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2.1 INTRODUCTION

As we know that wheel has been the most revolutionary invention for transport and industrial revolution. In engineering
many machine parts are circular in shape or uses part of a circle or some of their features. e.g. gears, pulleys, bearings etc.  We shall be
required to construct circle and circular features in many drawings of Engineering Graphics. In this chapter let us learn how to draw
these and acquire the skill very well.

2.2 LET US RECALL

You have already learnt about circle and its construction in variety of problems in your earlier classes. Let us recall. Study the
figure 2.1 and fill in the blanks with the choices given :  (point of contact, Centre, Radius, Diameter, Chord, Tangent, Normal, Sector,
∠OPG|∠OPF, segments, O, OA, OC, OP, OB, radii, BC, P, arc, DE, twice, Semi circle.)

Q1. The fixed point ....... is the ...............

Q2. The constant distance from centre to any point on its circumference distances ........, ............ , ............. and  ................ are .................

Q3. The line passing through the centre having its extremities on the circumference of the circle is ................. and is called ................

Q4. The line touching the circle at a point ....................... is known as ........................... .

Q5. The line perpendicular to tangent and  joining the centre is  named ..................... and angles ............... and ................... are 90°.

Q6. One of the ...................... is AC.

Q7. The portion of circle with arc BP and two corresponding radii is named................ .

Q8. The line segment ................ is known as .............................

Q9. The chord divides the circle in two parts called .................. .

Q10. The diameter is  ................................ the radius.

Q11. A circle can be drawn when its ........................ and ................................... are given.

Q12. A diameter divides the circle into to equal halves which are known as ...................... .

Q13. The point P is named .....................

Chapter  2
CIRCLES, SEMI CIRCLES AND TANGENTS

Fig. 2.1
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2.3 CONSTRUCTIONS OF CIRCLES

SOLVED EXAMPLES

Example 1

To find the centre of a given circle which is drawn without using compass. Use any circular object
like glass tumbler, bottle cap etc.

Solution : Refer Fig. 2.2 (i) Draw AB and CD two chords of the circle at any angle (except parallel
chords) (ii) Find the perpendicular bisectors of both of them (iii) The point of intersection of the
right bisectors (point O) is the centre of the circle.

Example 2

To draw a circle passing through three non-collinear points A, B and C.

Solution : Refer fig. 2.3 (i) Take any three points A, B, and C. (ii) Join A with B and B with C. (iii) Find
the perpendicular bisectors of AB and BC. (iv) Name the point of intersection of these
perpendicular bisectors as O. (v)Now with O as centre and OA or OB or OC as radius, draw the
circle through A, B and C points.

Example 3

Given the arc PQ, complete the circle.

Solution :  Refer Fig. 2.4 Take any circular arc PQ (ii) Take any point R on PQ (iii) Find the
perpendicular bisectors of PR and RQ (iv) Name the point of intersection of these as O. (v) Now
draw a circle with O as centre and OP as radius. Can you name the other two radii like OP ?

Fig. 2.2

Fig. 2.3

Fig. 2.4
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2.4 TANGENT OF A CIRCLE

The tangent is a line which touches the circle at a point. Give names of the point at which the tangent touches a circle and the line
(OP) joining the centre with the point common on tangent and the circle. What is the angle made by tangent and this line (OP) ? In
Engineering many machine parts use circle/arc of the circle and the tangents. Let us learn how to construct tangents in different
positions.

Fig. 2.5

Fig. 2.6

Example 4

To draw a tangent on the given circle of radius 25 mm at any given point P on it.

Solution : Refer Fig. 2.5 (i) Draw the circle of radius 25 mm. Name the centre O. (ii) Take any point
P on it. (iii) On OP at point O make a 90° angle by compass. (iv)The line SQ touching the circle at
point P is the required tangent. Can you tell how many tangents through P are possible ?

Example 5

To draw a tangent to a circle of radius 30 mm from a given point P, 65 mm from the centre.

Solution :  Refer Fig. 2.6 (i)Draw a circle of radius 30 mm. Name the centre O (ii) Take any line
segment OP = 65 mm (iii) Draw a semicircle on OP (iv) Join the point of intersection of the circle
with the semicircle drawn i.e. Q with P. PQ line is the required tangent. Is it possible to draw this
tangent below line OP ? If so, draw it also. How many tangents to the given circle can be drawn
from point P ?

2.4.1 EXTERNAL AND INTERNAL TANGENT OF CIRCLES

We have learnt in this chapter, under article 2.3, how to draw tangent to a circle at a given point on it and also from a point to it. Now,
we shall be learning how to draw tangent to two circles in different conditions. Can you guess? The two given circles may be touching,
intersecting and non-intersecting. Also their radii may be equal  or unequal. Therefore, different cases arise.
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TRY THESE
Fill in the blanks from the given options.  (sum, difference, multification, division)
(i) If two circles touch externally, the distance between their centres will be ........................... of their radii.
(ii) If two circles touch internally the distance between their centres will be ..................... of their radii.

