) Foci at (3, 0) passing through (4, 1),

Answers 6.3
9 8
L@ 3 @3
. A
2 @ @
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LM 64
4. @ (va, o), (-1, o)

18 4 .
50 (@4,005,0:10,6: 5,5 o

(ii) 20: 10

@ (o 1) -5)

1245, 0); @6, 0); 12; §;

_ 4 12
6. () (0,%47) (0 #6% 124 3.3

M (0= f15): (0x4):8 2

1) (13,07, 0); 14;

8
@) (0% 3% (0,255 104 5,

8. @ (0,£103); (0,20);40;20; 10; %:(ﬁxﬂ,*ﬁ % (043); 6,4, -2-; fi
3

9 () &7, 0); (24, 0);8;6;
(@) (0, =7); (0 £4)8; 6;

. B
Iu(lj @+m=l

_ 2 2

() —+= =
144 169

yz

“- (I} '%2"'"—"—- = |

2
12. () %3:,1% i

2
13. %ﬁi:J

. xR
150 =+& =
® %tim-!
_ P g
e

1|
e
1 i3
B 3T
A
5
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Quadratic Equations

7.1 Quadratic Polynomials
_—

Apmmnh!sufdegree2iscauadaquad:aﬁcpdmmﬂ.mgmﬁﬁifﬁm°f
p poi}:nonnﬂ]lsmz+ﬁr+c,wherea,b,cmrealnmﬂbﬂrsuChthaId#
Omdx-wavanﬂ.ble.

The real numbers @, b and ¢ are known as the coefficients and are also known
gs the real constants because they arc fixed and do not depend on the values of
variable x.

Some examples of quadratic polynomials are -

0 22-3x+4 @2- Gz +1
(i) &+ 9 (V) 2,2 +x+3
W S +2x-7.

We will denote as quadratic polynomial

@ + bx + e byp(x) ie. pl) = ax? + bx + ¢,
VYalue of & guadmaric polynomial

Let p(x) = ax® + bx + ¢ be a quadratic polynomial and let ¢ be a real number.
’nm,aaz+b{l+cislmomasﬂaevalueofﬂ1equadmﬁcpolymmialp{x)andltis
denoted by p(cs), i.c., -

P(0)) = a2 + bo + ¢, '
. Example ; the value of the quadratic polynomial P(x) = 222 — 3x +
atx =17

Solution : We have,

P(x)=22-3x+5.
P =2 x IR -3 x (1) +5=2+3+5=10
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Zeno of 4 ouadraric polynonial

A real number
ifp(a) ={.

ﬂiscalledazcroofaquadmﬁcpolynomﬁﬂlp{x)=ax2+ﬁx+o‘

Thus, a zero of a quadratic polynomial isth«:w.a}uennt‘th;,*w.ria‘::lai"m-'-vlne,h_ﬂIc
value of the polynomial become zero.

0 'a]
Example : Show that 2 is a zero of the quadratic polynomi

p[x)=11+x-6.

Solution : We have,

Hence 2 is the zero of p(x)

7.2 Quadeari

plx)=x +x-6. )
pO) =22 42-6=4+2-6=0,

c Eouarion

If p(x) is a quadratic polynomial then p(r) = 0 is called a quadratic equatioy,

The general form of a

and a #'0.

quad:aticequati.unismz+bx+€=u'“"hffea,f'.ceg

Roots of guadratic eguation

Let P(n) = 0 be a quadratic equation then the zeros of the polynomial p(x) are
called the roots of the equation p(x) = 0,

'!‘hus,x=aisaroo:c-fp(-::]=ﬂifandcrﬂyifp(n)=0-
Example 1 : Which of the following are quadratic equation ?

() X -6x+4=

Gk 2
=

f_(v}.@-r 2.5x3=

Solution : (i) Let
clearly
Therefore

>

(ﬁ)ltz—?xisaq
equation.
(iif) We have,

0 (2e-Tx=0
{iv)x2+§=;_/

()32 —dx+2=22_2x=4
plx) =x% - 6x + 4. &

=0

p(x)=x2—6r+4isaquadrmicpob'nomial.
12-6x+4:(]isaquadraﬂcuquaﬁm_ ;
uadratic polynomial. S, the given equation is a quadratic

32
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X+ — =32
£ 43
= e
=

R+3=Pusd P 3mp

dlearly, x* = =3, being a polynomial of degre 3. is not a quadratic polynomial.
go that given equation is not a quadratic equation,

=
Clearly, ¥ - 222 + lisnota quadratic polynomial. So, the given equation is not
a quadratic equation.

