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Preface

Mathematics has been used by almost all scientists, engineers and
technologists. Its place in the sciences and in the practical arts,
from the information and computational standpoints as well as
its cullural significance, makes it indispensable in our life, We are
striving to discover new and effective methods to educate our
students. The concept of Mathematics Laboratory can be an
important breakthrough in overcoming most of the instructional
weaknesses in present day mathematics instruction.

It may be believed that a successiul implementation of the
Mathematics Laboratory concept will go a long way in removing
maths phobia to our students.

The present handbook comprises six parts which deal in a
precise manner the know all about Mathematics Laboratory. The
issue ol purpose and structure in one way and the requirement
of equipments and activities at various stages in the other way
are all deall within the handbook. An attempt has also been made
to answer questions which may arise in the minds of the teachers
regarding practical marks in mathematics.

The present handbook is a modest beginning wherein an
attempt has been made to make mathematics teaching as simple
as possible for the benefit of the students, teachers and boards. It
is hoped that once Mathematics Laboratory is established in the
schools further improvement may be thought of by the individual
schools.

It is a pleasure 1o express gratitude to all those who have
been associaled at all stages with the development of this
handbook which was the need of the hour. Thanks are due lo
the Director, NCERT for his keen interest in the development of
this handbook. The Joint Director, NCERT, Head, DESM and other
colleagues are also duly acknowledged for giving their
valuable suggestions which have resulted in the improvement
of this handbook,

It is believed that the readers will find this handbeok useful.
Any suggestion from the readers for [urther improvement of the
handbook will be highly appreciated.

Authors
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Ilntrodggﬁ on .

Maﬂlemaﬂcs has always occupied an
important place in the school
curriculum. The study of mathematics
requires specific ability of intelligence. It
helps in training and disciplining the
mind as also developing the power of
thinking and reasoning. Mathematical
skills and their applications form an
indispensable tool in our daily life. It has
been rightly said that higher the
achievement in the field of mathematics,
so is the nation’s development. Today, in
the fast technologically-oriented society,
it has found a greater role to play. There
is hardly any subject in which
mathematics has no role to play.
However, inspite of all the above
characteristics, due to the hierarchy of
concepts and largely deductive and
abstract nature of the subject,
mathematics is considered as a very dull
and difficult subject. A phobia has been
created in the minds of the children that
mathematics is tough to learn. As a
result, most of the students are not
taking interest in the subject and it has
become one of the main causes of
student's failure in mathematics. No
doubt, mathematics is a subject which
requires single-minded concentration
and continuous efforts to achieve perfect
and accurate learning. A student who
can concentrate well can learn well.



Therefore, to remove this phobia, it is necessary to motivate the
children by arousing and maintaining their interest in
mathematics, This will create in them a positive attitude towards
the subject. For this, it is necessary to make the involved
abstractions tangible and concrete by developing the
mathematical concepts out of direct personal experiences, It is
a fact that most of the elementary and basic concepts on which
the superstructure of modern mathematical theories rest, were
evolved by the human beings out of direct personal experiences
with concrete objects. If we analyse a mathematical problem, its
comprehension and ultimate solution hinges around a correct
perception of the elements of the physical situation involved in
the problem. Therefore, by putting something cencrete into the
hands of a student, will give a better picture of conceptualisation
of the problem. Hence, the traditional approach of teaching
mathematics in which abstract concepts are usually presented
to the students in an authoritarian way should be discouraged
and activity approach which stresses the presentation of concrete
experiences should be encouraged. Thus, mathematics has to
be learnt by doing rather than by reading. This doing of
mathematics gives rise to the need of a suitable place for
performing these activities. A well-equipped mathematics
laboratory is the suitable place for the same which can instantly
motivate the students and create an environment to mathematics
learning. This long felt need of mathematics laboratory was
emphasised in National Curriculum Frameworlk for Elementary
and Secondary Education (1988) and has also been endorsed in
the National Curriculum Frametvork for School Education — 2000
( NCFSE — 2000) which states as [ollows:

To help exploration of mathematical facts through
experimentation, a mathematics corner could be set
up in the existing science laboratories. For this,
existing science laboratories need to be converted into
science-cum-mathematics laboratories.



A_mathemaﬂcs laboratory can foster
mathematical awareness, skill building,
positive attitudes and learning by doing
experiences in different branches of
mathemalics such as Algebra, Geometry,
Mensuration, Trigonometry, Calculus,
Coordinate Geometry, Mechanics, ete. It
is the place where students can learn
certain concepts using concrete objects
and verify many mathematical facts and
properties using models, measurements
and other activities. It will also provide
an opportunity to the students to do
certain calculations using tables,
calculators, ete., and also to listen or view
certain audio-video cassettes, remedial
instructions, enrichment materials, etc.,
of his/her own choice on a computer.
Thus, it will act as an individualised
learning centre for a student. It provides
opportunities for discovering, remedial
instruction, reinforcement and
enrichment. Mathematics laboratory will
also provide an opportunity for the
teacher to explain and demonstrate
many mathematical concepts, facts and
properties using concrete materials,
models, charts, etc. The teacher may also
encourage students to prepare similar
models and charts using materials like
thermocol, cardboard, ete., in the
laboratory. The laboratory will also act



as a forum for the teachers to discuss and deliberate on some
important mathematical issues and problems of the day. It may
also act as a place for teachers and the students to perform a
number ol mathematical celebrations and recreational activities.
Thus, the purpose of a mathematics laboratory is to enable:

0] a student to learn mathematics with the help of concrete
objects and to exhibit the relatedness of mathematics with
everyday life.

7 a student to verify or discover some geometric properties using
models, measurements, paper cutting, paper folding, etc.

0 a student to use different tables and ready reckoners in
solving some problems.

1 a student to draw graphs and do certain calculations using
computers and calculators,

0 the students to do some field work like surveying, finding
heights, making badminton courts, ete., using instruments
kept in the laboratory.

1 the students and teachers to organise mathematics club
activities including celebration of birthdays of famous
mathematicians.

