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PREFACE

This programme of training in the Development of Content 

Enrichment Materials and Methodology of Mathematics for Teacher 

Educators at Secondary School Level was taken up at the request of

the Andhra Pradesh and Kerala states.

Consequent to up-gradation of the mathematics curriculum at 

the primary level in recent years, corresponding improvements at the 

secondary stage are necessitated. They ought to take into account 

the needs of a society influenced by rapid technological 

developments as it enters a new millennium. This requires the 

development of skills and competencies of a professional quality 

among teachers of mathematics. This programme is designed to 

meet such a need, with the following main specific objective.

To enable teacher educators to develop content enrichment 

materials in mathematics and methodology of teaching mathematics 

at secondary level.

The programme was held here at RIE, Mysore from 13-11-2000 

to 17-11-2000. Eleven participants from Kerala and twelve from 

Andhra Pradesh, in total 23 participants participated in the 

programme. Many of them are lecturers in CTEs, lASEs and a few 

are from DIETs and SCERTs. They have been given training in 

developing content enrichment materials and also the methodology

ii



of teaching the following topics by the maths faculty (the names are 

given against the topics).

1. Teaching of Concepts and Generalisations by Dr. B.S.P. Raju

2. Teaching of Trigonometry by Dr. B.S. Upadhyaya

3. Teaching of Number System by B.C. Basti

4. Teaching of Algorithms and Flow Charts by Dr. D. Basavayya
and Dr. B.S.P. Raju

A lecturer on “What is Mathematics and its Power” was given 

by Prof. G. Ravindra, the Principal of RIE, Mysore, and a film on 

“Conic Section, Number System” was viewed and also a lecture was 

on “Preparation of Audio-Video Instructional Material for Learning” 

was also arranged by Dr. Viswanathappa. The participants prepared 

enrichment materials in some of the topics of mathematics.

B.S.P. RAJU
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MATHEMATICS

PROF. G. RAVINDRA

• Mathematics is the study of assertions of the form ‘p implies q’ 

where p and q are each statements about objects that live in the 

mathematical world (Bertrand Russel, 1977).

• Whatever there is in all the three worlds, which are possessed of 

moving and non-moving beings, cannot exist as apart from 

GANITA (Mahavira, AD 850).

• One of the things that mathematicians know and the rest of us do 

not is that all of mathematics follows inevitably from a small 

collection of fundamental rules (called axioms) (Bertrand Russel, 

1902).

[Note: If you ask a mathematician ‘What is 2 plus 2’ he will say 

that he does not know. But he does know that if 1 plus 1 equals 

2, then 2 plus 2 equals 4)

• The great book of nature can be read only by those who know the 

language in which it was written. And this language is 

Mathematics. [Galileo]

• God made the natural numers; all else is the work of man 

(Leopold Kronecker).

• One reason why mathematics enjoys special esteem, above all

other sciences, is that its laws are absolutely certain and



extentindisputable, while those of other sciences are to some 

debatable (Albert Einstein).
• X I

• It is not abstraction whch makes mathematics difficult. Rather n 

precision. Mathematics is difficult because, unlike any °the-r 

discipline, it demands COMPLETE PRECISION (Jerry P- 

1992).
i s• One of the vastest areas of the world of contemplative beauty 

mathematics. This alone is sufficient reason for the study 

mathematics (King, 1992).

• Mathematics is the abstract key which turns lock of the phys,c 

universe (Polkinghorne).

• What is in a name ?

That which we call a rose

By any other name would smell the same.

(Wiliam Shakespeare)

[Note: Call natural numbers by any name - positive integers or 

non-negative whole numbers, they smell the same. THEY ARE 

IMPORTANT AS A CONCEPT (content)]

• One picture is worth more than ten thousand words (Ananymous).



CONCEPT ANALYSIS

1. Concept name

Perpendicular bisector

2. Concept definition

Perpendicular bisector of a line segment is a line or line 

segment that divides the line segment at right angles into two equal 

parts.

3. Examples

/

h- it r u ,
B

(•i)
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(iv) The alphabet T

(v) The lines in a tennis court

(vi) Telephone vertical pole bisects the horizontal bars

(vii) The vertical bar in a two pan window

4



(viii) See saw

4

(ix) Simple balance

(x) CD is perpendicular bisector to AB in an isoscelles triangle or 

equilateral triangle ABC
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(xi) Perpendicular from centre to a chord always bisects the chord

4. Non-examples

(>)

A

A
E i

V'
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(iii)

(iv) Vertical poles in a football goal

4r*

(v) Vertical poles in a door
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(vi) Radius is always perpendicular to a tangent drawn to the circle.

5. Essential attributes

(i) The line/line segment intersects the given line segment at right 

angles.

(ii) The line or line segment divides the given line segment into 

two equal parts.

6. Non-essential attributes:

(i) The length of the line segments

(ii) Configuration of line segments

7. Superordinate concepts

Line/Line segment

8. Coordinate concepts - Transversal

8



MATRIX

Rectangular matrix

a j j—ajj

Symmetric matrix 

ajj=O for i<ja,i=-a

Skew symmetric Diagonal matrix

ajj=k(a scalar) 
for i=j

Scalar matrix

Put k=1

Identity matrix

9



Quadrilateral
(A simple four sided closed convex figure)

a pair of'opposite sides parallel

T rapezium

non parallel sides 
are also parallel

10



1. Concept name

Identity matrix

2. Concept definition

(i) Identity matrix is a scalar matrix in which the scalar is unity (1)

or

(ii) Identity matrix is a diagonal matrix in which the principle (main 

diagonal elements are all unity (1)

or

(iii) Identity matrix is a symmetric matrix with ajj = 1 for i = j

= 0 for i * j

or

(iv) Identity matrix is a square matrix with principle diagonal 

elements unity (1) and all other elements zero.

3. Examples

(i)

(ii)

(iii)

1

_0

“1

0

0

1 0

0 1

0 0

0 0

0

1 _

0 0

1 0

0 1

0 0

0 0

1 0

0 1
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4. Non-examples

(i) 1 0

0 1

(ii)

It is not a square matrix. (Matrix but not an identity matrix)

1 2

3 1

Non-diagonal elements are not zero. (Square matrix but not 

identity matrix)

(iii) 2 0

0 5

Main diagonal elements are not unity. (Diagonal matrix but not 

an identity matrix)

(iv) (a) 0 5

2 0

Main diagonal elements are not unity and all other elements

are non-zero.

(b) 0 1

1 0

Main diagonal elements are not unity and non-diagonal

elements are non-zero.

(v) 3 0

0 3

Scalar matrix but not an identity matrix.
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(vi) 1 2

2 3

Symmetric matrix but not an identity matrix

(vii) -1 0

LO -1

Main diagonal elements are not unity.

5. Essential attributes

(i) It is a square matrix

(ii) Each main diagonal element equals to 1

(iii) Each non-diagonal elements equals to 0

6. Non-essential attributes

The order of the square matrix.

7. Super-ordinate concept

Scalar matrix, diagonal matrix, symmetric matrix, square matrix 

(accordingly the way the concept is defined (see the concept 

definition))
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LESSON PLAN IN MATHEMATICS

Date:

Course : Geometry

Unit : Mensuration

Topic : Area of Rhombus

Teaching Point

Area of a rhombus whose lengths of the diagonals are d! cm 

and d2 cm, is given by the formula A = 1/2 di x d2 sq cm.

Instructional Objectives

At the end of the class, students would be able to

1. state the formula to compute the area of a Rhombus,A=!4>dixd2 cm2, 

where di cm and d2 cm are the lengths of its diagonals.

2. Derive the formula, A = 1/2 di x d2 cm2, to compute the area of a 

rhombus, whose lengths of the diagonal are d! cm and d2 cm.

3. Apply the formula derived, in solving problems.

4. Deduce the formula for computing the area of a square, A = 1/2 d2 

cm2, where d cm is the length of its diagonals.

Prerequisite knowledge

1. The magnitude of a plane region is called its area.

2. Area of a triangle is given by A = 1/2 bh cm2, where b cm and h cm 

are the length of its base and height respectively.

