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Equation of a Circle with Centre (𝑎, 𝑏) 
 
The equation of a circle with centre (𝑎, 𝑏) and radius 𝑟, can be given by 

 

     (𝑥 −  𝑎)2  +  (𝑦 −  𝑏)2  =  𝑟2 

 

To find out if a point lies inside, on or outside a circle you must substitute the 𝑥 and 𝑦 values 
into the equation. 

 

If (𝑥 −  𝑎)2  +  (𝑦 −  𝑏)2 <  𝑟2 the point lies inside the circle. 

If (𝑥 −  𝑎)2  +  (𝑦 −  𝑏)2  =  𝑟2 the point lies on the circle. 

If (𝑥 −  𝑎)2  +  (𝑦 −  𝑏)2 >  𝑟2 the point lies outside the circle. 

Examples 
 
C-01 Write down the equation of the circle with given centre and radius 

 
 (a) (2, 1);  7  (b) (−4, 2);  3  (c) (5, −4); 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 =  3 

 

            
C-02 State the centre and radius of each of these circles 

 

  (a)  (𝑥 +  1)2  +  (𝑦 −  12)2  =  40 

 

  (b)  (𝑥 −  3)2  +  (𝑦 −  4)2  =  225 

 

       
C-03 Find the equation of the circle that passes through the point (2,5) and has a   
 centre of(−1,2). 
 

 
 

 



 

C-04 Given (𝑥 −  3)2  + (𝑦 +  2)2  =  100 is a circle, does A(9,-6) lie inside, on or outside  
 the circle? 
 

 

General Equation of a Circle 
 

The general equation of a circle is given by 

 

     𝑥2  +  𝑦2  +  2𝑔𝑥 +  2𝑓𝑦 +  𝑐 =  0 

 

with a centre of (−𝑔, −𝑓) and radius √𝑔2  + 𝑓2  −  𝑐     

 
This is given in a formulae sheet! 

 

Note:  For a circle to exist then 𝑔2  +  𝑓2  −  𝑐 >  0  

 

To find out if a point lies inside, on or outside a circle you must substitute the 𝑥 and 𝑦 values 
into the equation. 

 

If 𝑥2  +  𝑦2  +  2𝑔𝑥 +  2𝑓𝑦 +  𝑐 <  0 the point lies inside the circle. 

If 𝑥2  +  𝑦2  +  2𝑔𝑥 +  2𝑓𝑦 +  𝑐 =  0 the point lies on the circle. 

If 𝑥2  +  𝑦2  +  2𝑔𝑥 +  2𝑓𝑦 +  𝑐 >  0 the point lies outside the circle. 

 

Examples 
 
C-05 Do these equations represent circles? 

 

  (a)  𝑥2  +  𝑦2  −  6𝑥 +  2𝑦 −  2 =  0 

 

  (b)  𝑥2  +  𝑦2  +  2𝑥 −  2𝑦 +  9 =  0 

 

   



 

C-06 State the centre and radius of each of these circles 

 

  (a)  𝑥2  +  𝑦2  −  8𝑥 −  10𝑦 +  3 =  0 

 

  (b)  𝑥2  +  𝑦2  −  4𝑥 +  6𝑦 −  5 =  0 

 

 
 

C-07 A circle 𝑥2  +  𝑦2  +  4𝑥 −  2𝑦 −  84 =  0 has a diameter 𝐴𝐵.  If A is the point (−10, −4), 
 find the coordinates of B. 

 
C-08 Given 𝑥2  +  𝑦2  −  8𝑥 −  10𝑦 − 8 =  0 is a circle, does A(1, −2) lie inside, on or outside 
 the circle? 

 
 

 

 



 

Circle in Context 

Examples 
 

C-09 The circle 𝑥2  +  𝑦2 + 2𝑥 − 14𝑦 − 15 =  0 cuts the 𝑥-axis at points A and B, and the  
 𝑦-axis at C and D.  Calculate the length of AB and CD. 

 

 
 

C-10 Circle C1 and C2 are concentric. The larger circle has the equation    

 𝑥2  +  𝑦2  −  4𝑥 − 6𝑦 − 68 =  0.  The radius of the smaller circle is half that of the larger 
 circle.  State the equation of the smaller circle. 

 

 
C-11 Circle C1 and C2 are identical. C1 has a centre (0,0) and a radius of 6 units.    
 Circle C2 passes through the origin and its centre is on the 𝑦-axis.  State both  
 possible equations for circle C2. 