71 the students to listen or view certain audio or video
cassettes, CDs relating to different mathematical concepts/
topics.

0 a student to see a certain programme on a computer as a
part of remedial instruction or enrichment under the proper
guidance of the teacher.

0 the students to perform certain experiments, which can be

" easily evaluated by the teacher.

O the students to do certain projects under the proper
guidance of the teacher.

1 the students to perform certain recreational activities in
mathematics.

[ a teacher to visually explain some abstract concepts by using
three-dimensional models,

O a teacher to demonstrate certain concepts and patterns
using charls and models.

7 a teacher to demonstrate and reinforce the iruth of certain
algebraic identities using different models.

0 a teacher to demonstrate the truth of various formulae for
areas and volumes of different plane and solid figures using
models.



M a teacher to explain certain concepts using computers and
calculators.

01 the teachers and students to consult good reference
mathematics books, journals, etc., kept in the laboratory.

1 the teachers to meet and discuss important issues relating
to mathematics from time to time.

1 a teacher to explain certain concepts, data, graphs, etc.,
using slides.

] a teacher to generate different sets of parallel tests using a
computer for testing the achievement of students.

M the budding mathematicians to take inspiration from the
lives, works and anecdotes relating to great mathematicians.



AE the students will be involved in a
lot of model making activities under the
guidance of the teacher, the smooth
running of the mathematics laboratory
will depend upon the supply of number
of oddments. These include siring and
thread, sealing wax and soft red wax,
cello tape, white cardboard, hardboard,
needles and pins, drawing pins,
sandpaper, pliers, screw-drivers, rubber
bands, gummed papers and labels,
matches, squared paper, plywood,
scissors, saw, paint, solder iron, solder
wire, iron wire, cotton wool, tin, plastic
sheet, glazed papers, etc. Besides these,
some models, charts, slides, ete., made
up of a good durable material should also
be there for the teacher to demonstrate
some mathematical concepts, facts and
properties before the students, Different
tables, ready recknors, should also be
there in the laminated form so that these
can be used by the students for different
purposes. Further, for performing
activities such as measuring, drawing,
and calculating, consulting reference
books, etc., there should be equipments
like mathematical instruments,
calculators, computers, books, journals
ete., in the laboratory. In view of the
above, following is the list of equipments
suggested for the laboratory.



3.1 InsTRUMENTS

Mathematical instrument set (Ruler, Set-squares, Divider,
Protractor and Compasses), metre scale, measuring tape, diagonal
scale, calculators, computers, ete.

3.2 TasLes

= Squares

= Square roots

" Cubes

®* Cube roots

* Compound Interest
* Recurring Deposits

3.3 READY-RECKONERS

" Wages
= Interest
= Taxes

3.4 Cuarrts, PicTurES

Charts of the following (involving numbers 1 to 100)
* Even and odd demarcated with different colours
* Multiples of three demarcated
* Multiples of five demarcated
* Primes demarcated
* Multiples of nine demarcated

* Charts of units of length, area, volume along with their
abbreviations
* Charts of magic squares, important formulae, regional

numerals, numerals of ancient times and portraits of
mathematicians along with anecdotes.

3.5 MobeLs

®* Number line
* Geoboards - rectangular, circular and isometric
Models for verifying the following identities:
i) [a+ b)f=a*+2ab+ b

(i} (a- b)*=a®~-2ab+ b*

{iii) (a+ b) {a-b) = a® - b?

(iv) (a+ b+ c)l?=a?+ b+ c?+2ab + 2bc + 2ca

V) kla+b+cl=ka+kb+ ke



(wi) [a+ b2 —(a—b)*=4ab

(vil) (@a+ b)* + (a— b)?* = 2(a® + b?)

(vit) (a+d) (b+c)l=ab+ac+ db+dc

(ix) (a+b)la+ec)=a*+alb+c)+bc

(x) acx?+ (ab + cd) x + bd = (ax + d) (ex + b)

* Models for verifying the following identities:

(i) (a+ b)®=a*+3a® b+ 3ab* + b*
(ii) (a—b)*=a’-3ab+ 3ab*- b*

= Models of

(i} Equilateral triangle
{li) Isosceles triangle
(iii) Scalene triangle
(iv] Right triangle
(v) Square
{vi) Rectangle
fvii) Quadrilateral
{viii) Parallelogram
(ix} Rhombus
(x) Trapezium
(xd) Regular pentagon
{xii) Regular hexagon
(xiii) Regular octagon
[xiv) Circle
(xv) Right angle
(xvi) Acute angle
(xvii) Obtuse angle
[xviil) Linear pair
(xix) Supplementary angles
(xx) Complementary angles.

® Mocdels of

(il Cube
(i) Cuboid
(ili) Tetrahedron
(iv) Right eircular cylinder
(v) Right eircular cone
(vi) Right prisms, Pyramids with triangular, square and
hexagonal bases
{viil Sphere and hemisphere.



= Hollow hinged models of the items listed above [made of
tin sheets)

* Model for conic sections

Models for finding the centre of a circle
Models for verifying the following results:

(i) Sum of the angles of a triangle is 180°.
(i) Sum of the angles of a quadrilateral is 360°.
(iif) Sum of exterior angles of a polygon is 360°.
(iv) Opposite angles of a parallelogram are equal.
(v) Opposite angles of a cyclic quadrilateral are
supplementary.
(vi) Corresponding angles/alternate angles made by two
parallel lines with a transversal are equal.
(vi) Exterior angle of a triangle is equal to the sum of the
two interior opposite angles.
(vili) Angles in the same segment of a circle are equal.
(ix) Angle at the centre is double the angle at any point on
the circle.
(x) Equal chords are equidistant from the centre and its
CONVETrse.
(xi) Tangents from an external point to a circle are equal,
[xii) If two circles touch each other, then the two centres
and the point of contact are collinear.
(xiii) Base angles of an isosceles triangle are equal and its
CONVETse.
(xiv) Inequality results in a triangle.
{(xv) Vertically opposite angles are equal.
(xvi) Diagonals of a parallelogram bisect each other.
(xvii) Diagonals ofa rhombus bisect each other at right angles.