€
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3. Area of a parallelogram is given by A = b x h cm2, where b cm 

and h cm are the length of its base and height respectively.

4. Area of a square, whose side is 1 cm is given by A = 1 cm2.

5. A rhombus is a parallelogram, with a pair of adjacent sides equal. 

Hence the formula used for computing the area of a 

parallelogram, is also applicable to a rhombus.

6. The diagonals of a rhombus bisect each other at right angles.

*
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Recalls that the portion indicates 
the rectangular region.

T : Yes, you see that the points 
on the plane bound by the 
rectangle, constitute the interior 
of the rectangle. What about 
figure 3 ? ... Sg

Sg: Rectangular region.

Recalls the physical quantity 
used to measure polygonal 
region.

T : Good. The interior of the
rectangle together with the 
rectangle is called the 
rectangular region.

What is the physical quantity, 
which one would you use to 
measure, rectangular region ?
... S7

S7: By finding its area.

Recalls the standard unit of
area.

T : Good. So, the magnitude of
the rectangular region is called 
its area.

What is the standard unit of 
area?
• •• Si 1

Si< cm2

—



Recalls the formula for 
computing the area of the 
square.

T : In your previous class, you 
have learnt the formulae for 
computing the areas of some 
polygons.
What is the formula for 
computing the area of a square ? 
... S20

Area of a square = a cm"

S2o- a2

Recalls the formula for 
computing the area of a triangle.

T: What does ‘a’ represent ?
S2o- Its side.
T : So, the area of a square is 
given by the square of its side. 
What is the formula for
computing the area of a triangle? 
... S4

Area of a triangle = 14 b x h cm2

S4: 1/2 b x h •
Recalls the formula for 
computing the area of a 
parallelogram.

T :What does ‘b’ represent ?...Ss 
S5: Base
T :What does ‘h’ represent? ...S7 
S7: Height
T : Area of a triangle is given by 
half the product of the base of a 
triangle and its corresponding 
altitude.
Whatis the formula for computing 
the area of a parallelogram ?
... S7
S7: Base x Height

Area of parallelogram = bxh cm2



T : Here again, the height 
represents the corresponding 
altitude.
Did you learn the formula for 
computing the area of a 
rhombus? ... Sn

S11: Yes

Recalls the formula for
computing the area of a 
rhombus.

T: What is it ? ... S,o

S10: b x h

Area of a rhombus = b x h cm2

Recalls the definition of a
rhombus.

T : Why is the formula, same as
that of a parallelogram ? ... S15 
S15: ......

T : Define a rhombus.
S1 5: A rhombus is a 
paralellogram with pair of 
adjacent sides equal.

Recalls the superordinate
concept.

T : Now, can you say why the
formulas are same ?
S1 5: A rhombus is a 
parallelogram



ft 4

Recalls the properties of a 
parallelogram

T : Good. State the properties of 
a parallelogram ... S7
S7: Opposite sides are equal. 

Opposite angles are equal. 
Diagonals bisect each other. 

(Teacher writes them on the 
blackboard)

T : are all rhombuses, 
parallelograms ? ... S6

S6: Yes
T : Are all parallelogram, 
rhombuses ? ... S10
S10: No

In a parallelogram, opposite 
sides are equal, opposite angles 
are equal, diagonals bisect each 
other.

Recalls the property of the 
rhombus.

T : Which is the property which 
distinguishes a rhombus from a 
parallelogram ? ... S1
S1: The diagonals bisect each 
other at right angles.

In a rhombus, the diagonals 
bisect each other at right angles.

Recalls the number of diagonals 
in a rhombus.

T : Good
Can you find the area of a 

rhombus if you did not know the 
length of its side and height ? ...
T : You can.
In today’s class, we shall learn a 
new formula for computing the 
area of a rhombus.



When we listed the properties of 
a rhombus, we listed a property, 
which is characteristic of a 
rhombus (points to the 
blackboard).
We shall make use of this 
property to arrive at the new 
formula.
Let us consider a rhombus
PQRS.
(draws a rhombus on the BB).
How many diagonals does a 
rhombus have ? ... S2

S2: Two

Pk-------------/T®

T : Name them, for this rhombus
(pointing to the rhombus PQRS). 
S2: PS and QR.
T : With the formula we are 
going to learn today, we can 
compute the area of a rhombus, 
if we know the magnitude of PS 
and RQ.

The area of a rhombus is given 
by (on the blackboard).
We know that PS and RQ are 
diagonals of rhombus PQRS. 
Speaking in general, we can say 
that (on the blackboard).



T : Let us now see, as to how 
one can arrive at this formula.
We know that PQRS is a 
rhombus. So we also know that 
the property of rhombus which 
we have listed is applicable to 
PQRS.
T : State the properties in terms 
of PQRS.
S5: PO = OS 

RO = OQ

Identifies the properties in 
particular rhombus.

a T : S6, proceed.
S6: ZPOQ = ZQOS = ZSOR 

= ZPOR = 90°
T : What about the sides of the 
rhombus ? ... S2 
S2: They are equal.
T : Yes. So PQ = QS = SR = PR. 
How has drawing the diagonals, 
divided the rhombic region?... S1 
S1: into four parts.

Area of a rhombus=1/2PSxRQ cm* 
Area of a rhombus = Half the 
product of its diagonals.

or
1/2 did2 cm2, where di and d2 are 
the lengths of its diagonals.

Derivation of the formula:
We know that 
PO = OS 
RO = OQ
ZPOQ=ZQOS = ZSOR = ZPOR=90° 
PQ = QS = SR = PR 
because, PQRS is a rhombus, 
hence, its diagonals bisect each 
other at right angles.

Identifies figure in the diagram. 

Identifies the type of triangles.

T : What are they ? ... S10 
S10: Triangles
T : Yes. Let me separate out the 
four triangles for you. (on the 
blackboard).
What types of triangles are they? 
... S11
S11: Right angled triangles



Identifies that the triangles are T : Good (draws the four APOQ s ASOQ = ASOR s APOR
congruent. triangles)

How can you compare these four 
triangles ... ?
We know that PO = OS (pointing 
to the board).
We also know that RO = OQ.
We also know that the sides of a 
rhombus are of equal length.
Now, how can you compare the 
four triangles ? ... S2
S2: They are congruent.

(as PO = OS; RO = OQ and
PQ = SQ = SR = PR)
Area of POQ =
Area of SOQ =
Area of SOR =
Area of POR =

Identifies that congruent 
triangles have equal area.

T : Good. So what can you say 
about their areas ? ... S15
S1 5: Equal

T : How can we find the area of 
the rhombus ... S10 ?
S10: By adding up the areas of 
the four triangles.
T :Good. As the areas are equal, 
it can be said that
Area of the rhombus = 4xarea of 

POQ
What is the area of POQ ? ... S5 
S5: 1/2 base x height

Area of rhombus = Area of APOQ 
+ area of ASOQ + area of ASOR 
+ area of APOR

Area of the rhombus = 4 x area 
of POQ, but area of POQ =
1/2 OQ x PO
Area of the rhombus= 4x1/2xOQxPO

►
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Recalls the formula for area of a 
triangle.

Identifies that RQ and PS are 
half the length of the two 
diagonals.

T : Tell it in terms of P, 0 and Q. 
S5: 1/2 OQ x PO

T : Good. As PO is OQ, the side 
PO itself becomes the height of 
the triangle.
So, what would be the area of 
the rhombus ... S3 ?
S3: 4 x 1/2 OQ x PO
T : Yes. What is OQ (pointing to 
the rhombus) ... S7 ?

S7: 1/2 RQ

Recalls the definition of a 
square.

T : What is OP ? ... S12
S12: 1/2 PS
T : We know that RQ and PS are 
the diagonals of the rhombus.
Let d! and d2 denote diagonals 
PS and RQ respectively.
(Then on the blackboard)
Thus we see that the area of a 
rhombus is half the product of its 
diagonals.
Define a square ... S13

S13: A rhombus with one angle 
right angle is a square.

Area of rhombus = 4x1/2xPQ/2xPS/2 
(because OQ = RQ/2 
and OP = PS/2)

Area of rhombus = 1/2 RQ x PS

Area of rhombus = 1/2 di x d2 •



Recalls the property of a square. T : What about the diagonals of 
a square ... S1 5 ?

