
Equation of a straight line 

Learning points 

The equation for a straight line graph is: 

𝑦 = 𝑚𝑥 + 𝑐 

where 𝑚 is the gradient of the line, and 𝑐 is the point at which the line cuts the vertical y-axis. 

The gradient of the line is defined as: 

𝑚 =
𝑑𝑦

𝑑𝑥
  ,        𝑜𝑟   

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑦

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑥
 

If the line rises as x increases, then the gradient is positive.  If the line falls as x increases, the 
gradient is negative.  For example, for a line passing through the points (-3,6) and (9,2): 

 

 

 

 

 

 

 

 

𝑚 =  
−4

12
 =  −

1

3
 

If the line cuts the y-axis at the point (0,5) then the full equation of the line is: 

𝑦 =  −
1

3
𝑥 + 5 

An alternative equation for a straight line is: 

𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1) 

In this expression, (x1, y1) is any known point on the line, and m is again the gradient.  It can be 
convenient to use this equation if the coordinates of the point where the line cuts the y-axis are not 
known.  As an example, we will find the equation of a line passing through the points (42, 16) and 
(58, 20).  A first step is to calculate the gradient: 

 

 

 

 

 

(-3,6) 

(9,2) 

dy = - 4 

dx = 12 

(0,5) 

(42, 16) 

(58, 20) 

dy = 4 

dx = 16 



𝑚 =  
4

16
=  

1

4
 

Either of the known points can now be substituted in the equation.  Taking the point (42, 16): 

𝑦 − 𝑦1 = 𝑚(𝑥 − 𝑥1): 

𝑦 − 16 =
1

4
(𝑥) −  

1

4
 (42) 

giving: 

𝑦 =
1

4
𝑥 + 5

1

2
 

 

Alternatively, we could have taken the point (58, 20): 

𝑦 − 20 =
1

4
(𝑥) −  

1

4
 (58) 

giving the same result of: 

𝑦 =
1

4
𝑥 + 5

1

2
 

 

Another form which can be used as the equation of a straight line is: 

𝑎𝑥 + 𝑏𝑦 + 𝑐 = 0 

This simply requires the rearrangement of the standard form  𝑦 = 𝑚𝑥 + 𝑐  

For example, using:    𝑦 =  −
1

3
𝑥 + 5 , then: 

1

3
𝑥 + 𝑦 − 5 = 0 ,     𝑜𝑟  𝑥 + 3𝑦 − 15 = 0 

Parallel lines 

Where two lines are parallel, they must have the same gradient.  Using our first example: 

𝑦 =  −
1

3
𝑥 + 5  

then any other line with a gradient of −
1

3
  would be parallel: 

 

 

 

 

 

 

 

  

𝑦 =  −
1

3
𝑥 + 2 

𝑦 =  −
1

3
𝑥 + 5 



Perpendicular lines 

Lines which are perpendicular lie at right angles to one another: 

 

 

 

 

 

 

 

 

Lines are perpendicular if their gradients are related by the equation: 

𝑚2 =  − 
1

𝑚1
 

A line perpendicular to   𝑦 =  −
1

3
𝑥 + 5    must have a gradient 

𝑚2 =  − 
1

(− 
1

3
)
   =    3     

In the case of the line  𝑦 =
1

4
𝑥 + 5

1

2
  ,   

 

 

 

 

 

 

any perpendicular line will have a gradient: 

𝑚2 =  − 
1

( 
1
4)

 =  − 4    

 

 

 

 

𝑦 =  −
1

3
𝑥 + 5 

90o 

gradient m1 

gradient m2 

90o 

gradient m1 

gradient m2 

𝑦 =
1

4
𝑥 + 5

1

2
 



Finding the length of a line 

If the cooordinates of the end points of a line are known. then its length can be calculated using 

Pythagoras’ theorem for the sides of a right-angled triangle: 

 

 

 

 

𝑎2 = 𝑏2 +  𝑐2 

where 𝑎 is the length of the hypotenuse, and 𝑏 and 𝑐 are the lengths of the other two sides. 

Consider a line between the points (2,6) and (12, 12): 

 

 

 

 

 

 

𝑎2 = 62 +  102 

𝑎 = √136   =   11.66 

Intersection of straight lines 

Consider two straight lines with the equations: 

𝑦 = 3𝑥 − 12 

𝑦 = − 2𝑥 + 4 

It is required to find the point at which the lines intersect: 

 

 

 

 

 

This problem can be solved by combining the two equations.  At the intersection point, the y-values 

will be equal, so: 

3𝑥 − 12 =  −2𝑥 + 4 

5𝑥 = 16         𝑠𝑜      𝑥 = 3.2 

a 
b 

c 

(2, 6) 

(12, 12) 

c = 10 

b = 6 

a 

y = 3x -12  

y = - 2x + 4  



Substituting for x in one of the original equations gives: 

𝑦 = 3 (
16

5
) − 12 

𝑦 =  −2.4 

The lines therefore cross at the point (3.2, -2.4) 

 

Practical applications 
 

Linear graphs 

Straight line graphs may be used for conversion between units in different measurement systems.   

It is necessary to know the conversion factor. For example: 

1 𝑖𝑛𝑐ℎ = 2.54 𝑐𝑚 

A graph can then be plotted to provide a conversion chart: 

 

 

 

 

 

 

 

 

 

The graph has the simple equation:    𝑦 = 2.54 𝑥   where y is centimetres and x is inches. 

Conversion of degrees Farenheit to degrees Celsius is a little more complicated: 

 The freezing point of water is 32o Farenheit or 0o Celsius.  

 The boiling point of water is 212o Fahrenheit or 100o Celsius.  

The graph needs to pass through the points (32, 0) and (212, 100). Using the formula: 

𝐶 − 𝐶1 = 𝑚(𝐹 − 𝐹1): 

the gradient 𝑚 =
𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐶

𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐹
  =    

100

180
  =   

5

9
 

Substituting for the point (32, 0): 

𝐶 − 0 =
5

9
(𝐹 − 32) 



𝐶 =  
5

9
𝐹 −

160

9
 

 

It is interesting to calculate the temperature at which the readings would be the same on both the 

Farenheit and Celsius scales.  We can do this by setting C = F to give the equation: 

𝐹 =  
5

9
𝐹 −

160

9
 

4

9
𝐹 =  −

160

9
 

4𝐹 =  −160   𝑜𝑟   𝐹 =  −40 

Thus, Farenheit and Celsius readings would be the same at – 40 degrees.  

 

Computer graphics 

Calculations involving straight lines are an essential component of many computer graphics 

applications, including three dimensional scenes for computer games, and computer aided design 

applications for engineering and achitecture. 

 

 

 

 

 

  



A particular technique used in producing realistic computer generated images is ray tracing.  This 

involves tracing the straight line paths that rays of light would take.  It allows the program to 

determine the colours that should be shown when the light reflects off shiny surfaces such as metal 

or water.  Ray tracing also identifies where light is blocked by a solid object, producing a shadow. 

 

 

 

 

 

 

 

 

 

 

 

Multiple choice questions 

 

________________________________________________________________ 

  

light source 

shadow 

reflection 
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Longer examination questions 
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