* Models illustrating following concepts/properties:

(i) Concurrency of medians of a triangle
(i) Concurrency of altitudes of a triangle
(it} Concurrency of angle bisectors of a triangle
(iv) Concurrency of perpendicular bisectors of the sides
ol a triangle
(v) Incirele, circumeirele and exeircles in a triangle
(vi) Height and slant height of a cone
(vii) Height and slant height of a pyramid
(vii} Angles forming linear pair
(i SSS congruency of triangles



(x) ASA congruency of triangles
{xi) SAS congruency of triangle
{xii) RHS congruency of triangles
(xdii) Anglesinasemicircle
(xiv) Major segment and minor segment of a circle.

Models for verifying Pythagoras theorem by:

(i) Counting small squares
(ii) Baudhayana's method
(iii} Bhaskara's method
(iv) Cutting the square on hypotenuse intn four congruent
quadrilaterals and a square.

Madels for showing rélationship between area of:

(i} Parallelogram and a rectangle on the same base and
between the same parallels.
(i) A triangle and that of a rectangle.
(iii) A parallelogram and that of a trapezium.
(iv)] Two triangles on the same base and between the same

parallels.

Models of hollow prisms and pyramids le the same base
and same height of three different sizes.

Models of hollow cylinders and cones of the same base and
samie height of three different sizes.

Models for deriving formulae for area/volume:

(ij Circles sliced into sectors for area of a circle.
(i) Sphere sliced along diameters which can be rearranged
to form a cylinder for surface area.
(iii) Sphere sliced into pyramids with vertices at the centre
for the volume of the sphere.

Hinged models for demonstrating symmetry ol :

(il Square
(i) Rectangle
(i) Isosceles triangle

" (iv) Equilateral triangle

{v) Circle

Maodel for demonstration of ;

(i) Sets
(i) Relations and functions



(xix)

(xx)
)
(i)

(xxdii)
(xxciv)
(xxv)

(3cv)
{xexcvii)
(ooviti)

(xxix)

(xxx)

()
3.6
3.7
3.8
3.9

Quadratic functions with the help of linear functions
Sequence and series

Height and distance

Pascal's triangle

Arithmetic progression

Conic sections

Increasing, decreasing functions

Maxima, minima, point of inflection

Lagrange's mean value theorem

Rolle’s theorem

Definite integral as limit of sum

Angle in a semicircle using vectors

Moment of a force about a point

Moment of couple

Construction of parabola when distance belween
directrix and focus is given

Construction of ellipse when major and minor axes
are given

Octants

Shortest distance between two lines

Geometrical interpretation of scalar triple product
Equation of a straight line passing through a fixed
point and parallel to a given vector

Equation to a plane

Angle between two planes

Bisection of the angle between two planes by a third
plane

Intersection of three planes

Sphere and its plane sections

Normal probability curve and area under the normal
probability curve

Projection of the line segment

Application of the Lami's theorem

Cenlre of parallel forces

OvERHEAD PROJECTOR ALONG WITH SLIDES
Avpio avp Vioeo Cassertes, C.D.
CavLcuLaTors

CoMPUTERS

3.10 Booxs anp Jnm
3.11 PorTtrarts oF MATHEMATICIANS



Aa.alread},r stated, students will be
performing a number of model/chart
making activities under the guidance of
the teacher in the laboratory. In order to
help students and teachers in this task,
some such activities are suggested at
different stages of school education in
this section along with their preparation
and demonstration. The teacher may
help the students to prepare these and
some more activities on their own using
malerial mentioned in the preceding
section.



| | Activities
at the
Elemen_tary Stage




Actvity 1

[Base Value and Place Value |

Materials

Wooden cubes, glaze papers, cardboard base, tape, sketch pen,
scissors.

LY

Preparation -
(i) Take a cardboard base
(i) Cover it with glaze paper.
(iii) Take a cube and paste it on the base. It is a unit (Fig. 4.1.1 a).

(iv) Make a cuboidal rod of 10 cubes by fixing cubes on the above
paper. Paste the rod on the base (Fig. 4.1.1 b)

(v} Take 10 cuboidal rods of the type as in step (iv] above and
paste them on the base (Fig. 4.1.1 ¢}.

{vi) Make 10 solids of the type as in step [v) above and paste
them on the base (Fig. 4.1.1 d).

LInit Ten Hundred Thousand
(a) (h) (c] (]
Fig. 4.1.1
Demonstration

(i) 1 cube depicts the unit or one.
{ii) Ten units combined to form a cuboidal rod of tens, depicting
10 units =1 ten.



(iii) Ten tens combined to form a solid of 100 units or ten tens,
depicting .
100 units = 1 hundred
i.e. 10 tens = 1 hundred
{iv) Ten hundreds combined together to form a cube of
10x10x10. It shows;
1000 units = 1 thousand
100 tens = 1 thousand
10 hundred = 1 thousand

Use

* Model can be used to explain the idea of base value and place
value.



Materials
Transparent sheets, scale, scissors, marker pen.

Preparation
({) Cut 2.5 cm x 2.5 cm square as single unit from the
transparent sheet. Cut out 12 such units.
[ii) Cut out 2.5 em x 5 cm rectangle as double unit. Cut out 6
such units.
(iii) Cut out 2.5 em x 7.5 cm rectangle as triple unit and cut out
4 such units.

