
 

Basics of Circle 

You might already know that Circles have the least surface area but did you 

ever think about the geometry which makes it so? Well yes, like straight 

lines, circles have geometry too and trust me when I say, it is as easy as its 

linear counterpart. After all, how difficult is it to understand a curve. So, 

let’s roll around the concepts and understand a Circle. 

Equation of Circle – 

Usually, just after the above heading, you’ll find the line written “The 

equation of a circle is given by…!”. But let’s not do that. We will derive it 

from scratch. 

Let us take a circle of radius ‘r’ and put it on the coordinate plane. Take the 

centre at O(h,k) and then a point A on the circumference and assume its 

coordinates to be (x,y) and join OA. Now, we will assume a point B inside 

the given circle such that OB is ⊥ to AB which gives us a right angled 

triangle AOB with right angle at B. This makes OA, hypotenuse. 



 

 

From Pythagoras Theorem, we can say that 

O 

B 

2 

+A 

B 

2 

=O 

A 

2 



 
Here, OA = r; OB = difference in the x-coordinate = x – h; AB = difference 

in the y-coordinate = y – k 

which means,  
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and this is the equation of a circle. Now if you’re thinking that this is just at 

one point, then stop yourself right there. You can take a similar point on 

any part of the circumference and still you’ll get the same result. 



 
So, this equation is more like a collection of all such points on the 

circumference and is, hence, the equation of a circle. 

The centre of this circle is at (h, k) and if you move it to the origin then the 

equation will become 
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Equation of circle in parametric form – 

Parametric Equation of circle with centre  



 

(h,k) 

 and radius R is given by 

x=h+Rcosθ 

 &  

y=k+Rsinθ 

where θ is the parameter. 

Solved Examples for You 

Q. 1 Convert the equation  
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–4x+6y–12=0 



 
 into standard form and hence find its centre. 

Sol – Here we have  
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⇒  
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Add & subtract 4 & 9 to get perfect squares, 

⇒  
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which is the standard form of equation of circle. Also, the centre is at (2, 

-3). 

Q.2: If we have a circle of radius 20 cm with its centre at the origin, the 

circle can be described by the pair of equations? 



 
Sol – We know that for parametric form of equation of circle, 

x=h+Rcosθ 

 &  

y=k+Rsinθ 

Here, since the centre is at (0, 0), so, h = k = 0 and it is already mentioned 

that radius is 20 cm. Thus,  

x=20cost 

 &  

y=20sint 

 are the required pair of equations. 

Arc of a Circle 

Today let us look at the concept of arcs in a circle. You can expect 

quite a number of questions from this section, in your examination. 

Therefore, it is important that you understand the basic details of an 

arc. We will look at the concept in more details and also study a few 

examples of the same. 

What is An Arc? 

https://www.toppr.com/guides/+maths/mensuration/circles/


 

An arc is a continuous piece of a circle. This is the simplest way of 

expressing the definition. For example, let us consider the below 

diagram. Let P and Q be any two points on the circumference of a 

circle that has the center at O. It can be clearly seen that the entire 

circle is now divided into two parts namely arc QBP and arc PAQ. 

The arcs are denoted by ∠QBP and ∠PAQ respectively. 

 

Arcs of a circle 

You can also denote them by writing as ∠QP and ∠PQ respectively. 

Let us look at what are major and minor arcs now. 

● Minor Arc: An arc that is basically less than half of the whole 

arc of any circle is known as its minor arc. In the above 

diagram, ∠PQ is the minor arc. 

https://www.toppr.com/bytes/center-mass-collisions-better-insight/


 

● Major Arc: The arc which is greater than the half of a circle is 

known as the major arc of the main circle. In the above figure, 

∠QP is the major arc. 

We hope you have got a better idea of the major and minor arcs now. 

Let us now look at some other basic concepts of it in same. 

Central Angle 

A central angle is nothing but the angle that is subtended by the major 

or minor arc at the center of any circle. In the figure below, ∠PQ 

subtends the central angle ∠POQ at the center of the circle. 

