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or (x – a)2 + y2 = (x + a)2 

 x2 + a2 - 2ax + y2 = x2 + a2 + 2ax 

 y2 = 4ax 

Hence, the equation of a parabola is y2 = 4ax, a > 0, with the focus F (a, 0) and 

directrix x + a = 0 

It is called standard form of the equation of a parabola. 

Some observations about the parabola y2 = 4ax, a > 0 

If (x, y) is a point on the parabola y2 = 4ax, then (x, –y) is also a point on the 

parabola 

So, the given parabola is symmetrical about x-axis. 

(i) This line is the axis of symmetry of the parabola y2 = 4ax. 

(ii) The focus is F (a, 0) and directrix is x + a = 0. 

(iii) The point O (0, 0) where the axis of parabola meets the parabola is the 

vertex of the parabola. 

(iv) If x < 0, then y2 = 4ax has no real solutions in y and so there is no point on 

the curve with negative x coordinate i.e., on the left of y-axis. 

 When x = 0 we get y2 = 0  y = 0. Thus (0, 0) is the only point of the y-axis 

which lies on it. Therefore the entire curve, except the origin, lies to the 

right of y-axis. 

 (v) A chord passing through the focus F and perpendicular to the axis of the 

parabola is called the latus rectum of the parabola. 

12.8 Length of the Latus Rectum 

Let chord LL' be the latus rectum of the parabola, then LL' passes through focus 

F (a, 0) and is perpendicular to x-axis. 

Let LF = k (k>0), then the points L and L' are (a, k) and (a, –k) respectively. 
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As L (a, k) lies on the parabola y2 = 4ax, we get 

 k2 = 4a × a  k = 2a 

  The points L and L' are (a, 2a), (a, –2a) and length of the latus  

rectum = LL'= 2k = 4a. Also equation of the latus rectum is x = a or x – a = 0. 

To find the other equations of a parabola in standard form 

(i) Focus F (–a, 0), a > 0 and the line x – a = 0 as directrix. 

(ii) Focus F (0, a), a > 0 and the line y + a = 0 as directrix. 

(iii) Focus (0, –a), a > 0 and the line y – a = 0 as directrix. 

(i) Let P (x, y) be any point in the plane of directrix and focus and MP be the 

perpendicular distance from P to the directrix. 
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 Then P lies on parabola. 

 Iff FP = MP 

    2 2x a y x a     

   (x + a)2 + y2 = (x – a)2 

   x2 + a2 + 2ax + y2 = x2 + a2 – 2ax 

   y2 = –4ax, a > 0 

 The axis is y = 0, equation of directrix x – a = 0, focus (–a, 0). Length of  

latus rectum = 4a, equation of latus rectum x + a = 0. 

(ii) The equation of the parabola opening upwards is x2 = 4ay, a > 0. 

 Axis x = 0, directrix y + a = 0, Focus (0, a). 

 

 Length of the latus rectum = 4a 

 Equation of latus rectum is y – a = 0 

(iii) The equation of the parabola opening downwards is 

  x2 = –4 ay, a > 0 

 Axis x = 0, directrix y – a = 0, Focus (0,–a). 
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 Length of the latus rectum = 4a 

 Equation of the latus rectum is y + a = 0 

 

Illustrative Examples 

Example 1: If a parabolic reflector is 20 cm in diameter and 5 cm deep, find the 

focus. 

Solution: Let AOB be the parabolic reflector which is 20 cm in diameter and 5 

cm deep, then AB = 20 cm and OM = 5cm, where M is midpoint of AB. 

 

The equation of the parabola can be taken as y2 = 4ax 
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Since the point A (5, 10) lies on the parabola, so 

 102 = 4a × 5  a = 5  

  The coordinates of the focus are (a, 0) i.e., (5, 0). 

Example 2: A beam is supported at its ends by supports which are 12 metres 

apart. Since the load is concentrated at the centre of the beam there is a 

deflection of 3 cm at the centre and the deflected beam is in the shape of a 

parabola. How far from the centre is the deflection 1 cm? 

Solution:  

 

Let AOB be the beam in the shape of a parabola with vertex at the lowest point 

O. The beam is supported at the points A and B. 

Take the vertex O of the parabola as origin and the axis of the parabola as y-

axis. The equation of the parabola is x2 = 4 ay. 

Given AB = 12 m and OM = 3 cm = 
3

100
 m. 

As M is the midpoint of AB, MB = 6 m. 

The coordinates of B are 36,
100

 
 
 

 

Since B lies on the parabola 
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 62 = 4a × 
3

100
 

  a = 
36 100

12


 = 300 

Let P be any point on the parabola whose deflection is 1 cm, then NP = 2 cm = 
2

100
 m.  Let ON = x metre, then the coordinates of P are 2,

100
x 

 
 

. 