[iv) Similarly, cut out units (strips) of sizes 2.5 ecm x 10 em,
2.5 cm x 12.5 em, 2.5 cm x15 em, 2.5 cm X 17.5 cm,
2 5 cm x 20 cm, 2.5 cm x 22.5 em, 2.5 cm X 25 cm,

2.5 cm x 27.5 em, 2.5 cm x 30 em.
(v) Write the numbers on these plates obtained as follows:
2.5 cm x 2.5 cm plates as 1
2.5 ecm x 5 cm plates as 2
2.5 cm x 7.5 cm plates as 3, ete. (Fig. 1.1.2 a)




Demonstration

Working is as shown below:

(i} Show these plates in the classroom one by one to give the
idea of natural numbers,

(ii) Place two or more number plates adjacent to one another
and give the idea of successor of a number and the addition

of numbers by comparing the result with some other number
plate,

(ili) Place one number plate over another to give the idea of

predecessor of a number and also of the subtraction of
numbers.

{iv) Idea of factors and multiples can be explained as follows:

Take the number plates of 1, 2, 3, 4, 5, 6, etc. It can be observed
that number plate of 12 can be covered with 12 plates of
number 1, 6 plates of number 2, 4 plates of number 3, 3
plates of number 4, 2 plates of number 6, thereby showing
that 1, 2, 3, 4, 6, 12 are factors of 12 (Fig. 4.1.2 b).

{v) Similarly, from the above we can also show that 12 is a
multiple of 1, 2, 3, 4, 6 and 12.

(vi) Idea of H.C.F. can also be given with these plates by taking
two or three bigger plates.

Use

= Model can be used to introduce natural numbers

* It can also be used to explain the idea of factors, multiples,
HCF and LCM.



r-wc Square of the Type 3x3 of Magic Constant 15 _J

Materials
Transparent sheet, adhesive, coloured paper, sketch pen, scissor.

Preparation
(i) Take a square transparent sheet of size 12cm x 12cm,
(iil Make a 3 % 3 square on the transparent sheet.

(iii} Put the number % i.e, 5, called central number, in the

middle cell.

(iv] Add 2 to the central number and subtract 2 from the central
number and put these numbers to the right and left of the central
number, respectively along the central row (Fig. 4.1.3a).

{v) Add 1 to the central number and subtract 1 from the central
number and put these numbers upward and downward,
respectively along the right diagonal (Fig. 4.1.3b).

fvi} Add 3 to central number and subtract 3 from the central
number and put these numbers upward and downward,
respectively along the left diagonal (Fig. 4.1.3c).

FRight diagonal
6 .-
3 5 7 = 7
Central 4 ot
row £
(a)
g 6 |
- 6 |
g | Py
7
o
: " Central| 4 g 2
Left diagonal column

[l :
Fig. 4.1.3



(vii) Subtract 4 from the central number and add 4 to the central
number and write these numbers upward and downward,
respectively along the central column (Fig. 4.1.3d). :

Performing these aclivities step wise, magic square of magic
constant 15 is obtained. Steps involved have been shown in the

figure 4.1.3.

Demonstration
(i) The sum of numbers in each row is 15.
(i) The sum of number in each column is 15.
(iii) The sum of number in each diagonal is 15.

Use

= Model can be used to explain magic square of magic constant
as multiples of 3.



AcTtivity 4

r;[agic Square of the Type 4 x 4 of Magic Constant 31-‘

Materials
Transparent sheet, adhesive, coloured paper, sketch pen, scissor.

Preparation

(i) Take a square transparent sheet of size 12em x 12cm.
(i) Cut a 4 x 4 square from the transparent sheet.

(iif) Write the numbers 1 to 16 in an order in the squares and
mark the squares with identical shapes in which the
numbers are to be interchanged (Fig. 4.1.4a).

(iv) Interchange the numbers in the squares as discussed above
and obtain the required 4 x 4 magic square as shown in

figure 4.1.4b.

/| 2
5 | <@
{9

(77| 8
ap| 12
@ 14 15_ Aé‘

{a)

16 2 3 |13

(b
Fig. 4.1.4



Demonstration

(i)} Demonstrate that the sum of numbers taken along any row,
column or diagonal remains constant, i.e., number 34.

(i) Demonstrate the above stated rule to obtain magic square of
the type 4 x 4 using any consecutive 16 natural numbers
viz. from 15 to 30, or from 30 to 45, 45 to 60, etc. and find
their corresponding magic constant.

Use

= Model can be used to explain magic square of magic constant
34 and other magic constants as demonstrated above.



AcTtivity 5

[ HOF by Division Method |
Materials

Thermocol sheet, 1 unit wide cardboard strips, coloured paper,
glue, scissors, scale, pencil, etc.

Preparation

() Take a thermocol sheet of about 50 units x 50 units and
cover it with white paper.

(ii) Cut 1 unit wide cardboard strips to get 2 pieces of 35 units,
3 pieces of 20 units, 3 pieces of 15 units, 4 pieces of 5 units
length.

(ili) Stick the cardboard strips as shown in the figure 4.1.5.

35
20
: a5
20 Y=
20
1s ' 8§
5 I 5 I 5
Fig. 4.1.5
Demonstration
(i} The first set of strips represent the numbers 35 and 20 whose
HCF is to be found.

(ii) The second set of strips shows the division of 201351
the larger number by the smaller number i.e. 20
35=20x1 + 15. 15

(i) The~third set of strips shows the division of 15)20(1
20 by 15. Remainder 5 is the next divisor, 15_5

(iv) Fourth set of strips shows the division of 15  5]15(3

by 5,ie., 15=5+5+5 15
0



The required HCF of 35 and 20 is 5 (the last divisor in the process
when the remainder is zero).

5 units strip can measure 35 units and 20 units strips an exact
number of times, i.e., the numbers 20 and 35 are exactly divisible

by 5.
Use

®= Model can be used to explain the methods of finding HCF of
two numbers by continued division.



Actvity 6

[ Lowest Common Multiple |

Materials

Hardboard, chart paper, scale, pencil, eraser, sketch pens, scissors,
saw etc.

Preparation
(i) Cut a 15 units x 12 units hardboard. This will be the base
board.

(i) Cut 12 units * 12 units hardboard and then cut 5 more
boards of this measurement.

(iii) All the boards will have a margin of 1 unit width on all the
four sides.

(Iv) On the base board, we make a 10 units x 10 units square
and make equal squares on it. (Fig. 4.1.6 a)

(v) We paste the heading on top of the base board and write
numbers 1 to 100 on these sguares.

