11.5 Hyperbola
Definition

A hyperbola is the locus of a point in a plane which moves in the plane in such a
way that the ratio of its distance from a fixed point in the same plane to its distance
from afixed line is aways constant which is always greater than unity.

Standard equation of the hyperbola

Let Sbe the focus, ZM be the directrix.and e be the eccentricity of the hyperbola, then

e g 2 2
by definition, X—Z—Z—Zzl , where »¥=a’e’ -1).
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Conjugate hyperbola

The hyperbola whose transverse and conjugate axis are respectively
the conjugate and transverse axis of a given hyperbola is called
conjugate hyperbola of the given hyperbola.
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Difference between both hyperbolas will be clear from the following

table:
Table : 18.12
I. Hyperbola L
SE o Or
LA @
IMmP. a b e
TERMS

Centre (0, 0) (0, 0)
Length of transverse axis 2a 2b
L ength of conjugate axis 2b 2a
Foci (ae,0) (0, £ be)
Equation of directrices x=t%ale y=2xble
Eccentricity ‘- [”’] e [”2;”2]
L ength of latus rectum 2b%/a 2a° /b
ParametrIC (asecf,btanf) (bsecf,atanf)
co-ordinates 0<f <2p 0<f <2p
Focal rajll SP =ex, —a SP =ey, —b

S'P=ex,+a S'P=ey, +b
D|f_f_erence of foca o b
radii (s'p-sp)
Tangents at the X=-a,x=a y="by=h
vertices
Equation of the

. = 0 =

transverse axis Y z=1
Equation of the
conjugate axis z=U J

Special form of hyperbola

If the centre of hyperbolais (h, k) and axes are paralel to the co-ordinate axes, then its

. . 2 2
equation is (x;—zh)_@;_z"):l.

Parametric equations of hyperbola
The equations x=aseef and y=rwnf are known as the parametric equations of the

hyperbola "—j-z—izl . This @sect,5ant) lieson the hyperbolafor all valuesof 1 .
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Position of a point with respect to a hyperbola

Let the hyperbola be z—j—Z—izl .

. . . . . 2 2 . 2 2
Then rw,.y,) Will lieinside, on or outside the hyperbola "—2-;—2=1 according as "—;-Z—;-l
a a
IS positive, zero or negative.
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Intersection of a line@and ahyperbola

Y

The straight line y< .+ will cut the hyperbola "—j-z—zzl in two points may be real,
coincident or imaginary according as ¢ >, = < a*n> -5
Condition of tangency : If straight line , - +c touches the hyperbola é_z_zzl , then

=a’m®-b*.

Equationsiof tangent in different forms

(1) Point form: The equation of the tangent to the hyperbola Z—j-z—zzl a () iS

XL Wy
a*> b

2) Parametric form : The equation of tangent to the hyperbola *. " -, at (asecf,btanf)
( €q g yp .

IS Xsect —%tanf =1.
a

(3) Slope form : The equations of tangents of slope m to the hyperbola %—Z—z:l are

y=mx +Ja’m*-5* and the co-ordinates of points of contacts are (+ am b } :

,*
a*m? - b* \/azm2 -b?

S [y Blacelof Knowledge.
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