Degree Measure of an Arc 

Let us consider ∠PQ to be an arc of the circle with its center at O. If 

∠POQ is equal to an angle of θ°, we can definitely say that the degree 

measure of ∠PQ is θ°. We can also write it as m ( PQ ) = θ°. 

https://www.toppr.com/guides/maths/lines-and-angles/angles-and-its-types/
https://www.toppr.com/guides/maths/parts-and-wholes/equal-and-unequal-parts/


 

 

Arcs of a circle 

If m( PQ ) = θ°, then how do we calculate the measure of the 

complementary angle ∠QP. We can write m( QP ) = (360 – θ)°. The 

degree measure of a circle is 360°. Now, we move on to the next topic 

of congruent arcs. 

Congruent Arcs 

Two arcs can be called congruent if they have the same degree 

measure. If AB and CD are two arcs of the same circle, then they form 

∠AOB and ∠COD at the center. If the measure of these two angles 

is the same, then ∠AB and ∠CD are said to be congruent arcs. 

Semi Circle 

https://www.toppr.com/guides/maths/triangles/congruent-triangles/
https://www.toppr.com/guides/maths/differential-equations/order-and-degree-of-a-differential-equation/


 

A diameter of a circle divides it into two equal arcs. Each of the arcs is 

known as a semi-circle. So, there are two semi-circles in a full circle. 

The degree measure of each of the semi-circles is 180 degrees. 

Congruent Circles 

If the radii of two circles are exactly the same value, then the circles 

are called to be congruent. 

Concentric Circles 

Two or more circles that have different radii but the same center are 

called as concentric circles. 

 

Solved Example For You 

https://www.toppr.com/guides/fundamentals-of-business-mathematics-and-statistics/index-numbers/value-index-number/


 

Q. If the radius of a circle is 5 cm and the measure of the arc is 110˚, 

what is the length of the arc? 

Sol: Arc length = 2πr × m/360° 

= 2π × 5 × 110°/360° 

=9.6 cm 

Tangents to a Circle 

Tangent to a circle is a line that touches the circle at one point, which 

is known as Tangency. At the point of Tangency, Tangent to a circle is 

always perpendicular to the radius. Let us learn more about tangents in 

this chapter. 

Tangent to a Circle 

The line that joins two infinitely close points from a point on the circle 

is a Tangent. In other words, we can say that the lines that intersect the 

circles exactly in one single point are Tangents. Point of tangency is 

the point where the tangent touches the circle. At the point of 

tangency, a tangent is perpendicular to the radius. Several theorems 

https://www.toppr.com/guides/physics/units-and-measurement/measurement-of-length-mass-and-time/
https://www.toppr.com/guides/physics/motion-in-a-straight-line/position-path-length-and-displacement/
https://www.toppr.com/guides/maths/basic-geometrical-ideas/lines/
https://www.toppr.com/guides/maths/basic-quadrilateral-ideas/circle/
https://www.toppr.com/guides/maths/application-of-derivatives/tangents-and-normals/


 

are related to this because it plays a significant role in geometrical 

constructions and proofs. We will look at them one by one. 

 

[Source: Illustrative Mathematics] 

Tangents Formula 

The formula for the tangent is given below. For the description of 

formula, please look at the following diagram. 

https://www.toppr.com/guides/maths/practical-geometry/constructions/


 

 

[Source: Jim Wilson at UGA] 

Here, we consider a circle where P is the exterior point. From that exterior 

point, the circle has the tangent at a points A and B. A straight line which cuts 

curve into two or more parts is known as a secant. So, here secant is PR is 

drawn and at Q, R intersects the circle as shown in the upper diagram. The 

formula for tangent-secant states that: 

PR/PS = PS/PQ 

PS2 = PQ.PR 

Properties of Tangents 

Remember the following points about the properties of tangents- 

● The tangent line never crosses the circle, it just touches the 

circle. 

● At the point of tangency, it is perpendicular to the radius. 



 

● A chord and tangent form an angle and this angle is same as 

that of tangent inscribed on the opposite side of the chord. 

● From the same external point, the tangent segments to a circle 

are equal. 