(v) Clearly, * + 2. -3 is not a quadratic polynomial because it contains
wminvol\ringx""‘vdwrc%ismtaninteger, So, the given equation is not a quadratic
squation.

(vi) We have,
W -dx+2 =222y 44

= P-w-2=0

Clearly,® ~2isaquadratic polynomial. So, the given equation is a quadratic
equation,

_ 2 :Hx=2and x=3 are roots of the quation 3x2 — 2kx + 2m
8, find fhe values of k and m. ' ; j

Solution : Since x =2 and x = 3 are roots of the equation 32 - 2ke + 2m = 0
4 3x2-2%@)+2m=0and3 x 32 x 3 +2m=0
12~ 4k+2m =0 and 27 - 6k + 2m = 0

12 = 4k - 2m and 27 = 6k — 2m
Solvingthesctwaequatims,weget

=

=

15
k= 5 andm=9.

. Exercise 7.1
L Wﬁchnfﬂnfoﬂcﬁugmqnadsaﬁc equations 7
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) R L il
) :3+ex_4=‘/u (i) 3" -2+ 375
By e L s Bl
Til) x= + 2 =5 (iv) x - @

@ 22- fy +9=0" ()2-2-Jx -3=0

2. In cach of the following determine whether the given values are solutiong of the
given equations or not. {‘ﬂ-ﬂE uwu,.g""
(@ 2-3x+2=0x=2 x=-1 MW;
@) - W3 x+6=0x= JE.x=-2.J-3.

@) 2 +x+1=0:x=0:x=1

3, Hx= % and x = - 3 are the roots of the equation ax” + 7x+b = 0, find the vy,
j\ of aand b,
/

ANSWERS

L (@, (i)
2. (i) r=2isasolution butx = -1 is not a solution. .
(i) x= /3 isa solution butx =-2 /3 is not a solution,

() x =0 and x = | are not solutions
3. a=3,b=-6

7.7 Solving A ouadratic eouation by Factorization
merhod

I;el?heqwdmﬁcequaﬁonbeaﬂ+bx+c=ﬂ;a=0. Let the quadratic
demﬂme+bx+cmnbenprcssaiasmnpmdmﬁ:ofmﬁnearﬁcwssay

[px-l-q_}and(rx+s)wh¢:rcp,q,r,smreelnumberssuchﬂaatp?ﬁandmﬂ.m
a +bx+¢=0
= (px+g) (+5) =0
=

Px+g=0orm+s=0
Spiﬁngﬂ:eselmequaﬁon,mgetﬂm

. possible roots of the given quadratic

33
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4 5
X=_= .
pa-lldx S

Following cxamples will illustrate the above procedure for solving quadratic
ﬁugﬁcns-

Ilusrrarive examples

@ Example 1 : Solve the following quadratic equations by factorisation :
—xe-2A =50 (i) 92-3x_2=9

[ i

Solution :

(i) We have,

¥

82 -2x-21=0 —
_ = 82~ 28x+6x—21 =0

= 42 -7 +3(2e-7) =0
| =
=

(2x=T) (dx+3) =0

L-T=0ordx+3=0
7 3
= x=Eorx=—E
(ii) We have,
92 - 3x-2=0 /"
| = 932—61:+3I—2=0
| = x@Bx-2)+(3x-2) =0
i Bx-2)+ 1(3x + 1) =0
= Ix-2=0or3x+1=0
2 1
= x=§ m'.\:=—-§
(iii) we have /
24bx+5 =0
= 2+ 5+x+5=0
= ¥x+5)+ lx+3)=0
= E+5)E+1)=0
= x+S5=0arx+1=0
= x=-5orx=-1



BasIC MATHE o EQUATIONS
178 Marey ' QUAP“‘m ' 179
-] Exnmp]e 2 : Solve the fauowing quldrﬂﬁc E(lllations b}' ﬁll‘-tﬂﬁsﬁﬁqn I = I=4, x=4
method, '
’ 5 =0 Exencises 7.2
i) a2+ g g 2 4 J0x+ T3 = . )
;B ; 22x -6=0 (M _ s"mmg fo]lowmgquadrallcequaumbymﬁmim:
lution : We have, . 4x2+5x50 292-3x-2=g
2+ 22x - 6=0 ' ; g2-x-2=0 462+ 1lx+3=0
= P43 fr- Gx-6=0 5- s2-3-2=0 6.48¢ - 13:-1=0
) 3:9“1“'13:0 8. Bx(x+1)=-4
=x(x+30)- 2 x+342) =0 | *
’ L 8 023
= (r+3J5J(x—J5)%0 | g 105-% 7 0. £~ =0 «.ju
= x+ 37 =0orx- g =0 | 1 4 fR+5x=2B =0
j x==3/7 orx=.2
(i) We have Answeas 7.2
S2+10+7.3 =0 g-é' s .2_, -1 3_39_1
= BR+3k+7x+7.5 =0 3 1 5 2 § 1
S i ==, ] 6 ——, =
4= s
= Bxr@+ B)+7x+ F)=0 i # i ' 116 13
= 2 8 -=,- = ==
= o+ ENEx+T) =0 -3 'S i
= + - 7 i 1L ﬁ ’
x+ .3 =00r Bx+7=0 102,75 e