Since P lies on the parabola, we get 

 x2 = 4 × 300 × 
2

100
 

  x2 = 24    x =  2 6 . 

Hence, the points of the beam where the deflection is 1 cm are at a distance of 

2 6  m from the centre. 

Example 3: The girder of a railway bridge is a parabola with its vertex at the 

highest point 10 metre above the ends. If the span is 100 metres, find  height of 

the girder at 20 metres from its mid-point. 

Solution: 

 

Take the vertex O of the parabola as origin and the axis of the parabola as y-

axis. Therefore, the equation of the parabola is x2 = – 4 ay. 

Given OM = 10 metre and Q'Q = 100 metres 

As M is the midpoint of Q'Q, MQ = 50 metres. Therefore coordinates of Q are  

(50, –10). 
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Since Q lies on the parabola, so 

 502 = – 4a (– 10)  a = 
125
2

 

Let MN = 20 metres, draw NR  MQ to meet the parabola at P. 

As P lies below the x-axis, coordinates of P are (20, –p) where p = PR > 0 

Since P lies on the parabola, we get 

 202 = –4. 
125
2

 (–p)  p = 
400
250

 = 
8
5

 = 1.6 

  The required height = NP = NR – PR 

 = 10 – 1.6         as NR = OM = 10 m 

 = 8.4 metres 

Example 4: The cable of a uniformly loaded bridge hangs in the form of a 

parabola. The roadway which is horizontal and 100 m long is supported by 

vertical wires attached to the cable, the longest wire being 30 m and the 

shortest being 6 m. Find the length of the supporting wire attached to the 

roadway 18 m from the middle. 

Solution: 

 

The bridge is hung by supporting wires in a parabolic arc with vertex at the 

lowest point and the axis vertical. The equation of the parabola can be taken 

as  

x2 = 4 ay. 
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Shortest supporting wire = OM = 6 m. 

Longest supporting vertical wire = NB = 30 m. 

  LB = 30 – 6 = 24 m. 

Also OL = 
1
2

 × 100 m = 50 m. 

 The point B is (50, 24) which lies on the parabola, and so we get  

 (50)2 = 4a × 24  a = 
2500
96

 

Let PQ be the vertical supporting wire at a distance of 18 m from M. If PQ = k 

metres, then the point P (18, k – 6) lies on parabola, we get 

 182 = 4 × 
2500
96

 (k – 6)  
324 24

2500


 = k – 6 

 k = 
324 24

2500


 + 6 = 9.11 metres (approx.) 

Hence the length of the wire required = 9.11 metres (approx.) 

Exercise 3 

1. The focus of the parabolic mirror is at a distance of 5 cm from its vertex. If 

the mirror is 45 cm deep, find the distance AB. 
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2. An arc is in the form of a parabola with its axis vertical. The arc is 10 m 

high and 5 m wide at the base. How wide is it 2 m from the vertex of the 

parabola? 

3. The towers of a suspension bridge, hang in the form of a parabola, have 

their tops 30 metres above the roadway and are 200 metres apart. If the 

cable is 5 metres above the roadway at the centre of the bridge, find the 

length of the vertical supporting cable 30 metres from the centre. 

4. The girder of a railway bridge is in the form of a parabola with its vertex at 

the highest point, 15 metres above the ends. If the span is 150 metres, find 

its height at 30 metres from the midpoint. 

5. A water jet from a fountain reaches its maximum height of 4 metres at a 

distance of 0.5 metres from the vertical passing through the point O of the 

water outlet. Find the height of the jet above the horizontal OX at a 

distance 0.75 metre from the point O. 

 

Answer Unit – VIII 
Exercise – 1 

1. Y = 3 

2. (i)  13 9 0  x y    (ii) 3 11 0 x y    (iii) 3 4 0  x y  

3.  y x  

4. 2 6 x y  

5. 12 5 39 x y  

6. 6
12 5

 


x y
, a = 12, b = -5  

7.  0 0os 45 45 2 x C y Sin  

8. (8, 0), (-2, 0) 

9. 025 75 c  
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10.  68, 76 and 312, 35 

Exercise – 2 
1. (i) 2 2 4 0  x y y  

(ii) 2 2 9 0  x y  

(iii) 2 2 22 2 2 0 0     x y ax by b  

2. 2 2 4 25 0    x y x y  

3. (i) Circle, Centre 
2( 1, ),
3

  radius = 
4
3

 

(ii) Not circle 

(iii) A point circle with centre (6, -3) and radius zero 

4. (7, -8) 

5.  2 2 7 5 14 0    x y x y  

6. -8 

7. 
1
4

  

Exercise – 3 

1. 1.56 m approx. 

2. 60 m  

3. 2.23 m approx. 

4. 7.25 m 

5. 12.6 m 

6. 13 m 