(vi) On the other 5 boards, we make 100 equal squares leaving
the margin. (Fig. 4.1.6 b)

[vii) On each board, represent the multiples of different numbers,
such as 2, 3,4, 5, 6, etc,

(viii) Drill the squares which represents the multiples of the number
specified,

{ix) We paste to the respective headings written on the chart paper
on these boards as follows:

Multiples of 2
Multiples of 3
Multiples of 4
Multiples of 5
Multiples of 6



o

T R e =
el %ﬁ EHE

Multiples of 2

ACTIVITIES AT Dwgﬂwﬂfm_ :

Base Board

112131456 F|&]9]10
LIp12{ 13|14 1516017 18] 19] 20
21|22 (23|24 |25| 26|27 |28|29] 30
31|32 33]34|35|36|3T |38 |39 40
4142143 (44 454647 48|49 ] 50
51|52|53|54 5556|577 58|59 60
6162163 |64 656667 68|69 70
TLT2 7| 74| 7a]|76|77|78]|79]| 80
Bl 82|83 |84 |B5]|86|87 |88 |89]90
Q192193 |94 105 |06 |97 |98 |90 1104

(a) : b

Multiples of 3 Multiples of 4

lc) (d)

Multiples of &

Multiples of 5

()

Fig. 4.1.6



Demonstration

(i} Take the base board first.
(ii) Place the second board on it which shows the multiples of 2
on the top of the second board.
(i1i) Now place the third board which shows the multiples of 3 on
the top. ;
(iv) Now see the common multiples of 2 and 3 and we can easily
find the lowest common multiple of 2 and 3.
(v) Simnilarly, place the next board, i.e., the multiples of 4 on top
of it.
(vi) Then place the board containing multiples of 5, multiples of
6, etc.
(vii) We see that 60 is the lowest common multiple of 2, 3, 4, 5
and 6.

Use
* This model can be used in teaching the concept of multiples
of specified numbers.
» This model can be mainly used to find the common multiples
of two or three numbers and then their lowest common
multiples.



Actvity 7

I Fractional Kit |

Materials

Hardboard, cardboard, glaze paper, adhesive, scale, sketch pen,
scissors.

Preparation
{i) Cut out a rectangle from the cardboard sheet.

(i) Paste a full cardboard sheet under the remaining portion of
the cardboard got in step (i).

(iii) Cut-out rectangle is a unit which can be fixed in the
cardboard frame made in step (ii).

(iv) With the help of cardboard, make different parts of the
rectangular unit like half (vertically), half (horizontally), one-
third, two-thirds, one-fourth, two-fourths, three-fourths,
one-sixth, two-sixths, three-sixths, like wise one-eight, two-
eights, etc. -

(v) Make a pocket at the back of the model to keep parts of
the model.

AR SRR 1D T mc
L ey

Fig. 4.1.7



Demonstration

This model demonstrates
(il the verification of the result

— N e S B =1

(ii) the concept of equivalent fractions like
r 2.3 6

2 4 6 12,
(iii) addition and subtraction of fractions having same
denominators like !

1.1 1.2
22311:133&1:(:.

(iv] comparison of fractions like

1.1, 1.1
3 4 4 B TE

{(v) multiplication of [ractions like
Ly e |

E"?&: = P etlo,

and many other properties relating to fractions.
It can be done as follows:

A. (i) Take two halves of the unil.

(ii) Put both half parts simultaneously and show that they and
unit cover each other completely.

(iii) Since one part is one out of two equal parts so it is one by
1

two L.e. —,
4 2 - b
B. Two halves (%] cover the whole unit, i.e,, = = 1.
1 3
Three one-thirds 3 cover the whole unit. i.e., 3

4
Four one-fourths [%] cover the whole unit ie., (4]

Six one-sixths (%J cover the whole unit, i.e., [g] =1.



Take [%J of the unit.

Put two [%] of the unit on (%] unit as above.

They will cover each other completely, which shows that

.h[u

i b
e i R
T
Likewlse, we can show that

+

o | =

:— and so on.
6

K=
r:l?"nli-lL
mIH

19
Take two one-thirds and put them together, ie., 5"‘5

These are two parts out of three equal parts. So these are

equal to % :

Hence, l + E
3 3

2
3

Likewise % and soon,

e —,—,—,—,— and on compari lacing one over the
3'3'2°6'8 paring by placing

other, we will find that l:‘-i:‘-l‘:-] l
2 3 4 & 8§
Takeliufﬂlﬂunité.

_;.z one half of one-third i.e. one sixth

Mi-—-

I

o | -



Likewise, we can show that -;-x

2
B
3
8

x

Blw i

Il

X

M= R3]
it
o
8

Use
» Model can be used to explain the concepts of fractions, their
comparison and operation on them.



Activity 8

r-ﬂlgebrnic Identity : (a + b)* = a® + 2ab + h"_‘

Materials

Thermocol sheet, adhesive, thermocol cutter, glaze papers,
sketch pens,

Preparation

(i) Cut out two squares of sides a and b units such that a> b
from a thermocol sheet (a can be taken as 7 em and b as
4 cm),
(ii) From the same thermocol sheet, cut out two rectangles of
length a and breadth b units respectively.
(lii) The above cut outs can be fixed with the help of the adhesive
as shown in figure 4.1.8.

P

Fig. 4.1.8
Demonstration
Model clearly demonstrates the algebraic identity:
(a+ b)* = a® + 2ab + b*

It is because area of square PQRS = (a + b* and it is also
equal to the sum of, a® , 2 times ab and b* .

Use

* Model can be used to verify the algebraic identity:
(a+b)* = a® +2ab +b?, geometrically.



Actvity 9

r;lgebnlc Identity : (a - b)’ = a® - 2ab + U

Materials
Cardboard, glaze paper, scissors, sketch pen, scale, adhesive,

Preparation

(i) Take a square with side a. Its area is a’.