S15: In a square, the two 
diagonals are equal and are 
perpendicular to each other.

Note:
In a square di = d2 (square is a 
rhombus in which the diagonals 
are equal)

Deduces the formula for the area 
of square form that of the 
formula for the area of a 
rhombus.

T : So, we know that a square is 
a rhombus in which the 
diagonals are equal.
50 what is the area of a square 
whose diagonal is givne d cm ... 
S16
51 6: 1/2 x d x d = 1/2 d2 cm2

Solves the given problem. T : Now let us work out some 
problems. Do you all have your 
textbooks. Solve the first 
problem in e.g. 1 5(a).
All of you will do it in your 
notebooks. (The teacher goes 
around and looks into the 
notebooks).

T : S7, come and work it out on 
the board.

S7: (on the blackboard)

Area of a rhombus =
base x altitude

= 5 cm x 2.8 cm 
= 14.0 cm2

> V 1
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Solves the given problem. T : Have you all got the same 
answer ? Now solve the second 
problem.

Area of a rhombus = 1/2 dj x d2

- 1/2 x 4 x 6

T : S9, come and solve it on the 
board.
S9: Unlike the previous problem, 
in this problem you have been 
given the diagonals of the 
rhombus. So we will obviously 
have to use the formula we 
derived.
T : Now, take down this problem 
(dictates the problem).

= 12 cm2

Assignment:

Area of a rhombus is 25 cm2. The length of one of its diagonals is 5 cm. Find the length of its other 
diagonal. Also find the length of the diagonals of a square, which has the same area.
Solve this problem and also the Q. 3, 4, 5 in e.g. 15(a).
In today’s class we have learnt a formula for computing the area of a rhombus. We shall discuss these 
problems in our next class. Thank you.



AXIOMATIC APPROACH TO GEOMETRY

Introduction

The study of geometry developed from the desire to measure 

the area of pieces of land, to determine the volume of granaries and

to calculate the dimensions and amount of material needed for

various structures. The physical origin of the basic figures of 

geometry and the simple relationships like perpendicularity, 

parallelism, congruence, similarity are found in nature as well as 

they derive from ordinary experiences.

Examples: Boundary of a field; Shape of a rainbow, shape of a 

wheel, shape of a cell in a honey comb, etc.

The walls of a house are deliberately set up right so that there 

will be no tendency to fall and a tree grows perpendicular to the 

ground.

The banks of a river are parallel.

A builder constructs a row of houses according to the same 

plan wishes them to have the same size and shape that is to be

congruent.

Models of real objects are often similar to the object 

represented, especially if the model is to be used as a guide to the 

construction of the object.
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Basic Structure of Euclidean Geometry

Like any other branch of mathematics, Euclidean geometry 

also begins with certain basic elementary concepts (Euclid's 

elements) such as a point, line, circle, triangle and the quadrilateral, 

which are abstractions from experience. These concepts obey

certain stated axioms which are the basic self evident truths about

the concepts involved on which mathematics was built. These

axioms are the facts which seem clearest and most reliable in our

experience.

From a set of axioms theorems were logically deduced. The 

theorems offer new knowledge. The amount of information that can

be deduced from a set of axioms is almost incredible. Euclid derived

about five hundred theorems from his own set of axioms. The entire

body of Euclidean geometry constituted a collection of indubitable 

truths about idealised objects and phenomena of physical world.

A few Euclid's definitions

1. A point is that which has no part.

2. A line is breadthless length.

3. A straight line is a line which lies evenly with the points on itself.

4. A surface is that which has length and breadth only.

5. A plane surface is a surface which lies evenly with the straight

lines on itself.
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6. A plane angle is the inclination to one another of two lines in a 

plane which meet one another and do not lie in a straight line.

7. A boundary is that which is an extremity of anything.

8. Parallel straight lines are straight lines, which being in the same 

plane and being produced indefinitely in both directions, do not

meet one another in either direction.

9. Rectilineal figures are those which are contained by straight 

lines, trilateral figures being those contained by three, 

quadrilateral those contained by four, and multilateral those 

contained by more than four straight lines.

10. Of trilateral figures, an equilateral triangle is that which has 

three sides equal, an isosceles triangle that which has two of its 

sides alone equal, and a scalene triangle that which has its three 

sides unequal.

11. Further, of trilateral figures, a right angled triangle is that which 

has a right angle, an obtuse angled triangle that which has an 

obtuse angle, and an acute angled triangle that which has its 

three angles acute.

12. Of quadrilateral figures, a square is that which is both equilateral 

and right angled; an oblong that which is right angled but not 

equilateral; a rhombus that which is equilateral but not right 

angled; and a rhomboid that which has its opposite sides and

29



angles equal to one another but is neither equilateral nor right 

angled. And let quadrilaterals other than these be called trapezia.

13. A circle is a plane figure contained by one line such that all the 

straight lines falling upon it from one point among those lying 

within the figure are equal to one another. And the point is called

the centre of the circle.

14. A diameter of the circle is any straight line drawn through the 

centre and terminated in both directions by the circumference of 

the circle, and such a straight line also bisects the circle.

15. A semi-circle is the figure contained by the diameter and the 

circumference cut off by it. And the centre of the semi-circle is

the same as that of the circle.

16. When a straight line set up on a straight line makes the adjacent 

angles equal to one another, each of the equal angles is right, 

and the straight line standing on the other is called perpendicular

to that on which it stands.

Euclid's Axioms

1. Two points determine a unique straight line.

2. A straight line extends indefinitely for in either direction.

3. A circle may be drawn with any given centre and any given

radius.

4. All right angles are equal.
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5. If a straight line falling on two straight lines make the interior 

angles on the same side less than two right angles, the two 

straight lines, if produced indefinitely, meet on that side on which 

are the angles less than the two right angles.

The Common Notions

1. Things which are equal to the same thing are also equal to one

another.

2. If equals be added to equals, the wholes are equal.

3. If equals be subtracted from equals, the remainders are equal.

4. Things which coincide with one another are equal to one another.

5. The whole is greater than the part.

Some Theorems due to Euclid

1. An exterior angle of a triangle is greater than either remote 

interior angle of the triangle.

2. If two lines are cut by a transversal so as to make alternate 

interior angles equal, then the lines are parallel.

3. Circles has more area than any polygon with the same perimeter.

4. In any triangle the greater side subtends the greater angle.

5. In any triangle two sides taken together in any manner are 

greater than the remaining one.

6. If two triangles have the two sides equal to two sides 

respectively, but have the one of the angles contained by the
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equal straight lines greater than the other, they will also have the 

base greater than the base.

7. Straight lines parallel to the same straight line are also parallel to

one another.

8. In isoceles triangles, the angles at the base are equal to one 

another, and, if the equal straight lines be produced further, the 

angles under the base will be equal to one another.

9. If in a triangle two angles be equal to one another, the sides 

which subtend the equal angles will also be equal to one another.

Historical Background of Non-Euclidian Geometry

Non-Euclidean geometry has its existence because of the fifth

postulate due to Euclid. So we state here the postulate five of

EUCLID.

If a straight line falling on two straight lines makes the interior 

angles on the same side less than two right angles, the two straight
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lines, if produced indefinitely, meet on that side on which are the 

angles less than the two right angles.

Drawbacks of this postulate

1. This postulate is not that self evident as the other first four 

postulates,

2. This postulate is related to the idea of infinity (two straight lines 

never meeting though infinitely produced), which Greeks had 

mistrust of infinite process, and

3. There is evidence that Euclid himself avoided using this postulate 

in proving the theorems wherever possible. It is not used until its

use cannot be avoided.

In order to overcome these drawbacks of the fifth postulate of

Euclid, mathematicians adopted two pronged approach. The first

was to deduce it from the other axioms, so that it becomes a

theorem and not a postulate and the other was to substitute a more 

acceptable, a more self evident postulate for it.

It was found that the first approach of deducing the parallel 

postulate (fifth postulate of Euclid) from the others is not possible.

