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Hyperbola-1 

 

Hyperbola: A hyperbola is a part of conic section for which the eccentricity e is greater than 

unity i.e., one. We define it as follows: 

A hyperbola is the locus of a point which moves in a plane so that the ratio of its distance from a 

fixed point to its distance from a fixed straight line in the same plane is a constant quantity 

greater than unity i.e. one. 

Focus: The fixed point is called the focus of the hyperbola. 

Directrix: The fixed straight line is called the directrix of the hyperbola. 

Eccentricity: The constant ratio is called the eccentricity (e) of the hyperbola. For hyperbola, the 

eccentricity is always greater than one i.e., e > 1. 

 

Shape of the Hyperbola: 

Let P be a point on the parabola, S is the focus and the straight line ZN is the directrix, so that 

PS > PM, where PM is perpendicular to ZN. The point P can lie on both sides of the directrix. 

Again let us draw SN perpendicular to ZN. 
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The distance NS can be divided by a point in the ratio e =  internally as well as externally. 

The hyperbola will cut SN at two points A and A’, the points are on two sides of ZN. The 

hyperbola will not cut the directrix for then e will be equal to infinity. 

Therefore the shape of the hyperbola consists of two open curves, one each side of directrix, as 

has been shown above in the figure. 

 

Standard Equation of Hyperbola: 

The standard equation of hyperbola is given by 

푥
푎 −

푦
푏 = 1 

where a and b are related by the equation a2 (e2 - 1) = b2, where e denotes the eccentricity. 
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The hyperbola has second focus and second directrix. 

Centre: C = (0, 0) is the middle point of AA’. 

Vertices: A = (a, 0) and A’ = (-a, 0) 

Foci: S = (ae, 0) and S’ = (-ae, 0), where e > 1. 



 

 

Axes: AA’ and BB’ are axes of hyperbola. The line AA’ is called the Transverse Axis and BB’ 

is called the Conjugate Axis of the hyperbola. B = (0, b) and B’ = (0, -b). B and B’ are not on 

the curve. 

Directrices: The equation of the directrix MZ is x =  and of the directrix M’Z’ is x = − . 

Latus Rectum: 

latus rectum =  
2b

a = 2a(e − 1) 

Semi-Latus Rectum: 

semi − latus rectum =  
b
a = a(e − 1) 

 

Relation between the Eccentricity, the Transverse and Conjugate Axes: 

The relation between the eccentricity e, the transverse axis and the conjugate axis of the 

hyperbola is given by 

e =
a + b

a  

Example: Prove that the length of the transverse axis of a hyperbola is greater than or less than 

the length of the conjugate axis according as the eccentricity e is less than √2 or greater than √2. 

Proof: We know that the transverse axis of the hyperbola is greater than or less than the 

conjugate axis of the hyperbola according as b2 < a2 or b2 > a2.  

If b2 < a2, then 

푎 + 푏
푎 = 1 +

푏
푎 < 1 + 1 = 2 ⟹ 푒 < √2 

And if b2 > a2, 

then = 1 + > 1 + 1 = 2 ⟹ 푒 > √2. 



 

 

Solutions of a Differential Equation 

 

Solution of a Differential Equation: A relation between the dependent and independent 

variables, when substituted in the differential equation, reduces it to an identity is called a 

solution or integral of the differential equation. It should be noted that a solution of a differential 

equation does not involve the derivatives of the dependent variable with respect to the 

independent variable or variables. 

 

Example: y=ce2x is a solution of y’=2y. 

 

General Solution (Complete Primitive), Particular Solution and Singular Solution: 

Let                                        F(x, y, y’, y’’, ….. , yn)=0                   …….. (1) 

be an nth order ordinary differential equation. 

 

A solution of (1) containing n independent arbitrary constants is called a general solution. 

 

A solution of (1) obtained from a general solution of (1) by giving particular values to one or 

more of the n independent arbitrary constants is called a particular solution of (1). 

 

A solution of (1) which cannot be obtained from any general solution of (1) by any choice of the 

n independent arbitrary constants is called a singular solution of (1). 

 

Example-1: For the differential equation 



 

 

2

4 0dy y
dx

    
 

 

Its general solution is y=(x+c)2 and singular  solution is y=0. 

 

Example-2: For y”-y = 0 the general solution is y=Aex+Be-x, particular solution is y=ex-e-x or 

y=ex and singular solution is y=0. 