(if) Take a smaller square with side b. Its area is b,

(iif) Take a square of side [a- b). Its area is (a— b)’.

(iv) Take two rectangles of length a and breadth b. Area of each
is ah.

{v) Keep smaller square (b%) on the right corner of bigger square
(a%) as shown in figure 4.1.9,

(vi) Make a pocket at the back of the model to keep the parts of
the model.

Fig. 4.1.9

Demonstration
(i) On the model, show a’and b”.

(i) Take the square of side (a—b) from the pocket (at the back)
of the model and put it on a”. The area of this square will be
(a- b)* as one side of the square is (a- b).

(iii) This square (a- b)® will be equal to sum of squares a” and b
minus two rectangles of area ab from this sum.



(ivl Explain that
a’+b*=(a-bF +b*+bla-b) + ab
= (a-b)? + 2ab - --
(v) Thus, we get
(a-b)® = a® 2ab + b*
Use

* Model can be used to verify the algebraic identity .
(@~ b)* = a*~2ab +b*, geometrically.



il
Actvity 10
rzlguhn.ln Identity : a® - b* = (a + b)(a- hl_j

Materials
Cardboard, glaze paper, scissors, sketch pen, scale, adhesive.

Preparation

(i) Take a cardboard base.

(ii) Paste a square with side aon the base. Area of this square
is a’. .

(iii) Make one more square with side b such that b < a. Th
area of this square is b”.

[iv) Paste smaller square b” on the bigger square a’.

(v] Cut the remaining portion of the square a’ (a* - b?) in the
form of two trapezia as shown in the figure 4.1.10b.

(vi) Make a pocket at the back of the model to keep the parts of
the Model.

(b)
Fig. 4.1.10
Demonstration
(i) Put the smaller square with side b and area b* on the bigger
square,

(ii) Join the remaining two trepezia covering area of a - b
in such a way that a rectangle is formed as shown in
figure 4.1.10b.



(lii) The breadth and length of this rectangle are
[a- b) and (a+ b). Thus, its area is (a- b){a + b).

{iv) In this way, it can be verified that
a’~b*=(a- b)la+ b)

Use
* Model can be used to verify the algebraic identity:
. a’=b*=(a-b) (@a+ b), geometrically.



Acrivity 11

[ Algebraic dentity : (a + b+ o = a” + B*+ ¢+ 2ab + 2be + 2a |
Materials ; '
Hardboard, adhesive, water colours, knobs of wood ete.

Preparation

(i) Take a hardboard to use as base.
(ii) Make a boundary of a square of side 18 units using
hardboard strip.
(iti) Divide this square into squares/rectangles using the
dimensions a = 10 units, b = 6 units and ¢ = 2 units as
shown in the following figure.

Fig.4.1.11

Demonstration

This model verifies the identity :
(a+b+e)* = & + '+ & + 2ab + 2bc + 2ca,
which can be easily seen in figure 4.1.11.

Use

= Model can be used to verify the algebraic identity:
(a+b+c) = a* + b* + ¢* + 2ab + 2be + 2ca, geometrically.



r;ul.llel Lines Intersected by a Tranlvarn_lJ
Materials

Thermocol base, glaze papers (2 colours), drawing pins, steel
wires, sketch pens and adhesive.

Preparations
(i) Take a thermocol base of size 16 units x 20 units,

(if) Cover it with a coloured sheet of glaze paper. Cut out a
margin of a different colour and paste it on all the four
sides.

(iif) Cut out three steel wires and arrange two of them in such a
way that they are parallel to each other and keep the third
in such a way tha} it intersects the other two.

([iv) Cut out angles 1, 2, 3, 4 of different colours and paste them
as shown in the fisvire 4.1.12,

E
1
A ) B
4 ‘\is
e 2
F
Fig.4.1.12

Demonstration

Working is as follows:
(i) Measure £1 and £3, It can be verified that /1 = Z3:1e.a
pair of corresponding angles are equal.
(i) Measure £2 and Z4. It can be verified that LY =24;1e., a
pair of alternate interior angles are equal,



(iif) Measure £2 and £3. It can be verified by adding the 2 that
/9 + #3 = 180°, Thus, a pair of interior angles on the same
side of the transversal are supplementary. Thus, it can be
observed that if two parallel lines are intersected by a
transversal, then each pair of corresponding angles and
alternate interior angles are equal and the interior angles
on the same side of the transversal are supplementary.

Use

This model can be used to demonstrate that if two parallel

lines are intersected by a transversal, then
each pair of corresponding angles are equal.

each pair of alternate interior angles are equal.

each pair of interior angles on the same side of the transversal
are supplementary. i

vertically opposite angles are equal.

linear pair can be shown.



[ Sum of the Angles of a Triangle |

Materials

Thermocol sheet, hardboard sheet, glaze papers, sketch pens,
adhesive.

Preparation

(i) Take a thermocol sheet and draw a (scalene) triangle on it
and name it as AABC,

(ii) Colour the three angles of this triangle with the help of
glaze papers of different colours.

(i) Now take a hardboard sheet and cut out the angles with
measures the same as of ZA, #B, #C and of the same colour
as used in the triangle.

avar
b -

Fig.4.1.13

Demonstration

The cut outs of the three angles A, B and C can be placed adjacent
to each other at a point. They will form a line. It shows that sum
of the three angles of a triangle is 180°,

Use

* Model can be used to verify that sum of the three angles of a
triangle is 180", -



Activity 14

["Exterior Angle of a Triangle |
Materials

Wire, a plece of thermocol sheet, coloured glaze paper, drawing
pins, solder iron, adhesive, protractor.

Preparation
(i) Take a piece of thermocol sheet and cover it with coloured
glaze paper.
(if) Take a wire and form a triangle of the wire with the help of
solder iromn.

(iil) With the help of the coloured glaze paper, mark the exterior
angle and the corresponding interior opposite angles.

a\4 :
Fig.4.1.14

Demonstration
(i) £4 is an exterior angle of the triangle.
(i) 21 and 22 are the two corresponding interior opposite angles.
(iif) 21, 22, £3 and £4 can be measured with the help of a
protractor.
(iv) Exterior angle is always greater than either of the interior
opposite angles.