The second approach that of "replacing the parallel postulate 

by alternatives which were not equivalent to it" led to the discovery 

of other geometries (that is geometries other than that founded on 

Euclidean postulates); known as non-Euclidean geometry.
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Here we give two such non-Euclidean geometries, viz. 

Hyperbolic geometry and Elliptic geometry.

Hyperbolic geometry (Lobachevski, 1793-1856)

The Russian mathematician is the first to discover and publish 

(though there were several almost simultaneous discoveries) non- 

Euclidean geometry.

Lobachevski replaced the Euclid's parallel postulate by the 

following.

Through a point outside a given line there can be drawn 

infinitely many lines parallel to the given line.

The lines through P are divided into two classes; those which 

intersect the given line, ano those which do not intersect it, and the 

boundary between the ciasses make an acute angle with the 

perpendicular known as the angle of parallelism, the exact value of 

which depends upon the height h of the point P above the given line.
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As h increases the angle tends to zero; as h decreases the angle

tends to 90°.

Consequences of Lobachevski's Postulate

1. The sum of the interior angles of a triangle is less than two right 

angles; but tends to Euclidean value as the area of a triangle

tends to zero.

2. Equiangular triangles have the same area. The similarity 

theorems of Euclid became meaningless.

Euclidean geometry is a limiting case of Lobachevskian geometry.

Elliptic Geometry (Riemann, 1826-1866)

Important consequences are

1. No line can be drawn parallel to a given line through a point

outside the line.

2. Sum of the interior angles of a triangle is more than two right 

angles but tends to Euclidean value as the area of a triangle

tends to zero.

Note: Both the non-Euclidean geometries are perfectly consistent 
systems, but our intuition tells us that they are not true, in 
the sense that the physical world around us seems to be 
Euclidean on the small scale at which we can measure it. 
However, intuition is by no means always a reliable guide.

Congruence

Two geometric figures are congruent if they have the same 

shape and size.
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For example:

(a) (b)

(a)

Fig. 2

Fig. 1

X Y

Fig. 3

Fig. 4

Now in each pair of the above figures, we can easily see 

through our perception that figure (a) is having the same shape and 

size of the figure (b) or vice-versa because of their position.
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But if the position of the figures is changed it is not easy to 

say that the figures are congruent. For example

Example 1

The two triangles ABC (Fig. 5(a)) and DEF (Fig. 5(b)) looks to 

be of different in size and shape because of the position of the 

vertices of the triangles. Infact these two triangles have the same 

size and shape and this can be found easily by rotating the triangle 

DEF clockwise direction in the plane about a point (say G) inside the 

triangle and then sliding the figure DEF so that D coincides with C; E

with A and F with B.

We write the pairs of corresponding vertices 

D 4----- > C; E 4-----> A; F 4----- ► B
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This type of relation if it exists between the vertices of one 

figure to that of another figure so that the two figures are congruent; 

then the relation is called congruence.

Example 2: Consider the following figures 7(a) and 7(b).

These figures 7(a) and 7(b) looks to have the same shape and 

size but to establish the congruence the simple rotation will not help 

(the reader can try) but you have to go out of the plane and rotating 

about the line FH by 180°.

Now we see that the figure 8(b) look like 7(a) and then sliding 

the figure 8(b) over to 7(a); we can establish the congruence as

follows.

F*----- * A; E*----- * B; H *-----> C; G<-----* D
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Fig.

Congruence of line segments

Two line segments are congruent if they

measure.

Example

have the same

4 cm B

AB is congruent to XY

Symbolically, we can write AB = XY
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Note: Can we write AB a XY ?

AB and XY are sets of points and equality between sets means 

that every point in the first set is in the second and every point in

the second set is in the first.

If AB = XY then AB and XY are two names for the same line

segment.

If AB = XY then AB a XY

But AB a XY does not necessarily imply AB = XY

Congruence of angles

Two angles are congruent if they have the same measure.

Example

ZABC is congruent to ZXYZ

Symbolically we can write ZABC a ZXYZ
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Note: Can we write ZABC = ZXYZ

ZABC = ZXYZ if every point of ZXYZ is a point of ZABC and every 

point of ZABC is a point of ZXYZ. In other words, ZABC = ZXYZ

means these are two different names for the same set.

Two angles can have the same measure (be congruent) but be 

two entirely different sets of points. If two angles are equal, then 

they are congruent, but the converse of this statement is not true.

Additional Problems

Exercises

1. Which of the following pairs of figures are congruent ? Write a 

congruence between the congruent figures.

(b)
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2. Which of the figures below do not have a matching counterpart ?

3. (a) Are the sides of a square congruent ?

(b) Are the sides of a rectangle congruent ?

(c) Are the opposite faces of a cube congruent ?

(d) Are two adjacent faces of a cube congruent ?

(e) Are two opposite faces of a rectangular block, such as a brick 

are congruent ?

(f) Are two adjacent faces of a brick are congruent ?

4. The triangles in each of the following pairs are congruent ? Write 

the congruence for each pair ?
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5. Under what conditions would the following pairs of figures be 

congruent ?

(a) two segments (b) two lines (c) two angles

(d) two circles (e) two squares (f) two triangles

6. Consider the five pointed star ABCDE. Write all the congruences

between the star and itself, beginning with ABCDE<----- ► ABCDE.

7. Which of the following plane figures can be fitted into each other? 

Some matched pairs can be made to coincide by sliding the 

figures around in the same plane. But in some cases we need to 

turn one of the figures over in space to get it coincide with the 

second. For each matched pair that you find, indicate whether 

turning over is needed.
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Solutions to Practice Problems

1. State whether the following pairs of triangles are congruent or
nolL If congruent state the postulate or theorem used.
(i) APQR PQ = 5 cm QR = 4 cm ZQ = 70c

AXYZ XY = 5 cm YZ = 5 cm ZY = 70°
(ii) AABC AB = 6 cm BC = 5 cm ZB = 65°

ADEF DE = 6 cm EF = 5 cm ZD = 65°
(iii) APQR PQ = 3 cm PR = 5 cm ZQ = 90c

AXYZ XY = 3 cm XZ = 5 cm ZY = 90°
(iv) AABC BC = 6 cm ZB = 60° ZC = 90°

ADEF EF = 6 cm ZE = 60° ZF = 40°
(v) akmn ZL = 50° ZM = 60° ZN = 70°

APQR ZP = 50° ZQ = 60° ZR = 70°

Solution

(i) Not congruent
(ii) Not congruent
(iii) Congruent by RHS theorem
(iv) Not congruent
(v) Not necessarily congruent

3. Fill in the blanks:
(a) If AABC = APQR then side congruent to AC is PR.
(b) If APQR the included angle formed by PQ and QR is ZPQR.
(c) The number of correspondence between two triangles is six.
(d) If PQR<___ ► ABC is a correspondence between two triangles,

the angle corresponding to ZQ is ZB.
(e) AABC = ADEF. If AB = 10 cm,BC = 7 cm and AC = 5 cm, the 

length of DE = 10 cm.
(f) If APQR = AXYZ, ZX = 80° and ZY = 70° measure of ZR = 30°.
(g) If all the six correspondences between two triangles are 

congruences they are congruent triangles.

4. Congruent pairs are marked alike in the following pairs of 
triangles. Write down the correspondence which is a congruence 
and the postulate or theorem used for proving the congruence.

Solutions

(a) E<---- ► A
D<__ ► B SAS postulate
F<----- >C
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(b) R<-----* A
Q«-----> B
P<----- ► C

(c) R<----- ► B
P«----- ► A
Q«-----> C

(d) 0«----- > 0
D«___ > C

___>B
(e) (i) A<----► B

C<-----► C
D<-----► D

(ii) A”-----* A
B«-----* C
D«-----► D

(f) (i) C«---> D
A.----- > B
0«----- > O

(ii) > A
B«----- > B
C«___ > D

SSS postulate

SAA postulate

RHS postulate

SAS postulate

RHS postulate

SAS postulate

SAS postulate

5. In the figure given below, BC=AD and AC=BD prove that ZC=ZD,

Solution: Consider the two triangles ABC and ABD 
AB is common 
BC = AD given 
AC = BD given

By SSS theorem the two triangles are congruent. 
ZACB = ZADB (the angles opposite to AB). 
Hence proved.

