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Introduction to Ellipses

An dlipseisaplane curve that results from the intersection of acone by a plane in away that produces a closed curve. Circles
are special cases of ellipses, obtained when the cutting plane is orthogonal to the cone's axis. An elipseis also the locus of all

points of the plane whose distances to two fixed points add to the same constant.

Major axis

Minor axis

Elementsof a n Ellipse

Vertex

The two fixed points F1 and F» are called the foci (plural of ‘focus’). The midpoint of the line segment joining the foci is called
the centre of the ellipse. The line segment through the foci of the ellipse is called the major axis and the line segment through the
centre and perpendicular to the major axisis called the minor axis. The end points of the major axis are called the vertices of the

elipse.

Suppose the lengths of the major axis and n=minor axisis 2aand 2b respectively. Also, the distance between the foci be 2c. Thus,
the length of the semi major axisis‘a and semi-minor axisis‘b’.

Equations of an ellipse
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Above diagrams represent two possible orientations of ellipse.

Now, we will derive theequation for the ellipse with foci on the x — axis.

Let F1 and F» be the foci and O be the midpoint of the line segment F1F2. Let O be the origin and the line from O through F» be
the

positive x-axis and that through F1 as the negative x-axis.
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Let, the line through O perpendicular to the x-axis isthe y-axis. Let the coordinates of F1 be (—c, 0) and F2 be (c, 0).
Let P(x, y) be any point on the ellipse such that the sum of the distances from P to the two foci be 2a so given

PF1+PF2=2a

Applyi n% drstance formul a in above equation;
A+ Q) +y) + A-0 +y)=2a

Ax +¢)2 +y?) = 2a- A(x —)? +y?)

Squarrng bo%h srdes
(x+ O +y = da — (X~ +y)) + (x+ O +y

On further srmplrfrcatron
A(x - c) +y) a—cx/a

On further sq?uarmg and simplifying:
X /a +y /(a -c)=1

xlas +y2b? =1

Hence angl point on the ellipse satisfies:
X /a +y /b =1

To summarise, here are the observations from the standard equations of elipse:
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1. Ellipseis symmetric with respect to both the coordinate axes since if (X, y) isa point on the ellipse, then (—x, y), (X, =y) and (-
X, —y) are aso points on the ellipse.

2. Thefoci always lie on the mgjor axis. The major axis can be determined by finding the intercepts on the axes of symmetry. That
is, mgjor axisis along the x-axis if the coefficient of x2 has the larger denominator and it is along the y-axis if the coefficient of y2
has the larger denominator.

Eccentricity

The eccentricity for the ellipse x2/a2 + y2/b2 =1,

V\éeha%/e:
b =a (1—e2)

e2 =1- b2/a2
e2 =1- 4b2/4a2
&® = 1-(20)%I(28)°

e="7?1-(Minor Axis’Major Axis)z)

L atus Rectum

L atus rectum of an ellipse is aline segment perpendicular to the major axis through any of the foci and whose end points lie on the
elipse.

The length of the latus rectum of ellipse X2/a2 + y2/b2 =1lis2b%a

Now try it yourself! Should you still need any help,click here to schedule live online session with e Tutor!
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