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Distance Formula 
 
Given any two distinct coordinate points we can join them by a straight line. Applying 
Pythagoras’ Theorem, we can calculate the distance between the points (or the 
length of the line). 
 
 
 
 
 
 
 
By Pythagoras’ Theorem, 
  

  𝐴𝐵 2    =  𝐴𝐶2  +  𝐵𝐶2 
=  (𝑥2 − 𝑥1)2  + (𝑦2 − 𝑦1)2 

=  √(𝑥2 − 𝑥1)2  +  (𝑦2 − 𝑦1)2 

 
Introducing......the distance formula 

 

         𝐷 =  √(𝑥2 − 𝑥1)2  +  (𝑦2 − 𝑦1)2 

 

Examples 
 

SL-01 Calculate the distance between the points 
 
 (a) (3, 6) and (2, 1)  (b) (4, -7) and (3, 3). 

 

 
SL-02 Triangle PQR has vertices 𝑃(5, 9), 𝑄(2, 3) and 𝑅(8, 3).  Show that the triangle is isosceles. 

 
 
  



 

SL-03 𝐻 (3, 5), 𝑅(7, −7) and 𝐶(−15, − 1) are vertices of a triangle. 
  

Show that triangle HRC is right angled and name the right angle. 

 

 

Midpoint formula 
 

To calculate the midpoint of any line you add the 𝑥 coordinates of the end points together and 

divide by two.  You do the same for the 𝑦 coordinates. 

 

𝑚𝑖𝑑𝑝𝑜𝑖𝑛𝑡 =  (
𝑥1 + 𝑥2

2
,
𝑦1 + 𝑦2

2
) 

  



 

Gradient of a Line 
 

Gradient from Equation 
 

The gradient of a line can be taken from the equation of that line.  When the line is written in 

the form of 𝑦 = 𝑚𝑥 + 𝑐   then the gradient is the coefficient of 𝑥. 

Example 
 

SL-04  For each of the following, find the gradient of the lines 

(a)      𝑦 = 4𝑥 − 2  (b)       𝑦 =  5 − 𝑥  (c)     2𝑦 = 5𝑥 + 3 
 

 (d)    3𝑦 − 6𝑥 = 4   (e)       3𝑥 + 4𝑦 − 5 = 0 (f)  𝑦 = 5 

 

Gradient from Two Points 
 

The gradient of a line can be calculated if given two points by using 

 

𝑚 =
𝑦2 − 𝑦1

𝑥2 − 𝑥1
 

 

Example 
 

SL-05  For each of the following, find the gradient of the lines 

(a)  𝐴  (2, 5)  𝐵  (4, 12) (b)  𝐶  (−1, −4)  𝐷  (3, 7) (c) 𝐸  (3, −4)  𝐹(−3, 7)  

 

  



 

Gradient from the Angle the Line Makes with the 𝑥-axis 
 

From the triangle on the right we can prove: 

 

𝑡𝑎𝑛𝜃  =
𝑜𝑝𝑝

𝑎𝑑𝑗
 

=
𝑦2 − 𝑦1

𝑥2 − 𝑥1
 

= 𝑚 

 

This results in 𝑚 = 𝑡𝑎𝑛𝜃    “m equals tan theta" 

This is always the angle between the line and the positive direction of the x-axis (clockwise). 

Examples 
 

SL-06  What angle does a line passing through the points 
  
 (a) (9, 9) and (3, 7)   (b) (0, 2) and (4, 14) 
 
 make with the positive 𝑥 axis? 
 

 
 

SL-07  Find the equation of the line passing through (1,2) at an angle of 135o with 

the positive 𝑥 axis. 

 



 

Perpendicular Lines 
 
If two lines are perpendicular then they are at right angles to each other. 

 

 

If two lines with gradients 𝑚1 and 𝑚2 are perpendicular  

then 𝑚1  ×  𝑚2  =  −1 

 

Conversely, 

 

If 𝑚1  ×  𝑚2  =  −1  then the lines with gradients 𝑚1 and 𝑚2  are perpendicular. 

Examples 
 
SL-08  Given 𝐴(−2, 12) and 𝐵(4, −6), find the equation of a line perpendicular to AB   
 passing through B. 

 
 
SL-09  The vertices of triangle PQR are 𝑃(0, 1), 𝑄(−6, 3) and 𝑅(2, 7). 

 Show that the triangle is right-angled.  

 



 

Equation of a Straight Line 
 

We know the equation of a straight line can be written as 

      𝑦 =  𝑚𝑥 +  𝑐   and 

      𝑦 −  𝑏 =  𝑚(𝑥 −  𝑎) 

There is a third way of writing the equation of a straight line, called the general form.  This 

looks like 

     𝐴𝑥 +  𝐵𝑦 +  𝐶 =  0 

We need to know all three forms to allow us to calculate points of intersection, perpendicular 

gradients and other properties. 