Learn more about Arc of a Circle here in detail. 

Theorems for Tangents to Circle 

Theorem 1 

A radius is obtained by joining the centre and the point of tangency. 

The tangent at a point on a circle is at right angles to this radius. Just 

follow this below diagram: Here AB⊥OP 

 

[Source: Gradeup] 

Theorem 2 

https://www.toppr.com/guides/maths/circles/theorems-related-chords-circle/
https://www.toppr.com/guides/maths/circles/arc-of-a-circle/


 

This theorem states that if from one external point, two tangents are 

drawn to a circle then they have equal tangent segments. Tangent 

segment means line joining to the external point and the point of 

tangency. Consider the following diagram: Here, AC=BC. 

 

[Source: Mathematics Stack Exchange] 

These are some of the basic theorems on tangents to a circle. In the next 

section, we will look at some of the basic properties of tangents. 

Learn more about Cyclic Quadrilateral here in detail. 

Solved Example for You 

Question: Give some properties of tangents to a circle. 

https://www.toppr.com/guides/maths/circles/cyclic-quadrilateral-and-intersecting-non-intersecting-circles/


 

Solution: The properties are as follows: 

● The tangent line never crosses the circle, it just touches the 

circle. 

● At the point of tangency, it is perpendicular to the radius. 

● A chord and tangent form an angle and this angle is same as 

that of tangent inscribed on the opposite side of the chord. 

● From the same external point, the tangent segments to a circle 

are equal. 

Chord of Circle: Theorems, Properties, 
Definitions, Videos 

Chord of Circle is a line segment that joins any two points of the 

circle. The endpoints of this line segments lie on the circumference of 

the circle. Secant is the extension of the Chord. 

What is a Chord? 

A Chord is a line segment that joins any two points of the circle. The 

endpoints of this line segments lie on the circumference of the circle. 

https://www.toppr.com/guides/maths/practical-geometry/construction-related-to-line-segment/
https://www.toppr.com/guides/+maths/mensuration/circles/


 

Diameter is the Chord that passes through the center of the circle. It is 

the longest chord possible in a circle. Chord is derived from a Latin 

word “Chorda” which means “Bowstring“. T A Segment of the circle 

is the region that lies between the Chord and either of Arcs. You 

already know about the concepts of arc and circumference. Let us now 

look at the theorems related to chords of a circle. 

 

Chord of a Circle Theorems 

1. Theorem 1: Equal chords of a circle subtend equal angles at the 

center. 

https://www.toppr.com/guides/maths/circles/arc-of-a-circle/


 

 

2. Theorem 2: This is the converse of the previous theorem. It implies 

that if two chords subtend equal angles at the center, they are equal. 

3. Theorem 3: A perpendicular dropped from the center of the circle to 

a chord bisects it. It means that both the halves of the chords are equal 

in length. 

https://www.toppr.com/guides/physics/units-and-measurement/measurement-of-length-mass-and-time/


 

 

4. Theorem 4: The line that is drawn through the center of the circle to 

the midpoint of the chords is perpendicular to it. In other words, any 

line from the center that bisects a chord is perpendicular to the chord. 

5. Theorem 5: If there are three non-collinear points, then there is just 

one circle that can pass through them. 

6. Theorem 6: Equal chords of a circle are equidistant from the center 

of a circle. 

7. Theorem 7: This is the converse of the previous theorem. It states 

that chords equidistant from the center of a circle are equal in length. 

https://www.toppr.com/guides/maths/three-dimensional-geometry/equation-plane-perpendicular-given-vector-passing-through-given-point/
https://www.toppr.com/guides/maths/three-dimensional-geometry/equation-of-plane-passing-through-three-non-collinear-points/
https://www.toppr.com/bytes/center-mass-collisions-better-insight/


 

 

8. Theorem 8: The angle subtended by an arc at the center of a circle 

is double that of the angle that the arc subtends at any other given 

point on the circle. 

9. Theorem 9: Angles formed in the same segment of a circle are 

always equal in measure. 