= =- =-7/ . : =
x=-\3 orx=-7/\3 7.4 Solving A Quadraric Eguarion by the Merhod of
B Example 3 : Solve the following quadratic equations by factorization

method Complevion of Souares (Shridharacharya’s

(_/"/-‘L%“ )R -ac+16=0 Rule) - :

Solution : (i) We have,

Consider the quadratic equation ;
2-9=¢0 a? +bx+c=0,a%0 weai)

= (x=3)(x+3)=0 b ¢ . ;
= x-3=0orx+3=0 = 24 S BRI
= x=3orx=-3 - b ¢
(i) We have, = M o

: -8+ 16=0 _ b (¥ ¢ (2
= r-4P2 =0 = 2+ E)H- [E} -‘-—;’*’[E]

34



2 1
-1 2
[A.ddllls [-—'J 1.E. (2 coeff of %) on bﬂlh 8ig

b s ¢ B
ol B 7] [
= x1+2[2a]x - [Za] s 5F

b 2 B -dac
=5 [K'I-E] = 4“2
¥
N ; .
= :c+2i=i bza m[']‘ajungsquammotf)fhnthsm}
a
b 1||b2-4ac
= e e
-b++b* - dac
= IS —,——
2a
- -l _
" F-&w‘a mmﬁﬂb ]
2a 2a

Thus, isz—--lacgﬂmmﬂwquad:aﬁc&pmﬁonazz+br+c=0hasmro:m
o.and B, given by

- =byb? —dac ~b~\b? —dac
g e
a

The formula given in equation (1) is known as Shri Dhﬂacharﬁ’s rule
Narune of the Roors of A Quadmatic Eouarion

In the above discussion, mhawsemﬂmtbcmotsofmequadmﬁcmﬁm

; +br+c=0,aafﬂaremalif'-§2—4ac:_’0.Thus,isz-dac{ﬂ,theequatim

will have no real roots, FuMmmmibz—Wc:Uthenmemutsmequajor
coincidmandeachbeingeqnaj to-%.

Discriminant ; If ax2 + py +

expression 52 - dac is known as its

¢ =0, a# 0is a quadratic equation, then the
tiiscrin‘dmntmdisdenotadby[).

35
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]lfppuzhmthmmm‘omlanddisﬁnctmots,givmby

(i
i -b+~Jb2-4c < -b+D

2a 2a
f=b=Nb'~dac _ -b-+D
2a 2a

~b 4 b
@)D= 0, then &= -~ = B i.e. roots are equal each being equal to o
{_ﬁﬂu-gco,ﬂmnﬂlemmmrcalrmts.

IllusTative Examples

’F:]-_f,-__xam;le 1 : Write tllll’.‘-Eistrirn'mm of the following quadratic equations.

(i) 32 +2¢-1=0
(iv) 32 -27x-253 =0

@) A-de+2=0
{ﬁi}f"”“"“:u
(v);‘l+x+l=ﬂ‘
Solution : (i) The given equation is

2o dx+2 =0
a=lLb=-4ande=2
& D=b-dac=(4P-4x]x2=16-8=8
(ii) The given equation is

ru-1=0

Hereé,

- a=3,b=2andc=-1

D=8 dae=22_4x3u-]1=4+12=16
{iii) The given equation is

Z-drt+a=0
Here a=1L,b=-4andc=a.

5 D=8?-dac=(4P-4x1xa=16-4a
(iv) The given equation is
3= 2 f3x- 23 =0

a=\3,b=- 23 andC=- 2/

D=8~ dao =l BP 4§ x— G
=8+24=32

Here
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(7= .P (¥ . :
:\ﬁ /% 12 m Q / Dﬂbz_qm=52_4x2,(5=25_40:_15

(v) The gi uation is :
) The given eq SmocD{oﬂmforsmotsoflhegiwnequaﬁcmamnm:sa]

2+x+1=0
a=l,b=1andec=1 g Example 3 : In the following determine. whether the given quadratic