6. In the following figure ZA=ZC=90° and AD=BC prove that AB=DC
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Solution: The triangles ABD and BCD are right triangles (given).
AD = BC given
AABD = ABCD (By RHS theorem)
AB z= DC

7. In the figure given below AD=BC and DB=CA. Prove that ZD=ZC

Solution: Consider the two triangles ADB and BCA.
AD = BC and DB = CA (given)
ZADB = ZACB (angle opposite to side AB) and 
AB is common.
AADB = ABCA (by SSS theorem).
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TRIGONOMETRY

1. Some alternative methods to find out the 30°, 60°, 120°, 150

210°, 240°, 300° and 330° of all trigonometrical ratios.

i.
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In AOMtPt, Let ZM1OP1 = 30° then ZOP1M1 = 60°, ZOM1P1 = 90

Let MiPt = 2 units, OPi = 4 units, OMi = 2^3 units

Pi(x1>yi) = (2^3, 2)

PiM, y, 2 1
sin30° =......... =........ = --- =

OPi OP! 4 2

OM! xi 2^3 ^3
cos30° =........=........ =........ = ----

OPi OPi 4 2

P1M1 Yi 2 1
tan30° =..........=..........=..........= ---■

OMi Xi 2^3 >13

I(p)OPi OPi 4
cosec30°=..........=.......... = --- = 2

P1M1 yi 2

OPi OPi 4 2
sec30° =..........=........ =..........= ----

OMi Xi 2>l3 >13

47(a)



cot30° =

sin60° =

cos60° =

tan60° =

cosec60°=

sec60° =

cot60° =

OM, X1 2<3
...... - = <3

PiM, yi 2

yl2, Let ZP2OM 2=60°, then ZOP2M2=;

= 2, then OP2 = 4 and P2M2 = 2^3

P2M2 Y2 2^3 ^3

OP2 op2 4 2

om2 X2 2 1
------ — : ---- =
OP2 OP2 4 2

p2m2 Y2 2^3
..........- = y/3
om2 X2 2

OP2
)_

OP2 4 2

P2M2 Y2 2^/3 ^3

OP2 OP2 4
. 0

om2 X2 2
• C-

om2 x2 2 1

P2M2 Y2 2^3 ^3

48



In AP3OM3, ZP3M3O=90°. Let ZM2OP3=90o+30° = 120°, then 

ZP3OM3=60° and ZOP3M3=30°. Let P3(+x3,y3) = (-2,2\3).

Let OM3 = 2, then OP3 = 4 and

P3M3 Y3 2V3
oin19n° —__ ____—0 11 I I z. u —-----------—

OP3 OP3 4

OM3 x3 2
UUo 1 ------- — —

OP3 OP3 4

P3M3 ya 2a/3
to n "1 OH° —_____—1 dll 1 zZ — ------- —

OP3 X3 -2

OP3 OP3 4
UUocL 1 ZU —------- .

P3M3 ya 2a/3

OP3 OP3 4
ocb 1 ZU — “---- -----— “ —

OM3 X3 -2

OP3 x3 -2
mt 1 9D° —______ —GUI I Z U —-----------— — —*

P3M3 ya 2^3

<3

2

1

2

= - y/3

-2

-1

y/3

In AOP4M4, ZOM4P4=90°. Let ZM2OP4=90o+60o=1 50°, then

ZOP4M4=60° and ZP4OM4=30°. Let P4M4 = 2, then OP4 = 4 and

OM4 = 2^3
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sin150° =
P4M4 y4 2 1

0P4 0P4 4 2

OM4 x4 -2^/3
cos1 50° =........ =..........=..........

OP4 OP4 4

^3

2

P4M4 y4 2
tan150° =..........=..........=..........

OP4 x4 -2^3

OP4 4
cosec150°=..........= — = 2

P4M4 2

OP4 OP4 4 
sed 50° =..........=..........=..........

OM4 x4 -2^/3

OP4 x4 -2^3
cot150° =..........=.........=..........

P4M4 y4 2
- ^3

In AOM4P5, ZOM4P5=90° and let ZM2OP5=210°, then ZM4OP5=30° 

and ZOP5M4=60o. Let M4P5 = 2, then OP5 = 4 and OM4 = 2^3

P(x5,ys) = (-2-73,

P5M5 y5 -2
s i n 21 0° =..........=..........=..........

OP5 OP5 4

OM4 x5 -273
cos21 0° =........ =..........=..........

OP5 OP5 4
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tan210
P5M4 x5 -2\3

=.........=..........=........... = ^3
0M4 y5 -2

0P5 OP5 4
cosec210°=......... =.......... =...... = -2

P5M5 * y5 -2

0P5 0P5 4 2
sec21 0° =......... =..........=........... = - ---

OM4 x5 -2^3 ^3

OM4 ys -2
cot210° =......... =........ =...........

P5M4 x5 -2^3

1

V3

In AOM3P6) ZOM3P6=90°. Let ZM2OP6=240°, then ZM3OP6=60° and

ZOPrM^=30°. Let OM3 = 2, then OP6 = 4 and M3P6 = 2\3

P6(x6,y6) = (-2,-2^3)

P6M3 y6 -2^3
sin240° =......... =..........=.......... .

OP6 OP6 4

OM3 X6 -2
cos240° =........=..........=........

OP6 OP6 4

OM3 X6 -2 
tan240° =......... =..........=........... :

P6M3 y6 -2 a/3

OP6 OP6 4
cosec240°=......... =..........=...........

P6M3 y6 -2^3
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0P6 OP6 4
sec240° =......... =..........=........ = " 2

OM3 x6 -2

P6M3 ye -2^3
cot240° =..........=.........=............. = ^3

OM4 X6 -2

In aOP7M2, ZOM2P7=90°. Let ZM2OP7=300°, then ZM2OP7=60° and 

ZM?P7O=30°. Let OM2 = 2, then OP7 = 4 and M2P7 = 2a/3

P7(x7,y7) = (2,-2^3)

P7M2 y7 -2^/3
sin300° =..........=..........=.......... .

OP7 OP7 4

OM2 x7 2
cos300° =........=..........=..........

OP7 OP7 4

P7M2 y7 -2^3
tan300° =..........=..........=..........

OM2 x7 2

OP7 OP7 4
cosec300°=......... =.........=...........

P7M2 y7 -2\3

OP7 OP7 4
sec300° =..........=..........=........ .

OM2 x7 2

OM2 x7 2
cot300° =..........=........ =...........

P7M2 y7 -2^3

-a/3

1

yl3
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In AOPqM!, ZOMP8=90°. Let ZM1OP8=330°1 then ZM1OP8=30° and 

ZOPsM^GO0. Let MiP8 = 2, then OP8 = 4 and OlVh = 2V3

Let P8(x8,y8) = (2V3.-2)

sin330° =

cos330° =

tan330° =

sec330° =

cot330° =

PgIVh Ys -2

OPg OPg 4

OM, Xg 2^3

OPg OPg 4

P8Mi ys -2

OMi Xg 2^3

OPg OPg 4

PsMt ys -2

OPg OPg 4

OM1 Xg 2'?3

OlVh Xg 2^3

PgIVh ys -2

1

2

yJ3

2

= - 2

= - y/3

Trigonometric Ratios of Special Angles

Let x axis be the initial line and p(x,y) be a point on the 

terminal line. Let ‘0’ be the angle made by the terminal line with the

initial line.
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Opposite side
We know that sin0 =

sin0 =

Hypotenuse

When p(x,y) is a point in any quadrant, we can see that, from APOM 

y coordinate of P 

Distance of P from the origin

x coordinate of P
cos0 =

Distance of P from the origin 

Trigonometric ratios of some special angles (angles other 

than 0°, 30°, 45°, 60°, 90°) can be found using the above principle.

1. Consider 0 = 150°

150° lies in the second quadrant. In the second quadrant
a y

x-coordinate is negative and y coordinate is positive.

If PM = y, what are OP and OM ?

OP = 2y and OM = ^3 y

.-. What are the coordinate of P ?