10. Theorem 10: If the line segment joining any two points subtends 

equal angles at two other points that are on the same side, they are 

concyclic. This means that they all lie on the same circle. 

These are some of the basic theorems on the chords and arcs of a 

circle. We will read about some other theorems in the next chapter. 

Let us look at some solved examples based on these theorems. 

https://www.toppr.com/guides/maths/lines-and-angles/angles-and-its-types/
https://www.toppr.com/guides/maths/parts-and-wholes/equal-and-unequal-parts/
https://www.toppr.com/guides/maths/introduction-to-three-dimensional-geometry/distance-between-two-points/
https://www.toppr.com/guides/maths/probability/basic-theorems-of-probability/


 

Solved Example For You 

Q. In the following diagram, calculate the measure of ∠POQ when 

the value of ∠PRQ is given 620. 

 

Ans: According to the theorem of chords of a circle, the angle 

subtended at the center of the circle by an arc is twice the angle 

subtended by it at any other point on the circumference. Hence, 

∠POQ is equal to two times of ∠PRQ. Therefore, ∠POQ = 2 x 

∠PRQ 

⇒ ∠POQ  = 2 x 620 = 1240 

Cyclic Quadrilateral and Intersecting / 
Non-intersecting Circles 



 

We all have played (and many still play) games where participants 

(children and adults alike) were made to sit in the formation of a circle 

and different games like Cat and Mouse, Passing the Parcel, etc. were 

played. Well, the Mathematical games involving geometrical figures 

like a quadrilateral, are no less fun. Let us know more! 

What is a Cyclic Quadrilateral? 

A Cyclic Quadrilateral is a four-sided figure whose all four vertices lie 

on the circle. In other words, it is a quadrilateral whose all four 

vertices touch the circle. 

 

[Source: BBC] 

Observation 

● The sum of opposite angles of a cyclic quadrilateral is 180º. 

● The sum of opposite angles of a cyclic quadrilateral is equal to 

the sum of other two opposite angles. 

https://www.toppr.com/guides/maths/mathematical-reasoning/mathematical-statement/
https://www.toppr.com/guides/quantitative-aptitude/mensuration/results-of-quadrilaterals/
https://www.toppr.com/guides/english/vocabulary/words/
https://www.toppr.com/guides/maths/understanding-elementary-shapes/types-of-angles/


 

● These observations hold TRUE for any shape of a cyclic 

quadrilateral. 

 

In the figure given above, ABCD is a cyclic quadrilateral. O is any 

point inside this quadrilateral joined by line segments to vertices B 

and D. We make the following observations: – 

● ∠ 
●  DCB = ( 
● ∠ 
●  DOB) / 2 

● ∠ 
●  DAB = ( 
● ∠ 
●  BOD) / 2 

https://www.toppr.com/guides/maths/shapes-and-angles/intro-shapes-and-angles/


 

Reason 

The angle subtended by a chord at the centre of the circle is twice the 

angle subtended by the same arc at any other point. Adding equations 

(a) and (b), we get: – 

∠ 

 DCB + 

∠ 

 DAB = ( 

∠ 

 DOB + 

∠ 

 BOD) / 2 — (c) 

Looking at the figure, it is clear that the sum of angles about point O 
{forming the R.H.S. of equation (c)} is 360º. Therefore, 



 

∠ 

 DCB + 

∠ 

 DAB = 360 / 2 = 180 º. And similarly, 

∠ 

 ABC + 

∠ 

 ADC = 180º. 

Theorem 1.0 

Converse Theorem: “If the sum of either pair of opposite angles of a 

quadrilateral is 180º, the quadrilateral is cyclic.” 



 

 

[Source: ekShiksha] 

To prove:  
∠ 
AEB = 60º 

Proof: AB is the diameter of a circle and CD is a chord, whose length 

is equal to the radius of the circle. So, 

CD = OA = OB = OC = OD = AB / 2 — (d) 

AC and BD have been extended to meet at point E. By equation (d) 
we can deduce that – 

∠ 

 COD = 60º (Δ COD is an equilateral Δ). Therefore, CD subtends an 

angle of 30º on any other point on the circle. 