Here D =52 - dac gﬂﬂﬂs have real roots and if so find the roots,
g 1% 5o find the roots.
=12-4x1x1=-3 [ —2=0 i) 222 + 5 =
—— . care of the rootd of the following ¢ (u)/,,*-q (i) Bx+6=0
ample roine ﬂlalk R "
equations : (iii)3xz+2w|'r§x §5=0 (v 2+sx+5=9
(i) 22+x-1=0 (ii) 22 —4x +4=0 (v}35x2+2&t+'?=0
(i) +x +1=0 (iv) 47 - 4x +1=0 | golution : (i) The given equation is 92 + 7¢ _ 2 = ¢
(v) 22+ 5 +5=0 : Here, a=9b=Tandc=_2
Solution : (i) The given quadratic equation is . D=8 -dac=T-4x9% 2=49+72=121>0
22 +x-1=0 i SOmgg;maquauonhasrmlmts given by
Here a=2,b= landc=~i
& D=B _qac=12-4x2x=1=9 u:————__b+ﬁ ='_T+J12_l="7+“_._4__£
3mD>Utbueforemotsuf|hcglvmequaﬂmmr&ﬂlaﬂddls‘mq 2a 2x9 18 18 9
S —
(lI)Thegrmequamms - ﬁ=_b-\‘r§ ="7—JE'._]- - “7-11 B
=Aaritel] 2a 2x9 1 !
e, a=l,b=-4andc=4. (i) The given equation is
: D=p _dac =(-4P-4x1x4=0 o8
SlnoeD ﬂthmforermdﬂmgwmeqummamma]mdﬂual_ +5\Bx+6=0
(iii) The given equation is Here, a=2,b=5.3 andc=¢,
Pix+]=0 5 D
Here a=lb=lande=1 | dac=715-4x2x6=27>¢
: Bt i Pl s So, the given equation has real roots, given by
SmoeD<Dﬂmerafomromsof1hegwenequaHmmmnea] uz—b+-uf'5 543+ .27
(iv) The given equation is i B
2 a 2x2
A —dgx+ | =g
Here, i i i A ~B+43 2 _
.4 © D= 62 4 4 2
Siteni s dac = (- 42~ ~4xdx]l=0 .
ce Uthctefarerootsoﬂhggimeqmmmmmdequal and B=“b-\rf) =—5\E—~J§?
(v) T'begmnmmls : e 2%2
2t2+5x+5=
Here a=2 = y o —5J§“3J§ -
T%0=3ande=5 B B

36



(tii) The given equation is
32+ 2 5x-5=0
=-5
Here a=3,8= 245 and ¢

-5=20+ )
D=1 - dac=(2f5F-4%3* O=g0s, |

So, the given equation has real roots, given by

—b+@- *?.Jg'*'\l{s_d
=%

254l _ 25 _ 5
A - SR 3
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Exencises 7.3 -D-:'._b’l" yal
wiite the diseriminaat of the following quadratic ions, ety N
k a 22 -5x+3=0 (ﬁ)"‘:+?x+4=ﬂ

fﬁ,}(x—l:lm"llﬂ (iv) 059+2J5x~2@=n
;. Detormine the nature of the roots of the following quadratic equations.
i

@ 2_‘,'7'—-3x+4=0 D.-_b'l..uel..f.

@ 32 Zis1m0
and 44PEA

)32 3 Fz42-0

6 . gedhs elup
o-i5 _ 250 @ 2+x+2=0 (i) ,Ex?ﬂm-sﬁ/w/; Pimd
. B=" =" 2x3 i) 32 -2 +2=0 ) 22~ 3 fgx+3=0
_25_4£-=_£ W) 32+ 25x-5=0 M) 2-2x41=0
6 @Fﬁ,dmﬂalueeofkforuhichﬂwmmandaqualinmhofﬁwfollwing
(iv) The given equation is |
2+5p+5=0 ) b2+ax+1=0 @ k- 2 f5x+4=0
Here, a=lb=5ande=5 (i) 32 - Sx+ 2k =0 4+ he+9=0
D=8 _dae=25-4x1x5=5>0 | M2b:3—403+15=“
So, the given equation has real roots, given by ’
Answens 7.3
_6+JE_ —5""\{5
G=—— 3 L@ 1 () -12 (i) 1 (iv)32
2 (i) Not real
- g b=AD _5-45 (i) Not real (iv) Real and distinct
2a 2 {v) Real and equal
(v) The given equation is . 2% . V6 6
2524 2004 7 =0 L) =5, -443 (iv) i i
Here, a=25,b=20 ande =7 5 ' .
D=1~ dac = (Q0P- 4 %25 x7=400-700=-300<0 ) T’_‘E 6.1
So,theg:venequauonhasnomalrwrs. [4 @ 4 (ﬁ}%
. 24 g
-:n)ag (iv) £6 v) 8
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7.5 Solurions of Problems
EgquaTions

Involving Oundl“it i

In this section. we will discuss some simple problems on practical Pplicati,

of quadratic equations.