The coordinates of P will be (-^3y,y) 

y coordinate of P
.'. sin150° =

Distance of P from the origin

Similarly,

.-. cos1 50° =
x coordinate of P 

Distance of P from the origin
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2. Consider 0 = 210°

210° lies in the third quadrant where the x coordinate and 

y coordinate are negative.

What are the coordinates of P ?

P(-<3y,-y)

-y 1
sin210° =.......= - ---

2y 2

Similarly,

-^3y V3
cos21 0° =..........=.........

2y 2

3. Consider 0 = 330°

330° lies in the fourth quadrant where the x coordinate is

positive and y coordinate is negative.

P(^3y,-y)

.-. What is sin330°

-y 1
sin330° =.......= - ---

2y 2

Similarly,

•V3y ^3

2y 2
cos330° =
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2. Heights and Distances

Application of 
trigonometry

Height and Distance

Pre-requisites (i) trignometric ratios
(ii) trignometric values
(iii) measuring of angles
(iv) horizontal lines and inclined lines
(v) angle of elevation
(vi) Pythagoras theorem

Providing a situation

6
Finding the height of the flagpost 
infront of the school building without 
measuring it.

Materials required (i) measuring tape .
(ii) clinometer
(iii) table of trignometric values

Configuration
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Teaching Procedure

Teaching Activity Pupil Activity

The staff and students of the 
school were assembled in front 
of the flag post for the 
independence day celebrations 
on August 15. The flag post is 
decorated by stretching strings 
pasted with. Colour papers as 
shown in figure. When the 
celebrations were over, one of 
the students raised a question.

Very good! Let us try to find the 
height of the flag post.

What is the height of the flag 
post ?

Can you suggest a method to 
find the height ?

Consider the flagpast and one of 
the string.

How can you find the height ? The post, string and the ground 
forms a right triangle. Then by 
using Pythagorus theorem, we 
can find the height of the post.

What are the measurements 
required ?

The length of the string and the 
distance between the base of 
flagpost and peg to which the 
rope is tied.

Let us denote height of the post, 
length of the string and distance 
between base of the flagpost and 
peg by h, a and b respectively.

If so how will you find the height? Height, h = ^la2 - b2

b can be measured using a tape, 
but ‘a’ cannot be measured 
directly. So use of Pythagorus 
theorem is not appropriate here.
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Can you suggest an alternate 
method ?

If the base length and the angle 
between base and hypotenuse 
are known, the height can be 
found out.

Then how will you find h ? Using trignometric ratios.

Wh-ich trignometric ratio can be 
used ?

Let angle be 0, then 
h

tan0 = ---- 
b

Then what is h ? h = btan0

How can we find 0 ? 0 is the angle of elevation. 
Therefore 0 can be found out 
using clinometer.

Then by measuring the bare 
length b using a tape and angle 
of elevation 0 using clinometer, 
students compile the height of 
the flagpost.

3. Trignometric Identities

Definition

An equation involving trignometric ratios of an angle ‘0’ which 

is true for all values of 0 for which the given trignometric ratios are 

defined is said to be a trignometric identity.

(i) sin20 + cos20 = 1

(ii) 1 + tan20 = sec20

(iii) 1 + cot20 = cosec20
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(i) To prove sin20 + cos20 = 1

Teacher: In previous classes you have learnt the way of defining 

trignometric ratios and their reciprocals (with the help of unit circle) 

(i.e. r = 1).

Teacher: Look at the figure and tell what is sin0 ?

9

Student: sin0 = y/1 = y .......... (1)

Teacher: What is cos0 ?

Student: cos9 = x/1 = x .......... (2)

Teacher: What is the relation between x and y from the AOPM ?

Student: The AOPM is a right angled triangle and the relation is

x2 + y2= 1 (Pythagorus theorem) ..........  (3)

Teacher: What do you observe from (1), (2) and with (3) ? A 

Student: sin20 + cos20 =

Teacher: So, we have fo

Can you express sin0 in 

Sin20 = 1 - cos2®; cos2®

or sin0 = 1 - cos20 ;

(ii ) To prove 1 + tan20

Teacher: What is tan0 from the figure ?

Student: tan0 = y/x

Teacher: What is sec0 ?

cos0 = >/ 1 - sin20 

= sec20
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Student: sec0 = 1/x

Teacher: What is 1 + tan20 in terms of x and y ?

Student: 1 + tan20 = 1 + (y/x)2 

= 1 + (y2/x2)

= (x2+y2)/x2

Teacher: What is the value of x2 + y2 ?

Student: x2 + y2 = 1 (Pythagorus theorem)

Teacher: Then what is 1+ tan20 ?

x2 + y2 1 1
Student: 1 + tan20 =..............=.........= ( --- )2

2 2XXX

Teacher: From the figure, what is 1/x in terms of 0 ?

Student: 1/x = sec0

Teacher: Then what is 1 + tan20 in terms of 0 ?

Student: 1 + tan20 = sec20

Teacher: From this result can you write the other different 

transformations ?

Student: Yes. 1 + tan20 = sec20

tan20 = sec20 - 1 ; sec20 = 1 + tan20

tan0 = A/sec20 - 1 ; 

and sec20 - tan20 = 1

sec0 = ^1 +tan20
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(iii) To prove 1 + cot20 = cosec20

Teacher: What is cot0 from the figure ?

Student: cot0 = x/y

Teacher: What is cosec0 from the figure ?

Student: cosec0 = 1/y

Teacher: What is 1 + cot20 in terms of x and y ?

Student: 1 + cot20 = 1 + (x/y)2 = 1 + x2/y2 

= (V2+x2)/y2 

= 1/y2 

= (1/y)2

Teacher: What is 1/y in terms of 0 from the figure ?

Student: 1/y = cosecO

Teacher: Then what is 1+ cot20 in terms of 0 ?

Student: 1 + cot20 = cosec20

Teacher: From the result, can you write the other different

transformations ?

Student: Yes. 1 + cot20 = cosec20

cot20 = cosec20 - 1 ; cosec20 = 1 + cot20

cot0 = y/ cosec20 - 1 ; cosec0 = ^1 + cot20

and cosec20 - cot20 = 1
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4. Ratios of the sides of a right angled triangles are equal when

the base angles are same.

Draw the different sizes of right angled triangles with same base

angle 0.

A.

Observe these right angled triangles with same base angle.

Measure the sides of the three triangles.
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Find the ratios of AB, AC; PQ, PC and RS, RC.

AB c

AC b

PQ c

PC q

RS c

RC s

What do you observe ? They are equal and constant.

Represent the common ratio as x.

AB PQ RS

AC PC RC

c c c
i.e. --- = --- = --- = x

b q s

Find the ratios of BC, AC; QC, PC and SC, RC.

BC a

AC b

QC p

PC q

SC r

RC s

What do you observe ? They are also equal and constant.
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Represent the common ratio as y.

BO QC SC

AC PC RC

a p r
i.e. --- = --- = --- = y

b q s

Find the ratios of AB, BC; PQ, QC and RS, SC ?

AB c

BC a

PQ c

QC p

RS c

SC r

What do you observe ? They are equal and constant.

Represent the common ratio as z.

AB PQ RS

BC QC SC

c c c
i.e. ... = ... = ... = z

a p r

Finaiiy what do you observe ?

We observe that the ratios of the sides of the different sizes of

the triangles are equal and constant, when the base angle is the

same.
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TEACHING OF GEOMETRY

Concept

Parallelogram

Essential attributes

(i) Parallelogram is a closed figure.

(ii) Parallelogram has four sides.

(iii) Opposite sides of a parallelogram are parallel.

(iv) Opposite sides of a parallelogram are equal.

Non-essential attributes

(i) Lengths of the sides

(ii) Orientation of the figure

Examples

(i) Parallelograms

(ii) Rectangles

(iii) Squares

(iv) Rhombuses

Non-examples

(i) Open figures

LJ
(ii) Polygons other than quadrilaterals

(iii) Trapezium
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Definition

Parallelogram is a four sided closed figure in which the 

opposite sides are parallel and equal.