Use

* Model can be used to explain the concept of exterior angle
and the corresponding interior opposite angles.

* Model can also be used to verify the result that the exterior
angle of a triangle is equal to the sum of two interior opposite
angles,

* The result that sum of the three angles of a triangle is 180°
can also be verified experimentally using this model.



Actvity 15

r[.‘.uncu.rmnt Lines in Different Types of Trl;ngleu

Materials
Cardboard, saw, scale, transparent sheet, marker pen.

Preparation

(i) Draw various types of triangles such as equilateral triangle,
scalene triangle and isosceles triangle on a cardboard.
(ii) Cut them neatly.

(iti) Cut four equilateral triangles of same size on transparent sheet,
On one of them, draw medians and centroid (G). On second
triangle, draw angle bisectors and incentre (I). On the third
triangle, draw perpendicular bisectors of the sides and
circumcentre (0). On fourth, draw altitudes and orthocentre
(H) with the help of a marker pen.

Fig. 4.1.15 (a)
(iv) Cut four isosceles triangles on transparent sheel of the size
equal to that of cardboard isosceles triangle. On first, draw

medizns and centroid [(G); on second draw angle bisectors
and incentre (1), On third, draw perpendicular bisectors of




o .

S W
the sides and circumcentre (0). On fourth, altitudes and
orthocentre (H) with the help of a marker pen.

A
'\

Fig. 4.1.15 (b)

(vl Similarly draw medians, angle bisectors, perpendicular
bisectors of the sides and altitudes for scalene triangles on
four transparent scalene triangles of same size.

N
A

Fig. 4.1.15 (o)




Demqnstmtiun

(i) Place all the four equilateral triangles one over the other and
observe that G, I, O and H coincide.

(ii) Place all the four isosceles triangles one over the other and
observe that G, I, O and H are collinear.

(iii) Place all the four scalene triangles one over the other and
observe that G, H and O are collinear,

Use

This model can be used

* tp give the concept of different types of triangles.

* to show the point of concurrence of medians, angle bisectors
perpendicular bisectors of the sides angle bisectors and
altitudes of various types of triangles.

* to show that centroid, incentre, circumeentre and orthocentre
of an equilateral triangle coincide by overlapping the
transparent equilateral triangles.

* to show that centroid, incentre, circumeentre and orthocentre
of an isosceles triangles all lie on the same line which is a
median to the base.

® tn show that centroid, circumcentre and orthocentre of a
scalene triangle lie on the same line.



Actvity 16

[ sss Congruency Condition |

Materials

Hard board, coloured glaze papers, transparent sheet, scale.
protractor, adhesive, stee]l wires,

Preparation

(i) Cut two triangles with SSS congrueney condition and paste
them on the hard board.

(1i) Cover these two triangles with coloured glaze papers.

(iii) Draw a triangle with same congruency condition and
measurement on the transparent sheet.

iv) Cut out the three line-segments from steel wires equal to
the sides of the two triangles formed in step (i).

(v) Form a pocket to put the cut out line segments and the triangle
on the transparent sheet.

() (d)
Fig.4.1.16



Demonstration

Working is as shown below:

(i) By taking line-segments from the pocket, it can be verified
that AB = DE; BC = EF and CA = FD.

(i) By taking transparent triangle, and placing it on both the
triangles, it can be verified that both the triangles ABC and
DEF are congruent.

(iii) Placing the transparent triangle with other corresponding
vertices, the idea of corresponding parts can be well
explained.

Use

* Model can be used to show that if in any two triangles,
three sides of one triangle are equal to the corresponding
three sides of the other triangle, then the triangles are
congruent,

» This model can also be used to explain the ideas of
correspondence of vertices and corresponding parts of two
triangles.



['sas congruency Condition |

Materials

Hard board, coloured glaze papers, transparent sheet, scale,
protractor, adhesive, steel wires.

Preparation
fi) Cut two triangles with SAS congruency condition and paste
them on the hard board.
(i) Cover these two triangles with coloured glaze papers.

(iif) Draw a triangle with same congruency condition and
measurement on the transparent sheet.,

{iv) Cut out two line-segments from steel wires and the angle
included between these line segments of the same
measurement as of the two triangles formed in setp (i).

{v) Form a pocket to put the cut out line segments and the
included angle; and the triangle on the transparent sheet.

A
B c B F
[a) ib)
\ ()
()



Demonstration

Working is as shown below:
(i) By taking line-segments from the pocket, it can be verified
that
AC = DF and BC = EF

(ii) By taking angle from the pocket, it can be verified that
LC = £F
(iii) By taking transparent triangle and placing it on both the

triangles, it can be verified that both the triangles ABC and
DEF are congruent.

(iv) Placing the transparent triangle with other corresponding

vertices, the idea of corresponding parts can be well
explained.

Use

* Model can be used to show that if two sides and the included
angle of one triangle are equal to the two sides and the
included angle of the other triangle. then the triangles are
congruent.

* Model can also be used to explain the ideas of
correspondence of vertices and corresponding parts of two
triangles.



Actvity 18
r;sa Congruency Cnndiﬁuﬂ

Materials

Hard board, coloured glaze papers, transparent sheet, scale,
protractor, adhesive, steel wires.

Preparation

(i) Cut two triangles with ASA congruency condition and paste
them on the hard board.

(i) Cover these two triangles with coloured glaze papers.

[iii) Draw a triangle with same congruency condition and
measurement on the transparent sheet.

(iv) Cut out the equal angles from steel wires and the included
line segments of the same measurement as of the two triangles
formed in step (i).

(v) Form a pocket to put the cut outs of these angles and the
included line segments and also the triangle on the
transparent sheel.