Examples 
 

SL-10 Write   𝑦 =
2

3
𝑥 − 5  in the form 𝐴𝑥 +  𝐵𝑦 +  𝐶 =  0 

 

SL-11 Find the gradient of the line that is perpendicular to 4𝑥 +  5𝑦 +  13 =  0  

 

SL-12 Find the equation of the line that is perpendicular to 𝑥 −  5𝑦 +  20 =  0 passing  

 through the point (12,-4). 

 

  



 

Point of Intersection 
 

Where two lines (straight lines, curves, circles) cross over each other, the point is called a point 

of intersection.  At this point, the 𝑥 value of both lines must be the same, as must the 𝑦 values.  

We have seen this before in simultaneous equations! 

Examples 
 

SL-13 Find the point of intersection of 𝑦 = 2𝑥 − 1  and 𝑦 = −3𝑥 + 9 

 

SL-14 Find the point of intersection of the line 3𝑥 +  5𝑦 +  5 =  0 and the line 𝑦 = 2𝑥 + 12. 

 

 

SL-15 Find the equation of the line that is perpendicular to 𝑥 −  5𝑦 +  20 =  0 passing  

 through the point (12,-4) and state the point of intersection. 

 



 

Collinearity 
 

If three (or more) points lie on the same lines they are said to be collinear. 

To prove A, B and C are collinear we: 

  * Calculate 𝑚𝐴𝐵 and 𝑚𝐵𝐶 

  * If 𝑚𝐴𝐵 and 𝑚𝐵𝐶are equal then AB and BC are parallel 

  * If AB and BC are parallel AND share a common point (B) then A, B and C  

    must lie on the same straight line. 

When proving collinearity we must state: 

 

“Because 𝑚𝐴𝐵 = 𝑚𝐵𝐶 then AB and BC are parallel and share a common point (B) so A, B and C 

are collinear.” 

 

Examples 
 

SL-16  Prove that points A (1, 2) B (3, 6) and C (-4, -8) are collinear and find the ratio that A 

 splits BC. 

 

  



 

Does a Point Lie on a Line? 
 

The equation of a straight line is a relationship between 𝑥 and 𝑦. 

 

To prove a point lies on (or above or below) a line, substitute the 𝑥 value of the point into the 

equation of the line, and find the related 𝑦 value. 

 

Examples 
 

SL-17  Prove that point A (2, 3) lies on the line 3𝑥 +  2𝑦 −  12 =  0. 

 

SL-18  Do points 𝐹 (4, 0) and 𝐺(−2, −2) lie above or below the line −2𝑥 +  5𝑦 +  3 =  0 ?  

 

  



 

Triangles 
 

Medians 
 

You should be familiar with the median of a data set being the middle piece of data. In a 
triangle, the median is a line joining one vertex to the midpoint of the opposite side. A triangle 
has three medians. 

 

 

 

 

 

 

 

 

To find the equation of a median we: 

 calculate the midpoint of the opposite side 
 calculate the gradient of the line between the midpoint and opposite corner 
 Calculate the equation of the line using the gradient and the coordinates of the midpoint. 

 

Medians are concurrent, meaning all three medians meet at one single point called the centroid. 

 

Examples 
 

SL-19 Triangle QHF has vertices Q(-3, 5), H(-5, -2) and F(-7, 4). Find the equation of the median 
 from Q and the equation of the median which cuts QH. 

 

 
 



 

SL-20 Past Paper: 2010 Paper 1 

  

 
 

 



 

Altitudes 
 

The word altitude refers to the perpendicular height of an object. In triangles, an altitude is a 
straight line from one vertex perpendicular to the opposite side. A triangle has three altitudes. 

 

 

 

 

 

 

 

 

 

 

To find the equation of an altitude we: 

 Calculate the gradient of the opposite side 
 Calculate the perpendicular gradient 
 Calculate the equation of the line using the gradient and the coordinates of the vertex. 

 

Altitudes are concurrent, meaning all three altitudes meet at one single point called the 
orthocentre. 

 

Examples 
 

SL-21 For vertices 𝐾(4, −7), 𝐻(5, −6) and 𝐶(3, 1), find the equation of the altitude from C. 

 

 
  



 

SL-22 Past Paper: 2009 Paper 1 

 

 
 

 
  



 

Perpendicular Bisectors 
 

A perpendicular bisector of a line is another line which cuts it in half at right angles. Note that 
within a triangle, a perpendicular bisector will not necessarily pass through a vertex. A triangle 
has three perpendicular bisectors. 

 

 

 

 

 

 

 

 

 

To find the equation of a perpendicular bisector we: 

 Calculate the midpoint of the side 
 Calculate the gradient of the side 
 Calculate the perpendicular gradient 
 Calculate the equation of the line using the perpendicular gradient and the coordinates 

of the midpoint. 

 

Perpendicular bisectors are concurrent, meaning all three meet at one single point called the 

circumcentre.   

Examples 
 

SL-23  For triangle GJK with vertices 𝐺(−2, −8), 𝐽 (0, 5) and 𝐾 (1, 2) find the equation of  

 the perpendicular bisector of side 𝐾𝐺. 

 

 

  



 

SL-24  Past Paper: 2012 Paper 1 

 

 

 



 

Summary 
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