B Example 1 : The sum of the ir!ﬂre}of two consecutive Batuyy
numbers is 313. Find the numbers. 2y B

Solution : Let two consecutive natural numbers be x and x + 1
2+(c+ 1P =313
22+ 2c+1=313
22 +20-312=0
2+r-156 =0
2+ 13- 120-156 =0
X+ 13)- 12 (x+ 13) =0
(x+13)(x-12)=0
x+13=00rx-12=0
x=12o0rx=-13
Hence, the two consecutive natural numbers are 12 and 13.
B Example 2 : Divide 16 into two parts such that twice the square of t,
larger part exceeds the square of the smaller part by 164.
Solution : Let the larger part be x. Then the smaller part = 16 - x,
According to question

auuunuuug

22 = (16 - x)? + 164
2 (16 - x)* - 164 =0
2+ 32~ 420=0
(x+42)(x- 10y =0
=-42 orx=10
x=10
Hence, the required parts are 10 and 6,

y /’@ Example 3 : The sum of two numbers is 15. If the sum of their
e B
iprocals is 0 then find the numbers,

Solution : Let the required numbers be x and 15-x, Then

0y

Basic Mm-}mm.nq v APRATIC EQuATIONS
g | *

|
1
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L. 4
—
X 15—y

=

Bovig
x(15-x) =75
15 3
*(15-%) =5
150 =3x (15 -

150 =45x 3,2
- 155450 =

2= 10x-5x=50=¢

- 10y =35 (x - 10)=0

(x=-10) (x- 5 =9
¥~0=00rx-5=

i

(IR O O R

of the fast train, find the speeds of two trains,

Solution : Let the speed of slow train be :

mmb‘ytheslowuaintommmo];m:@hm
X
Time taken by the fast train to cover 600 km = m:ums.
x+10
S0 8o
P
i 600(x + 10) - 600x
Mx+l0) O
6000
= —-_— =
T
= 3(:2 + 10x) =6000
= 2+ 10x - 2000 =0
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x2 + 50x - 40x - 2000 =0
x(x + 50) - 40(x + 50) =0

(x + 50) (x— 40) =0

13-500!1:40:'::40 .

Henoe, the specds of two trains arc 40 km/hr and S0km/hr
B Example 5 : A two digit number is such that the product of the 'ﬁEi‘ls

is 14. When 45 is added to the number then the digits are reversed, gy,
the number. )

L e Ll

14

Solution : Let the tens digit be x. Then, unit digit = ~~

14
Number = 10¢+ =

14
and number formed by reversing the digits = 10 x = +¥

14
mx_,_li,:..ﬁ:mxd—-bx [Given)
¥ &

U

14 . 140
10x+ — +ids==—"+%
X X

Oy — %—6 +45 =0

il

92 + 455 - 126 =0

2+5x-14=0

B+ Te=2x=14=0

(x+ T)x-2)=0
x=-Torx=2

x=2

T A

[+ Digits cannot be negative]
, S 14

Hence, the required number = 10 = 2 + 7 =27

B Example 6 : A train travels a distance of 300 km at a constant speed.

If the speed of the train is increased by 5 km per hour, the journey would
have taken 2 hours less. Find the original speed of the train.

39

wmﬂQ-EQUA'ﬂONS

. 189

golution : Let x knv/ hr be the constant speed of the train then, time taken to

300
o 00k = es. Time taken to cover 300 kan when the speed is increased

300
| w5m= mhours,
Awdjngmquesﬁon
300 300
FRET
300(x +5) - 300x
= x(x+5) 2
300x + 1500 - 300x
= L +5x e
= 22 + 10x =1500
= 2+ 5x =150 =0
& o2+ 300 - 25x - 750 =0
L x(x+30) - 25(x +30) =0
= (r-25) (x+30)=0
= ¥=25 orx=-30

. Speed can not be negative so x = - 30 is rejected.
Hence the original speed of the train is 25km/hr.

I} Example 7 : The hypotenuse of a right angled triangle is 6 metres
more than twice the shortest side. If the third side is 2 metres less than the
hypotenuse find the sides of the triangle.