Teaching Procedure

Teacher Activity Pupil Activity

Teacher shows two sets of 
figures A and B
A is set of different open figures
B is set of different closed 
figures
What difference do you observe 
here ?

By comparing the two sets of 
figures and says set A contains 
open figures and set B contains 
closed figures.

Teacher shows a chart 
containing different polygons - 
triangles, rectangles, square, 
trapezium, rhombus, pentagon, 
hexagon, etc.

What type of figures are there ? All the figures are closed having 
many sides

What do you call these figures ? These are polygons.

Which of the polygons are four 
sided ?

Classifies the four sided figures.

What do you call the four sided
figure ?

Four sided figures are 
quadrilaterals
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Teacher shows the chart 
containing (i) quadrilateral (with 
no two sides parallel),
(ii) parallelogram, (iii) rectangle, 
(iv) square, (v) rhombus,
(vi) trapezium

In figure (i) the opposite sides
What difference do you observe 
among figures (i), (vi) and the 
rest ?

are not parallel and in figure (vi) 
one pair of opposite sides are 
not parallel. But in remaining 
figures both pairs of opposite 
sides are parallel.

Examine the length of the 
opposite sides of these figures.

Opposite sides are also equal.

What are the characteristics of 
these figures ?

(i) There are closed figures
(ii) Having four sides
(iii) Opposite sides are parallel
(iv) Opposite sides are equal

Teacher introduces parallelogram 
Teacher shows a chart 
containing parallelograms of 
different size and different 
orientations.

What type of figures are they ? Pupil says all these are 
parallelograms eventhough they 
differ in size and orientations.

What is a parallelogram ? A parallelogram is a four sided 
closed figure, having opposite 
sides are parallel and equal.
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TOPIC: If one side of a triangle is produced, the exterior angle 

formed is equal to sum of the interior opposite angles.

Teacher Activity Pupil Activity

What is given in the statement ? A triangle is given.
•If one side of a triangle is 
produced forms an exterior 
angle.

What is to be proved ? Exterior angle = Sum of the 
interior opposite angles

In how many ways we can 
produce the side sof a triangle ?

Six ways.

Draw the figures to show the 
ways in which one can produce 
the sides of a triangle.

<_>.> CmJ

Qi'iiJ 0^

w \

How many exterior angles 
formed ?

Six

Name the exterior and interior 
angles in the figure (iii).

B <= □>
(.0
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What is an exterior angle in the 
figure ?

14

What are the interior angles ? LL. 12, 13

Which of the interior angles is 
adjacent to [4 ?

13

What are the other interior 
angles ?

LL. 12

What is to be proved ? 14 = LL+ 12

Tell me the possibilities between 
exterior and interior opposite 
angles.

Case (i): Sum of the interior 
opposite angles > Exterior angle.

Case (ii): Sum of the interior 
opposite angles < exterior angle.

Case (iii): Sum of the interior 
opposite angle = exterior angle

How do you prove case (i) ? Giving numbers to the angles, we 
get
Li + 12 > [4 as Per the figure.

How do you prove ? By adding 13 both sides.
LL+12 + 12>14 + 13 -» I

What is the value of (1_ + (2. + [3 ? 
and l4 + [3

Both 180°

Substitute in (I). 180° > 180°

Is this possible ? No

What do you conclude from this ? Our assumption that sum of the 
interior opposite angles > the 
exterior angle is wrong.

What is case (ii) ? The sum of the interior opposite 
angles < the exterior angle

Express in notation. LL + 12 < 14
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How do you prove our statement? Adding [3 on both sides.
LL+L2 + l3<t4+'[3 -> II

What do you know about LL + [2 
+ (3 and [4 + [3 ?

Both 1 80°

Substitute in II 180 < 180°-

Is this possible ? No

What do you conclude from this ? Our assumption that sum of the 
interior opposite angles < the 
exterior angle

What do you know ? Is wrong

How many possibilities you told 
previously about our statement ?

Three

How many possibilities are false? Two

What are these ? Case (i) and Case (ii)

What is the third possibility ? Exterior angle formed is equal to 
the sum of the interior opposite 
angles.

What do you observe ? Since first two cases are false. 
Hence the case (iii) must be true.

Tell me the correct case (?) If one side of a triangle is 
produced the exterior angle 
formed is equal to sum of the 
interior opposite angles.
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BASIC PROPORTIONALITY THEOREM

In a triangle, if a line is drawn parallel to one side of a triangle 

so that it intersects other two sides in distinct points, then the line

divides the two sides in the same ratio.

Let AABC be the given triangle. DE II AB.

Teacher Activity Pupil Activity

What is to be proved here ? DE divides AC and BC in the 
same ratio

AD BE
i.e- ...... =........

DC EC

In order to prove that It is enough if we prove that any
AD BE two triangles containing (he sides

DC EC
What should be proved ?

AD, BE and DC, EC are similar.

Can you find any two such 
triangles ?

Only one such triangle is found.
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Which is that triangle ? ADEC

Can you find any other triangle in 
the figure.

Yes. AABC

Is there any relationship between
the two triangles AABC and
ADEC

Yes. Both the triangles have one 
common angle ZC.

Can you find any relation ZA = ZD
between the other pair of angles 
(ZD and ZA, ZE and ZB)

ZB = ZE

What is the reason ? They are the corresponding 
angles. ( '/ DE II AB)

Then what can you say about the 
two triangles ADEC and AABC ?

AABC = ADEC

If the two triangles are similar, 
what can you say about their 
sides ?

Their sides are proportional.

Which are the sides 
proportional ? AC BC AB

DC EC DE

From the figure, what is the 
relationship between AD, DC and 
AC.

AC= AD + DC

Similarly what is the relationship BC = BE + EC
between BE, EC and BC ?

AD + DC BE + EC
AC BC —1

:. what is .......and........ DC EC
DC EC

AD BE
.... + -i = .... + 1
DC EC

AD BE
i.e. .......=........

DC EC
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What do you infer from the result 
got ?

In AABC, the line drawn parallel 
to one sidewill divide the other 
two sides in the given ratio.

As this theorem is based on the proportionality of sides of two 

triangles, what name can you suggest for the theorem ?

Since proportionality is the basic concept of this theorem we 

call it basic proportionality theorem.

Pre-requisites

Concept of similarity of triangles. Properties of parallel lines.

73



CONSTRUCTION OF A TRIANGLE

To construct a triangle, when the base, the sum of the other 

two sides and one base angle are given. Construct a AABC with

base BC = 5 cm, AB + AC = 8 cm and ZABC = 60°.

Teacher Activity Pupil Activity

To construct, how many 
measurements are required ?

Three measurements

How many measurements are 
given in this problem ?

Three measurements

What are they ? BC=5 cm, ZB=60°, AB+AC=8 cm

Draw a rough figure indicating 
the measurements. AB + AC = 8 cm

A

/& \ 

p / / \
& 5“

How to begin our construction ? Draw BC = 5 cm

Then what to do ? At point B, make ZXBC = 60°

With B as centre, draw an arc of 
radius 8 cm (= AB+AC). The arc 
cuts BX at D. Join DC.
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Now, for the construction of 
AABC, we are supposed to apply 
the theorem, “In an isosceles 
triangle, the sides opposite to 
congruent angles are equal” for 
the construction of equal angles.

For construction of equal angles, 
measure the ZBDC = x°
(suppose) and make an ZDCA=x°
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Since ZADC = ZDCA = x° 
(suppose)

AD = AC ( Theorem)

/.ABC is the required triangle

Since AB + AC = 8 cm 
i.e. AB + AD = 8 cm 
i.e. AD = 8 cm
ZB = 60° and BC = 5 cm
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TEACHING OF NUMBER SYSTEM

Concepts

(i) Natural numbers

(ii) Whole numbers

(iii) Integers

Examples

Natural numbers : 1, 2, 3, 4, .

Whole numbers : 0, 1, 2, 3, .

Integers -3, -2, -1

Teacher Activity Pupil Activity

Teacher organises a game of 
picking toffees. Teacher spreads 
some toffees on ground and 
select two pupils A, B to collect 
the toffees from the ground. Pupils A and B collects the toffee 

from the ground one by one.

