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Tracing Parabolas 

 

Tracing Parabola y2 = 4ax: 

1. The parabola is symmetric about x-axis. 

2. The parabola passes through the origin. 

3. The equation of the tangent at the origin is x = 0 i.e., y-axis. 

4. For a > 0 no part of the parabola lies to the left of the y-axis. 

5. For a > 0 the curve goes on opening more and more on the right side of the y-axis. 

 

Double Ordinate, Latus Rectum, Focal Distance, Focal Chord: 

In the figure 

 

 

 

 

 

 

  

Double Ordinate: Let us take a line through P perpendicular to the axis of the parabola. The 

intercept PP’ made by the parabola on this line is called a double ordinate through the point P. 
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any line perpendicular to the axis of the parabola has the equation x = k. solving the equations y2 

= 4ax and x = k, we get the point P, P’. P and P’ are given by P (k, 2√ak) and P′ k,−2√ak . 

Also PN = P’N and PP’ = 4√ak. 

Double Ordinate = ퟒ√퐚퐤 

 

Latus Rectum: The particular double ordinate through the focus (a, 0) is LSL’. The length LSL’ 

is called the latus-rectum of the parabola and LL’ = 4a. 

Latus-Rectum = 4a 

 

Focal Distance: The focal distance of any point Q (x, y) on the parabola is its distance from the 

focus S. Thus SQ is the focal distance of the point Q (x, y) and is given by 

Focal Distance = x + a 

 

Focal Chord: A focal chord of the parabola is that chord of the curve which passes through its 

focus. In the figure QQ’ is a focal chord. 

 

Equation of Parabolas in Different Forms: 

y2 = 4ax 

vertex (0, 0) 

focus (a, 0) 

axis y = 0 

directrix x + a = 0 

latus rectum = 4a 

y2 = -4ax 

vertex (0, 0) 

focus (-a, 0) 

axis y = 0 

directrix -x + a = 0 

latus rectum = 4a 



 

 

x2 = 4ay 

vertex (0, 0) 

focus (0, a) 

axis x = 0 

directrix y + a = 0 

latus rectum = 4a 

             x2 = -4ay 

vertex (0, 0) 

focus (0, -a) 

axis x = 0 

directrix -y + a = 0 

latus rectum = 4a                     

 

Example: Trace the parabolas y2 = -4ax, x2 = 4ay, and x2 = -4ay. 
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CONVERGENCY AND DIVERGENCY OF SEQUENCES 

 

Bounded Above / Bounded on Right: 

A sequence is said to be bounded above or bounded on the right if not a single element of the 

sequence is greater than a fixed number M. In such a case, the number M is called upper 

bound of the sequence. In other words, if there exists a definite number M such that Man   

for all n, then {an} is said to be bounded above and M is called an upper bound. 

 

Bounded Below / Bounded on Left: 

A sequence is said to be bounded below or bounded on the left, if no single element of the 

sequence is less than a fixed number L. in such case the number L is called the lower bound 

of the sequence. In other words, if there exists a definite number L such that a ≥ L for all n, 

then {an} is said to be bounded below. 

 

Bounded Sequence: 

If a sequence is both bounded above and bounded below, then it is said to be a bounded 

sequence. 

For a bounded sequence, there exists a number K such that Kan   or there exist two 

numbers m and M such that Mam n   for all Nn . 



 

 

Every convergent sequence is a bounded sequence but its converse is not necessarily true. 

Examples: 

(i) The sequence 12, 22, 32, …, n2, … = {n2} is bounded below but not bounded above. 

(ii) The sequence  is bounded below and the lower bound is 0. It is also bounded above 

and its upper bound is 1. All elements of the sequence lie in the interval [0, 1]. 

(iii) The sequence {-n} is bounded above but not bounded below. 

(iv) The sequence {1 + n(-1)n} whose elements are 0, 3, -2, 5, -4, … is unbounded as it is 

neither upper bounded nor lower bounded. 

 

Least Upper Bound: 

The least of all the upper bounds of a sequence {an} is called the least upper bound (lub) K of 

the sequence if it satisfies the following properties: 

(i) a ≤ K for all n. 

(ii) 푎 > 퐾−∈ for at least one value of n and ∈ being a pre-assigned positive quantity, 

however small. 

 

Greatest Lower Bound: 

The greatest of all the lower bounds of a sequence {an} is called the greatest lower bound 

(glb) L of the sequence if it satisfies the following properties: 

(i) a ≥ L for all n. 

(ii) 푎 < 퐿+∈ for at least one value of n and ∈ being a pre-assigned positive quantity, 

however small. 

 



 

 

Example: 

Let us consider the sequence 

 i.e., 1, , , , …  

It is evident that the upper bound is 1 and the lower bound is 0. In this sequence the lower 

bound is never attained i.e., the lower bound is actually never reached. 

 

Now let us consider the second sequence 

 i.e.,   , , , …  

The lower bound is (1/2) and the upper bound is 1. In this sequence the upper bound is not 

attained. 

 

 

Monotonic Increasing Sequence: 

A sequence {an} is said to be monotonic increasing if an+1 > = an for all n. 

Example: 1, 2, 3, 4, … 

 

Monotonic Decreasing Sequence: 

A sequence {an} is said to be monotonic decreasing if an+1 < = an for all n. 

Example: 1, ½, 1/3, ¼, … 

 

Strictly Monotonic Increasing / Strictly Monotonic Decreasing Sequences: 

A sequence {an} is said to be strictly monotonic increasing if an+1 > an and is strictly 

monotonic decreasing if an+1 < an for all n. 



 

 

 

Monotonic Sequence: A sequence is said to be monotonic if it is either monotonic 

increasing or monotonic decreasing. 

 

Note: Every bounded and monotonic sequence is convergent. 

 

Cauchy’s General Principle of Convergence: A necessary and sufficient condition for the 

convergence of {an} is that for every 0 , however small, there exists a +ve integer m such 

that for  mn  ,  npn aa  for all +ve integral values of p. 

Proof: 

Necessary Condition: Let the sequence be convergent so that 

푙푖푚
푛 → ∞푎 = 푙 

Therefore |푎 − 푙| < ∈, when n ≥ m. Then it follows that 푎 − 푙 < ∈ for n ≥ m and p ≥ 0. 

Thus 푎 − 푎 = 푎 − 푙 + 푙 − 푎 ≤ 푎 − 푙 + |푙 − 푎 | < ∈ + ∈ =∈ 

Thus the condition is necessary. 

Sufficient Condition: 

Let 푎 − 푎 <∈ when n ≥ m and p ≥ 0. Then we have 

푎 −∈< 푎 < 푎 +∈ 

for all positive integral values of p. 

Therefore {an+p}is bounded as p tends to infinity. Let m and M be its lower bound and upper 

bound respectively. Then m ≥ an- ∈ and M ≤ an +∈.  Therefore 

M – m ≤ (푎 +∈) − (푎 −∈) = 2 ∈ 



 

 

Here ∈ is arbitrary, this implies that M – m = 0 in the limit. Therefore 

M –∈ ≤ 푎 ≤ 푀+∈ 

It follows that an+p tends to M as p tends to infinity. Hence, the sequence {an} is convergent 

and so the condition is sufficient. 

 

Example: Show that the sequence 

1, ½, 1/3, ¼, … , 1/n, …. 

is not convergent. 