Solution : Let the length of the shortest side be x metres. Then,
Hypotenuse = (2x + 6) metres

And, the third side = (2x + 6 — 2) metres = (2x + 4) metres. By Pythagoras
theorem, we have

(2 +6P =x2+(2x +4)
2 8x-20=0
2= 10k +2x-20=0
(- 10)x+2)=0
x=100rx==2 :
x = 10[Sinee side of a triangle is never negative]

L8 U ul
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. Length of the shortest side = 10 metres: R i -
Length of the hypotenuse = (2x + 6) metres Pl |
Length of the third side = (2x + 4) metres = 24 metres
Hence, the sides of the triangle arc 10m, 26m and 24m. -

x . a man was 8 times a5 0ld as hig o,
e :gf:_:::::;lst; ?h::e s:;e:: r:?::f ::is con's age. Find their preseng ":"s, oy

Solution : Suppose, one year ago, on's ag¢ be x years.

BAsic Mary LI
!

Then, man’s age one year ago § = §x years. ;
. Present age of son = (x +1) years and present age of man = (8 4 y,

e+ 1=+ 1P s |
= ©-6=0 [G“'Ml
= x(x - 6)=0

= x=0orx=6

= x=6

[ age can nmbcum]
So, present age of son = (x + 1) years = 7 years and present age of man = ¢y
+ 1) years = 49 years.

W Example 9 : The product of Kamal’s age five years ago with hig 4,
9 years later is 15. Find Kamal's present age.

Solution : Let Kamal's present age be x year then,
His age 5 vears ago = (x - 5) years.
His age 9 year later = (x + 9) years.
(x-5)(x+9) =15
x2+9x - 60 =0
x2 + 10x - fix — 60°=0
(x+ 10)(x - 6) =0
x=6orx=-10
x#-10s50,x=6
Hence, Kamal’s present age is 6 years.

B Example 10 : The area of a right angled triangle is 600 cm?. If the

base of the triangle exceeds the altitude by 10 cm, find the dimensions of
the triangle.

Solution : Let the altitude QR of right angled triangle PQR be x cm. Then,

[Given)

!

Base = PQ = (x + 10) em.

40
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Area = *‘2 (Base » Height) x P
1
& 00 =2 G+10) {Given)
. * 4+ 10x = 1200
E I2+10I_I200=U xcam.
S A2+40x--30x—1200=u
o x(x+40) =30 (x+40) = PG em. 0
o (x+40) (x - 30) =0
X =-40,30
x =30 [+ side can’t be negative)

PQ =40 em, OR =30 em, PQ =50

Exencises 7.4
—

|, Find two consecutive numbers whose squares have the sum 85.
3, The sum of two numbers is 98 and their product is 432. Find the numbers.

3. Two squares have sides x cm and (x +4) em. The sum of their areas is 656 cm?.
Find the sides of the squares.

4 Find two consecutive natural numbers whose product is 20. .

5. A piece of cloth costs Rs 35, If the piece were 4m longer and each metre costs
Rs one less,the cost would remain unchanged. How long is the piece 7

6. A two digit number is such that the product of the digits is 16. When 54 1s
subtracted from the number the digits are interchanged. Find the number.

. ApasseugertraintakﬁShwslessforajoquyOfBGOhn.lfitsspeedis
increased by 10 km/hr from its usual speed. What is the usual speed ?

3. The sum of the ages of a man and his son is 45 years. Five years ago the
product of their ages was four times the man’s age at that time. Find their
present ages. :

9. The product of Naresh’s age five years ago and his age nine years later is 15.
Determine his present age. : )
10. The product of Mona’s age five years ago and her age 8 years later is 30. Find

her present age.

1. Two numbers differ by 3 and their product is 504, find the numbers.




lz,gsgmo - ! nmtahnmﬂbefﬂfpmns.ﬁad
were divided equally among : o
been 20 more persons, each would have get R 160 less. Find the origing) "“‘t:g:

of persons.

. ANSWERS \\\
L 6,70r-6,-7 2. 36,12 :

3. 16 em, 20 em 445

5 10m 6.8

7. 30 ke/hr 8. 36 years, 9 years

9. 6 years, 10. 7 years

11. 21,24, 0r-24,- 21 12.25

7.6 Relavion berween the roors of A ound.“ic
EQUATION '
———
Lﬁfﬂmsofd}emzadraﬁcequaﬁonarz+bx+c=ﬂ,whﬁeﬁf#0,b,cE Rbe
cand [3, then we know that
1. When &2 - 4ac > 0, then roots are

_ -bivb? - dac _ —b-b? - dac
S e s S
a

=B.

B[

2 %Eﬂbz—“dc=0,thmmmq_=_
3. When b2 - 4ac < 0, then root are imaginary

_ ~btivdac-p? il —p?
R R s T

Nowwehaveﬁoﬁudthnmandﬂwpmdmafmsinmhcase.