Who got more toffees ? Pupil compare the number of 
toffees they collected and A got 
more toffees than B.

How much more A got than B ? Pupil takes the excess toffees 
one by one. He take one toffee 
than one more and places 
together. Thus pupils found that 
there are two toffees.

Teacher also says 1+1=2 i.e. 1 + 1=2
Similarly pupils take two toffees 
and one more and places 
together.
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Teacher says 2 + 1=3 i.e. 2 + 1=3

Thus 2, 3 can be introduced. In 
the same way the numbers 4, 5,
6, ... are introduced.

Teacher explains that the 
numbers 1, 2, 3, ... are called the 
natural numbers.

Teacher shows an apple and 
asks, How many apples in my 
hand ?

One (1) apple

Teacher gives the apple to one 
student and asks, How many 
apple remains in my hand ?

Nothing in teacher’s hand.

Then one apple is taken aawy 
from the same remains ‘zero’ and 
is denoted as *0’.

Then teacher explains that zero 
and natural numbers comprises 
whole numbers. They are 0, 1, 2,
3, 4, 5, ...

Teacher brings the students 
infront of a stair case, asks a 
pupil to climb a step. Now where 
are you ? Then asks to stepdown 
a step.

One step above

Now where is your position ? One step down and on the 
ground level.

Teacher says one step up plus 
one step down equals ground 
level or initial position.

i.e. If we assume one step up is 
+ 1 and one step down is -1 and 
the initial position is zero.

What happened ? + 1-1=0
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Teacher asks the pupil to climb 
two steps.
What you mean by this ? i.e. +2

Teacher asks two steps down.

What you mean by this ? i.e. -2

Where is your position ? In the initial position or zero 
position.

Similarly teacher introduces 
-3, -4, ...

Which are the numbers obtained 
other than whole numbers ?

-1, -2, -3, ...

These numbers are called 
negative integers.

If -1, -2, -3, ... are negative 
integers, then what is 1, 2, 3, ...

Positive integers

The positive integers, zero and 
negative integers together are 
called integers.

Which are the integers ? ... -3. -2, -1,0, 1,2, 3, ...
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INTRODUCTION OF NATURAL NUMBERS TO 
PRIMARY SCHOOL CHILDREN BY COMPARISON

1. Associative Formation

Take two sets one with numbers and another with numerals 

and asked the student to associate the number part with the 

numerical part.

2. Arrangement of objects of same number in different form

Give the play cards of the same size and shape same number 

of holes but in different shape.

e.g.

0 0 o

0 0 o

0 0 ~
0 coc

O
O O O
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3. Number ladder

We arrange the objects on ladder as per the steps on it. For 

example, one object on first object, two objects on second step, so 

that we arrange the objects on steps.

4. Number tree

A tree which contains the leaves, flowers, fruits and branches.

The student asked to count them and hanged the number which is 

provided to them.

5. Zik-Zak cards

We prepare the cards in a folding manner that if we pick the 

first card that contain a number on it, child will take that card and

put against the objects which are provided.

Introduction of Prime Numbers

Teacher: Find possible different factors for the following.

Student:

SI.
No.

Possible factors Number of 
factors 
distinct

1 1x1 1 1

2 1x2 1, 2 2

3 1x3 1, 3 2

4 1x4, 2x2 1, 2, 4 3

5 1 x5 1, 5 2

6 1x6, 2x3 1, 2, 3, 6 4
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7 1x7 1, 7 2

8 1 x8. 2x4 1, 2, 4, 8 4

9 1 x9, 3x3 1, 3, 9 3

10 1x10, 2x5 1, 2, 5, 10 4

11 1x1 1 1,11 2

12 1x12, 2x6, 3x4 1, 2, 3, 4, 6, 12 6

13 1x13 1, 13 2

14 1x14, 2x7 1, 2, 7, 14 4

15 1x15, 3x5 1, 3, 5, 15 4

16 1x16, 2x8, 4x4 1,2, 4, 8, 16 5

17 1x17 1, 17 2

18 1x18, 2x9, 3x6 1, 2, 3, 6, 9, 18 6

19 1x19 1, 19 2

20 1x20, 2x10, 4x5 1,2, 4, 5, 10, 20 6

Teacher: How many distinct factors the number 1 has ?

Student: The number 1 has only one factor.

Teacher: How many distinct factors the number 2 has ?

Student: Two factors.

Teacher: How many distinct factors the number 20 has ?

Student: There are 6 factors for the number 20.

Teacher: What do you know from the table regarding the number of

distinct factors of each number ?
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Student: (a) The number 1 has only one distinct factor

(b) Some numbers have only two distinct factors.

(c) Some numbers have more than 2 distinct factors 

Teacher: What are the numbers having only 2 distinct factors ?

List out from the table ?

Student: 2, 3, 5. 7

11, 13, 17, 19

Teacher: What are numbers which have more than two distinct

factors ?

Student: 4,6,8,9,10

12, 14, 15, 16, 18 and 20

Teacher: How can you classify the numbers based on distinct

factors?

Student: (a) Numbers which have only one factor

(b) Numbers which have only two distinct factors

(c) Numbers which have more than two distinct factors 

Teacher: What is the name given to such numbers having only two
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Student: Unable to answer.

Teacher: They are called ‘prime numbers’.

Teacher: What is the name given to such numbers having more than

two distinct factors.

Student: Unable to answer.

Teacher: They are called composite numbers.

Teacher: Why ‘1’ is neither prime nor composite ?

Student: Prime numbers have only two distinct factors, whereas ‘1’ 

has only one distinct factor, so it is not a prime and composite

numbers have more than two distinct factors.

Hence ‘1’ is neither prime nor composite.

Teacher: Observe the following table and what is your observations.

Prime Number Factors

2 1, 2

3 1, 3

5 1, 5

7 1, 7

11 1,11

13 1, 13

17 1, 17

19 1, 19
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Student: Prime numbers have 1 and the number itself as distinct

factors.

Teacher: Can you define prime numbers.

Student: The numbers which have one and the number itself as

factors are called prime numbers.

Teacher: What are the even prime numbers/smallest prime number ? 

Student: 2 is the even prime/smallest (least) prime number.

Teacher: What is the next prime number after the prime number 19 ? 

Student: 23 is the next prime number since it has 1 and 23 are only

the factors.

»
»
»
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HOW TO INTRODUCE ZERO TO PRIMARY SCHOOL PUPIL ?

Teacher Activity Pupil Activity

How many leaves are there ? 3

Remove the leaves Removed

How many leaves are left after 
removing all the leaves ?

Nil

«

i

CP & 4

How many marbles in the first 
jar?

5
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I

How many marbles in the second 
jar ?

Nil

o o o
0 o o

(1) (2)

How many holes are there in the 6
first card ?

How many holes are there in the Nil
second card ?

What do you observe from the In some cases objects are found
above cases ? and in some cases objects are

not found.

How do you represent -
symbolically if there are no
objects ?

It can be written as ‘O’, read it by ‘0’
zero.

How many coins are there in your 5
pocket ?

Give me all the five coins. Given

Now tell me how many coins left Nil
in your pocket.
Represent it symbolically ‘0’

Read ‘0’ Zero
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TEACHING OF FLOW CHARTS AND ALGORITHMS
1 )Draw a flow chart to find the average of any given number of numbers
Solution: We draw the required flow chart hereunder by employing involving the concept of a 
loop.
The given numbers are a|.a:................ an
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2) Prepare a flow chart to check the three given numbers a. b. c can be the lengths of the three sides 
of a triangle. If so. found the area of the triangle using the Heron's formula.

(A) To find the area of triangle by using the Heron's formula:

v
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3. Flow chart to find square root of a given number
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4. List of prime numbers below any given number N.

i^j+1 <•
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5. Draw flow chart to find the divisors of any given number.
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6. To prepare a flow chart to verify a given letter existing in the given word or not.
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7 There are eight balls out of which one is different from others in weight only. Prepare a flow 
chart, to identify the culprit ball in three weighing.
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8. Prepare a flow chart to find the roots of a quadratic equation. 
Quadratic equation —> ax2+bx+c=0. (aX))
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