 



 

Points of Intersection with a Straight Line 
 

There are three possibilities for the point of intersection between a circle and a straight line: 

 

   * the circle and line intersect at two points 

   * the circle and line intersect at one point (tangent) 

   * the circle and line do not intersect 

This is similar to quadratic roots: two distinct roots, one repeated root and no real 
roots. 
 

To find points of intersection we substitute the equation of the straight line into the circle and 
solve. 

Examples 
 

C-12 Find the points of intersection of these circles and lines 

 

  (a)  𝑥2  +  𝑦2  =  10;  𝑦 =  3 

 

  (b)  𝑥2  +  𝑦2  +  2𝑥 −  2𝑦 −  11 =  0;  5𝑦 −  𝑥 +  7 =  0 

 

  (c)  𝑥2  +  𝑦2  −  8𝑥 −  4𝑦 −  20 =  0;  𝑦 =  3𝑥 +  10 

 

  (d)  𝑥2  +  𝑦2  −  8𝑥 −  10𝑦 −  8 =  0;  𝑦 =  −2𝑥 −  5 

 

 



 

 

  



 

Tangents to a Circle 
 
 

A tangent is a straight line that touches a circle at one point.  At this point, the radius of the 
circle and the straight line are at right angles. 

 
To find the equation of a tangent follow these steps: 

 
   * calculate the gradient of the radius (centre to POC) 

   * calculate 𝑚⊥ 

   * substitute POC and 𝑚⊥ into 𝑦 − 𝑏 = 𝑚(𝑥 − 𝑎) 

 

Examples 
 

C-13 Find the equation of the tangent to these circles at the given points: 

 

  (a) 𝑥2  +  𝑦2  −  4𝑥 −  2𝑦 −  3 =  0; (4,3) 
 

  (b) (𝑥 −  2)2  +  (𝑦 −  6)2  =  9; (2,3) 
 

         
 
 
 
 
 
 
 
 
 
 
 
 



 

C-14 Show that the line 𝑥 +  3𝑦 −  11 =  0 is a tangent to the circle  

𝑥2  +  𝑦2  +  2𝑥 +  12𝑦 −  53 =  0 and find the point of contact. 

 

 
 

C-15 Find the point of intersection, 𝑃, of the tangents to the circle  

 𝑥2  +  𝑦2  −  8𝑥 −  4𝑦 +  10 =  0 at the points 𝐴(1,1) and 𝐵(5,5) and prove that 𝐴𝑃 =  𝐵𝑃. 

 

 

 
 



 

Intersecting Circles 
 

 

To determine whether or not two circles intersect we compare the distance between the two 
centres, d, and both radii.  There are five possibilities: 

 

 * The circles meet externally at one point.  The distance  

  between centres is equal to the sum of the radii. 

 

     𝑑 =  𝑟1  +  𝑟2 

 
 
 * The circles meet at two points.  The distance between  

  centres is less than the sum of the radii. 

 

     𝑑 <  𝑟1  +  𝑟2 

 
 * The circles don't meet.  The distance between centres  

  is greater than the sum of the radii. 

 

     𝑑 >  𝑟1  +  𝑟2 

 
 * The circles meet at one point and one circle is inside 

  the other.  The distance between centres is equal to  

  the difference of the radii. 

 

     𝑑 =  𝑟1 −  𝑟2   

 

 * The circles don't touch and one circle is inside the other. 

  The distance between centres is less than the difference 

  of the radii. 

 

     𝑑 <  𝑟1 −  𝑟2   
 

Examples 
 

C-16 Determine how, if at all, these circles intersect: 

 

  (a) 𝑥2  +  𝑦2   +  16𝑥 +  8𝑦 −  320 =  0; 𝑥2   + 𝑦2  +  8𝑥 +  2𝑦 −  47 =  0 

 

  (b) 𝑥2   +  𝑦2  −  8𝑥 +  6𝑦 −  11 =  0; 𝑥2   +  𝑦2  +  4𝑥 −  10𝑦 +  4 =  0 

 

  (c) 𝑥2  +  𝑦2  −  2𝑥 +  4𝑦 −  14 =  0; 𝑥2  +  𝑦2  +  4𝑥 −  10𝑦 +  27 =  0 

 

 



 

 

 



 

 

 



 

Summary 

 