Case 1. a+B= 2tV dac b VB -4ac _ b
2a 2a Ta
. o- P )

2a 2a

41
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2a T),
= ¥ _(bz"‘i”") dac ¢
e
Case 2. o+ 3 = [-i}_[_i} — é
2a 24 a
- b)) ¥ 4ac
and aﬁ‘[za][ﬂ]=ﬁz4£=5
[+ 8% = dac)

b —Coefficient of x
a

Sumafmotszaq.ﬁ:_ = oy

il of ¢ Constant term
o el o a  Coefficient of x*

7.7 Formation of a guadratic eguarion From GivEN
ROOTS

We have seen in previous section that if o and P are roots of the quadratic
equation ax® + bx + ¢ =0, a = 0 then

b ¢
atp=-=adof== )
but a+br+e=0
b
or A+ 25+ L =0 (dividingbya]
or 2 —(@+bx+ab=0 [by (1)]

which is the required quadratic equation in x having roots ¢t and B. _
Hence required quadratic equation in terms of sum and product of roots is :
% - (sum of roots)x + (product of roots) =0
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7.8 vaL . expuessions of ROOTs o | goltion + Since, roots of the quadratic equation 2.2 - 3 - 6 = 0 are ¢.and B.
2:¥ Values of symmermic Exp s | e ,

. i te=0 1f; =2 -

Let ¢t and B be the roots of the quadratic equation ax * inay | . a+B=> andaf=—3
“Pmsiuuimiﬂasfuismwm-ﬁwﬁﬂ‘sw'““““m?’“wmﬁ: b o2 +2) + (B : _
Mﬂnsunchmﬁ,msmhmwwmism\uﬁas}m“pmi% - ( )+ (B2 +2) = (02 + p2) + 4
T"ﬁndﬁlevaluedfas‘mm:mwim_ﬁmwdlaﬂs_ﬂﬂﬂsmprmion.- I =(u+PP-20B+4
mwa*ﬁmﬁuﬂ.ﬁmﬁm&eﬁmmﬁm‘wS“Wmues"fﬁwla ' 3V
and o For this the following transformations are very useful ‘ =['2-] —2(-3.)+4:§+10=£42

{i} :2-5= .III(d'-i-b‘):_-‘d& and (u2+2)(ﬁ‘2+2)=‘12&2+2(G.2+ﬁ2)+4

(i) &+ 52 = (g + 5) - 2ab

=0? 2 +2{(a + By - 208} + 4
(i) @ - 52 = (@ + b)a - b) = (a + b) J(a+b)* - 4ab | b ‘i
(iv)a@® + 8% = (a + b)® - 3ab (a + b) qHF”{[E] _%3}5 e
V) @ -B=(a-b) (@ +ab+5)

= (a - b) {(a+ b -ab} =9+1(%+6].;.4=25+%=-22
= Jta+6)* —4ab {(a + b)* - ab} Hence the required equation is
(vi) o + B = (a2 + B2 - 202p2 2 - (sum of roots) x + (product of roats) = 0
= {(a + by - 2ab)* -2(aPy? 9 59
(e - B = (o + B)o? - ) > kvl e
= (& + B)(a? + BP)a - B) a 42 -49¢+ 118 =0
=(a+ ) {(a+ B~ 20B} fla+B)* - 4ab ® Example 3. If o # B, but 0% = So.- 3 and % = 58 - 3 then find the
' : L
IlusTrative Examples quadratic equation whose,toots.are: 3. and .
. . g [ jon : Given that o2 = 5¢t— 3 and B2 =50 - 3
l. Example 1. Find conjugate root and g_uﬁdntlc equation whose one im;": Sszv:nor 35 +§ =0havcﬂtzher:i:ts aand P
rootis 3- /2. . g+B=5andaf=3
&lﬁm:smwmmga-ﬁ,mmm«mjwmmu be3 a, B _ o+ (@+8)> ~2ap » -2 _ 1
2. LAl e e P 2 ;
Now, sum of roots = (3 - y7) + 3+ Y1) = 6 wi o=
a
Ao product of roots =(3- 7) (3 + V2)=9-2=7 Hence, the required equation is -
Hence required equation is - 12 - (sum of roots) x + (product of roots) = 0
2.~ (sum of roots) x + (product of roots) = ¢ ‘ 19 '
or 2—br+7=0 o Jtz_?:+1=n
..Enmpkz.lfﬂtndﬁmrwuu{'u“ uation 2% — 3¢ — 6 = [
find the quadratic equation whuserootsma?-bzmﬁ:j: l;ﬁ‘;:;; ' or 32-19c+3=0
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tion 422 +
B Example 4. If « be one of the root of the ¢qu 2,

then =y |
Prove that other root is 4o’ — 3 _
Solution : Let  be the other root of the equation
4+ 2x-1=0
2 |
then g g iR 0
* @ is the oot of the equation 417 + 2x- 1=0 _
1-2a |
4+ 2a-1=0=0a= oty |
Now do - 3a = ada? - 30 ‘ g
=q(l - 2a)- 3a [me‘zil |
=-2a?- 20 |
(1-2a
=-2LT]—2u |
i |
Pl I (Feom