 

∠ 

 CBE = 30º 

Since AB is the diameter, so it subtends an angle of 90º at point C on 
the circle; giving: 

∠ 

 ACB = 90º = 

∠ 

 BCE (ACE is a straight line segment). In Δ ECB, 

∠ 

 BEC = 60º (Sum of all the angles of a Δ is 180º). Hence proved. 

What are Intersecting and Non-intersecting 
Circles? 

Terminologies 

● A circle is a 2-D geometrical shape where every point when 

measured from its centre is at an equal distance, called the 

radius. 



 

● A chord is a straight line joining any two points situated on the 

perimeter of a circle. 

● The longest chord of the circle is the diameter; twice the length 

of the radius. 

● A continuous piece of a circle is called an arc. 

Intersecting Circles 

Now, two circles of equal or unequal radii are said to be intersecting, 

if any one of the following two conditions are met: 

● Either of the two circles meets at two distinct points and 

intersects the other circle at those points. Here, the two points 

of either circle intersect the perimeter of the other circle at blue 

dots. The circles “just touch each – other” at a single point of 

contact. 

https://www.toppr.com/guides/maths/straight-lines/basics-of-straight-lines/
https://www.toppr.com/guides/maths/circles/arc-of-a-circle/
https://www.toppr.com/guides/+maths/mensuration/circles/


 

 

● Here, the single point of contact of either circle intersects the 

other circle at blue dot. 

 

Non – Intersecting Circles 

● Two circles are said to be non – intersecting if they do not 

intersect each other at any point in the given plane. 



 

 

● Concentric circles are also non-intersecting circles because 

although they have a single centre point, no point of either 

touches the rest of the circles. 

 

Theorem 2.0 

Theorem: Prove that if 2 circles intersect at 2 points, then the line 

segment through their respective centres is perpendicular to the 

common chord. 



 

 

Given: 2 circles with centres O and O’ with points of intersection A 

and B. 

To prove: OO’ is perpendicular bisector of AB. 

Construction: Draw line segments OA, OB, O’A and O’B. 

Proof: In ΔOAO’ and ΔOBO’, 

● OA = OB = r (radius) 

● O’A = O’B = s (radius) 

● And, OO’ = OO’ 

https://www.toppr.com/guides/maths/constructions/basic-constructions/


 

Therefore, by SSS criterion of congruency, ΔOAO’ and ΔOBO’ are 

congruent. So, Angle AOO’ = Angle BOO’ and Angle AOM = Angle 

BOM. Marking M as the point of intersection of OO’ and AB – 

In ΔAOM and ΔBOM, OA = OB = r (radius) 

∠ 

 AOM = 

∠ 

 BOM 

And, OM = OM (common side) 

Therefore, by SAS criterion of congruency, ΔAOM and ΔBOM are 
congruent. So, AM = BM & 

∠ 

 AMO = 

∠ 



 

 BOM 

Now, 

∠ 

 AOM + 

∠ 

 BMO = 180º 

2( 

∠ 

 AOM) = 180º 

Therefore, 

∠ 

 AOM = 90º 

Thus, AM = BM and 



 

∠ 

 AOM = 

∠ 

 BMO = 90º 

Hence, OO’ is the perpendicular bisector of AB. 

Solved Example for You 

Q. Given that, ABCD is a cyclic quadrilateral in which AC and BD 

are its diagonals. 

If 

∠ 

 DBC = 55º and 

∠ 

 BAC = 45º, find 



 

∠ 

 BCD. 

 

[Source: LearnCBSE] 

Sol: Since 

∠ 

 DAC and 

∠ 

 DBC are subtended by the same chord DC, 

∠ 

https://www.toppr.com/guides/maths/circles/theorems-related-chords-circle/


 

 DAC = 

∠ 

 DBC = 55º 

By the property of cyclic quadrilateral, 

∠ 

 BAD + 

∠ 

 BCD = 180º [ 

∠ 

 BAD = 45º + 55º = 100º] 

So, 

∠ 

 BCD = 180º – 100º 



 

Therefore, 

∠ 

 BCD = 80º 