(Hint : Study the following examples and find the answers to above)

Fig. 2.7

Fig. 2.8

Fig. 2.9

Example 6

Draw an external common tangent to two circles of equal radii of 20 mm each when their
centres are 45 mm apart.

Solution : Refer Fig. 2.7 (i) Draw two circles, each of radius R20 with their centres 45 mm
apart (ii) Construct a 90° angle at O and O1. The points P and Q are points of tangency. Join
P with Q to obtain the tangent. (Is it possible to draw another such tangent below also. If so,
please draw that as well. If not, then give the reason)

Note : An External tangent is also known as Exterior or Direct common tangent.

Example 7

Draw an external common tangent to two externally touching circles (i) with equal radii R
20 mm each, (ii) with unequal radii of R 20 mm and R 25 mm.

Solution :  Refer Fig. 2.8 and Fig. 2.9 For case (i) : See the steps of construction in example 6
For case (ii) Draw the two touching circles with radius R25 mm and radius R 20 mm. (ii) Draw
a semi circle on OO1 (iii) Draw a perpendicular on OO1 at A, (point at which the given circles
touch externally) intersecting the semi circle drawn at point B (iv) Now with B as centre and
BA as radius, draw the circular arc to get P and Q on the two given circles. PQ is the required
common tangent.

Try This : Name another external common tangent and its point of tangency.
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Example 8

Draw an external common tangent to two non-intersecting and unequal circles, with
their radii as R25 mm and R 15 mm when their centres are 60 mm apart.

Solution :  Refer Fig. 2.10 (i) Draw the two circles with radius R25 mm and R15 mm
with their centres 60 mm apart (ii) Now, draw another circle with O as centre and with
radius equal to the difference of the radii of the given circles i.e. (25 - 15 = 10) (iii) Then
draw  a semi circle on OO1, cutting the circle of radius 10 mm at point A (iv) Join O with
A and extend it to cut the circle of radius 25 mm at point P. (v)From point O1 draw O1 Q
parallel to OP giving us the point Q. (vi) Join PQ, which is the required tangent.

Example 9

Draw an external common tangent to two intersecting and unequal circles, with their
radii as R 25 and R 15 with their centres 35 mm apart.

Solution :  Refer Fig. 2.11 (i) Draw the given two circles with radii 25 mm and 15 mm
with their centres 35 mm part (ii) Take OA at an angle on the (R25) circle (iii) Now draw
O1 B parallel to OA. Join A with B and extend it to get point C on OO1 extended, (iv)
Draw a semi circle on OC to get point P on circle of radius R25. Join P with C. PC is the
required tangent.

Example 10

Draw an internal tangent to two circles, each of radius 20 mm when their centres are
60 mm apart.

Solution :  Refer Fig. 2.12 (i) Draw the given two circles with their centres 60 mm apart
(ii) Right bisect OO1 to get M (Mid-point of OO1) (iii) Draw a semi circle on OM to get
point P. (iv) Draw O1 Q parallel to OP. Join PQ, which is the required internal tangent.
(Note : The tangent passes through M).

Fig. 2.10

Fig. 2.11

Fig. 2.12
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Example 11

Draw an internal common tangent to two non intersecting and unequal circles, with
their radii as R 20 mm and R 15 mm and their centres 60 mm apart.

Solution :  Refer Fig. 2.13 (i) Draw the two given circles with their centres 60 mm
apart (ii) Draw a semicircle on OO1. (iii) Draw O as centre and sum of the radii as
radius, draw a circular arc to cut the semi circle drawn at point A (iv) Join OA to get
point P on the circle having radius = 20 mm (v) From O1 draw O1 Q parallel to OP. The
required tangent is PQ.

2.5 INSCRIBING OF CIRCLES

You have learnt in your study of the geometry in the previous classes that a circle drawn to passes through all the vertices of a given
rectilinear figure is called circumscribing circle. Can you guess what could be inscribing then?  Yes your guess is correct that a circle
drawn inside to touch all the sides of the given rectilinear figure is inscribing circle. If this is so, then what is the distance of these
touching lines from the centre? Recall the distance of the centre from the point of
tangency.

In all these kind of problems we attempt to find out the centre and the radius is
obtained by drawing a perpendicular from centre to any one of the touching lines
of the given rectilinear figure.

Example 12

Draw the given equilateral triangle of side = 50 mm. Inscribe a circle in it.