Hence, the other root of the quadratic equation 4° + 2x - 1 =0is =403 _3 |
.E“mpks-lfamdﬂmmmﬂfﬂnaquaﬂmx’-p(x+1)_c=n
then prove that (@ + 1)(B + 1) = 1 - c. Further prove that

o’ +2a+] 4 ﬁz+2ﬂ+l
a2idase Bz+2ﬂ+c el

Solution : .., aaﬂdﬁﬂWsofﬂwequaﬁm'
P-px-(p+c)=0

a+B=pandaf=-(p+e)

Now (a+ 1B+ 1) =

ofi+(a+B)+l=-pc+p+l=l-c )
. afs2as]  BPe2psl (@+1)? B+1)?
a®+2a4e % ,32+2]3+c = 1‘-::+l)2 -(I-c)+(ﬁ+]]2-(1—.::)
e (@+1)? B+1)*
@+ -@+1)B+1) * G412 -@+INB+]) (from (1)]
_ _(a+1f? B+1)?

E (-‘1+I)(a—ﬁ} & fﬁ*U{ﬁ—a}

'ﬂ'-ﬂ- ﬁ_u ﬂ-ﬁ =

43
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/@ ¥xample 6. If one root of a quadratic equation is 3+ 7 then find the
Jratic equation- [R.U. 2016]
.

First root =347
other root =3_J5

Sum = 6, product = {3 + ,ﬁ] (3._ ﬁ}
=9-7=2
Equation x® —6x+2 =
ample 7. Arithmetic mean and geometric mean of two pumbers are
d4 respectively. Find these two numbers. [R.U. 2016]
golution : Let-two numbers be o and p

. o+
Moording to question B 5. JEE =4

2
a+f=10..(1) andaf=16
B=10-u
o(l0-a) =16
Wa-o* =16
o= 10a+16 =0
(e-2) (e-8) =0
o =2or8
& B =80r2
. Two numbers are 2 and 8
mple 8. A certain number of pens were purchased“t'or l:ls 4..52:;
could have been purchased by the same amount if each pe&
:::pep:n:]r Rs. 15, Find the number of pens purchased. [R.U. 2016]
Solution : Let number of pens =x

.A2)

From eq. (2) :

SR A A

450
Cost of each pen <y
If pens were cheaper by Rs. 15 then new cost of each pen
450
=— =15
X

Now number of pens =x+3

450
(x+3) [—x——lf‘] =450

= (x + 5) (450 - 15x) =430x
= 450+ 2250 15x2-75% =450
15%2 +75x - 2250 =0

5

=
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: . D &
: {"ﬂ'f-l:]sl:_llsog :g b |fﬁwdﬂmmm?a“gm:qnﬁmﬂ-h+3=ommu o
i R J a- a
= N x:;nls,m ssrsmen Sl 1 equati
/1 '°""P“"mm““'“‘d“ﬁ"“"mz‘z‘:’hn ifhe difference of the roots of the quadratic oy 2 +ax+b=0is 1, then
rmlwmwmmmpzmdqg.. [R.u, 2!]16] 6. thata? =4b + 1. equation |
sojnmmmmwmh:-‘xd;ﬂ o oro 148 1001 O the equation 12 _ e 1. = 0 hem find the quadiatic
o L whose roots are —— o4 9
- 3 -
prodimed i s s |
g 7 ﬁmmafhmmmz+h+c=ﬂmmcandmu.m that
= Sl i b p-p+2ac=0, prove
=g _EJ Answers 7,5
4 2 0 +Tx+10=0 (i) & &30 BZ 5750
o s ) H-6xt1=0
and qu.? =(pq)2 3, 0] A Az (iii) 2
[ b 4 25 1 s 312'2r+1=° 7-x2~px+q=ﬂ
5 _EJ -5 .
S uoo
. Equ&mnwtchrouf_gp?mqlis
12‘--—14-2 =
4773
= 42205425 =
|
—_— Exenrcises 7.5 [
I Fmdthﬂquadrm'c i "
13 £y
wra ® 23 (i) 2,3

(i) (@0 + B2+ (af + )2 (iii) o2 + g2
; 4. Ifamﬂmmﬂfthﬂmxz—px+q=ﬂ,m”wewg+£;=
;ﬁ-"‘-éiz - ﬁ ¢
£ g