Solution :  Refer Fig. 2.14 (i) Draw the given equilateral triangle ABC with side = 50
mm (ii) Find the angle bisectors of angle B and angle C to meet at O (iii) From O draw
OD perpendicular to BC (iv) Now, O as centre and OD radius draw the circle to touch
all the sides of the triangle. (Note that the sides AB, BC and CA are tangents to the
circles drawn)

Fig. 2.13

Fig. 2.14
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Example 13

Draw a given square whose diagonal is 60 mm. Inscribe a circle in it.

Solution :  Refer Fig. 2.15 (i) Draw a square whose diagonal is 60 mm (ii) Name the square ABCD
and the point of intersection of AC and BD as O (iii) From O drop a perpendicular (OE) from point
O on any one side (iv) Now with O as centre and radius = OE, draw a circle to touch all two sides
of the square.

Example 14

Draw a given rhombus whose each side = 55 mm and incribe a circle in it.

Solution :  Refer Fig. 2.16 (i) Draw a rhombus whose each side = 55 mm. (ii) Obtain the centre O
by joining the two diagonals AC and BD (iii) From O draw a perpendicular on AB (iv) Now with O
as centre and OE radius draw the required circle.

Example 15

Inscribe a circle in a regular pentagon whose one side = 40 mm.

Solution :  Refer Fig. 2.17 (i) Draw the regular pentagon whose one side = 40 mm. (ii) Find the
angle bisector of ∠EAB and ∠ABC to intersect at O. (iii) From O draw a perpendicular (OF) to side
AB (iv) Now with O as centre and OF radius, draw a circle to touch all the sides of the pentagon.

Fig. 2.15

Fig. 2.16

Fig. 2.17
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Example 16

Inscribe a circle in a regular hexagon whose diagonal is given as 60 mm.

Solution :  Refer Fig. 2.18 (i) Draw the regular hexagon whose diagonal AD= 60 mm (ii) Join
opposite corners to obtain the other two diagonals to cut at O (iii) From O drop a perpendicular
OG on side AB (iv) Now O as centre and OG radius draw the required circle.

Example 17

Inscribe a circle in a regular Octagon whose one side = 30 mm.

Solution :  Refer Fig. 2.19 (i) Draw the regular Octagon whose side = 30 mm (ii) Join any two
opposite corners to obtain the two diagonals AE and BF which meet at O (iii) From O draw a
perpendicular OK to AB. (iv) Now O as centre and OK radius draw the required circle.

Fig. 2.18

Fig. 2.19
ASSIGNMENT

Q1. Draw a circle of any convenient radius without  using compass and find its centre.

Q2. Draw a triangle ABC with AB = 40 mm, BC = 50 mm and CA = 60 mm. Draw a circle passing through A, B and C.

Q3. Draw any arc (without using compass) Now complete the circle of which this arc is a part.
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Q4. Draw a circle of radius 20 mm and take a point P on it. Draw a tangent at P.

Q5. You are given a circle of radius 25 mm and a point P, 55 mm from the centre of this circle. Draw two tangents from this point
on the circle.

Q6. Two circles of each radii, each = 25 mm have their centres 65 mm apart. Draw two external common tangents to these
circles.

Q7. There are two circles which touch externally. Draw them by taking each radius = 30 mm and then draw two external common
tangents to these circles.

Q8. Draw two touching circles whose radii are 20 mm and 15 mm. Draw an external common tangent to these circles.

Q9. Two circles, R30 mm and R15 mm have their centres 70 mm apart. Draw an external common tangent to these circles.

Q10. There are two intersecting circles with their centres 30 mm apart and radii equal to 25 mm and 15 mm. Draw an external
common tangent to these circles.

Q11. Two equal circles of radii each = 30 mm have their centres 80 mm apart. Draw an internal common tangent to them.

Q12. Draw an internal common tangent to two circles whose radii are 25 mm and 20 mm and their centres are 70 mm apart.

Q13. Draw an equilateral triangle of height = 55 mm. Inscribe a circle in it.

Q14. Inscribe a circle in a given square of side = 40 mm.

Q15. Inscribe a circle in a rhombus whose diagonals arc 70 mm and 40 mm.

Q16. Draw a regular pentagon of side = 45 mm. Inscribe a circle in it.

Q17. In a regular hexagon of diagonal = 70 mm and inscribe a circle in it.

Q18. Draw a regular Octagon of side = 25 mm. Inscribe a circle in it.

Q19. Draw an angle ABC = 60° with AB = BC = 80 mm Now draw a circle of radius = 15 mm touching lines AB and BC.

Q20. Two pulleys of radii 30 mm and 20 mm have their centres 70 mm apart. Show the arrangment (i) Direct belt (two direct
common tangents) and (ii)cross -belt (two internal common tangents).