AA/

Fig. 4.1.18




Demonstration

Working is as shown below:
(i) By taking angles from the pocket, it can be verified that

ZC=/Fand ZA= /D

(i) By taking line-segment from the pocket, it can be verified
that
AC =DF

(iii) By taking transparent triangle and placing it on both the
triangles, it can be verified that both the triangles ABC and
DEF are congruent.

(iv] Placing the transparent triangle with other corresponding

vertices, the idea of corresponding parts can be well
explained.

Use

* Model can be used to show that if two angles and the included
side of one triangle are equal to the two angles and the
included side of the other triangle, then the two triangles are
congruent.

* This model can also be used to explain the ideas of
corresponding vertices and corresponding parts of two



Actvity 19
r_RI-IE Congruency l:undltinﬂ

Materials

Hardboard/cardboard, coloured glaze papers, transparent sheet,
scale, protractor, adhesive, steel wires.

Preparation

(i) Cut two triangles with RHS congruency condition and paste
them on the hard board.

(ii) Cover these two triangles with coloured glaze papers.

(lii) Draw a triangle with same congruency condition and
measurement on the transparent sheet.

(iv) Cut out the equal hypotenuse from steel wires, one line segment
and right angle as of the two triangles formed in step (i), :

(v)] Form a pocket to put the cut outs of line segments and the
right angle and also the cut out triangle on the transparent
sheet.

NN

Fig. 4.1.19




Demonstration

Working is as shown below:
(i) By taking line segments from the pocket, it can be verified

that CA = FD and BC = EF

(ii) By taking angle from pocket, it can be verified that :
£A = 7D

(iii) By taking transparent triangle and placing it on both the
triangles, it can be verilied that both the triangles ABC and
DEF are congruent.

(iv) Placing the transparent triangle with other corresponding
vertices, the idea of corresponding parts can be well
explained.

Use

* Model can be used to show that if in any two right triangles,
hypotenuse and a side of one triangle are equal to the
corresponding parts of the other triangle, then the triangles
are congruent.,

* This model can also be used to explain the ideas of
correspondence of vertices and corresponding parts of two
triangles.



Actvity 20

rgum of the Angles of a Quad:ilaternl_“'
Materials
Cardboard, sketch pen, adhesive, glaze paper, scale, scissors,

Preparation
() Take a rectangular cardboard piece.
(ii) Make a quadrilateral on the cardboard.

(iii) Make cut-outs of all the four angles of the quadrilateral with
the help of a transparent sheet.

(iv) Make a pocket and put these cut outs in it.

\ 1)

Demonstration

(i) Take out the cut outs of angles from the pocket of the model.

(ii) Place the cut outs on the respective angles of the quadrilateral
and show that they are equal.

(iii) Arrange the cut-outs in such a way that vertex of each angle
coincide at a point (Fig. 4.1.20).

(iv) Such arrangements of cut outs show that the sum of the

angles of a quadrilateral forms a complete angle and hence is
equal to 360°,

Use

" Model can be used to verify the resull that the sum of the
angles of a quadrilateral is 360°,



Actvity 21

rﬂppultu Angles of a Cyclic Qnad.rihternu
Materials

Cardboard base, hard cardboard pieces, wooden pieces, scale,
sketch pen, glaze paper, scissors. :

Preparation
(i} Take a cardboard base.
(ii) Cover the base with glaze paper.
(iif) Cut a wooden circle and paste it on the base.

(iv) In the circle, draw a quadrilateral so that all the four vertices
of the quadrilateral lie on the circle.

(v) Make the cut ouls of the angles of the quadrilateral with the
help of a transparent sheet.

(vi) Make a pocket to keep the cul ouls.

Demonstration
(i) Take the cut outs from the pocket and place them on the
respective opposite angles to show that they are equal.

(i) Arrange the opposite angles in such a way that vertices of
these angles coincide at a point (Fig. 4.1.21).



(iii} After arranging the opposite angles, we find that the sum of

opposite angles of a cyclic quadrilateral is a straight angle
or 180°,

Use

* Model can be used to verify the result that the sum of the
opposite angles of a cyclic quadrilateral is 180°,



Activity 2

r—.&.ren of a Trapezium _J
Materials
Hardboard, thermocol, coloured glaze papers, adhesive ete.
Preparation

(i) Take a piece of hardboard for the base of the model.
(ii) Cut two congruent trapezia of parallel sides a and b.

(iti) Place them on the hardboard such that they form a
parallelogram as shown in the figure 4.1.22.

Fig. 4.1.22

Demonstration

Arrange the congruent trapezia in such a way that they form a
parallelogram as shown in figure 4.1.22.

Therefore, area of trapezium = % area of parallelogram

=%[a+h]xh

Use

= Model can be used to determine a formula for the area of a
trapezium.



Activity 23

r-ﬂhﬂiklrl'l proof of Pythagoras Theorem _J
Materials
Hardboard, thermocol, coloured glaze papers, adhesive.
Preparation

[} Make a square of side 13 units using thermocol strip.
(i) Make four right triangles of sides 12 units x 5 units and 13
units, i.e., a= 12 units, b= 5 units and e = 13 units,
(iii) Make a square of side a—- b {.e. 7 units,
(iv) Arrange these right triangles and square (of side 7 units)
on a square of side 13 units as shown in the figure 4.1.23,

C

24

£

Fig. 4.1.23

Demonstration

The teacher can show that in this model a square of side cis made of
four right triangles of sides aand band a square of side a— b,

Therefore, ¢” = 4 (Area of right triangle) + Area of square of side (a- b}

1
=4x 5axb+(abf
=2ab+ a’ + b* - 2ab
orc® = a* + b*
Use
* This model can be used to verify Pythagoras Theorem.

Note

* This method is known as dissection proof for Pythagoras
Theorem given by famous Indian Mathematician Bhaskara II.



Actvity 24

A Proof for Pythagoras Theorem
b

Materials
Cardboard, thermocol, coloured glaze papers, adhesive, etc.

Preparation

(i) Make a square of side a+ b= 17 units using thermocol strip.
([ii) Make four right triangles of sides

5 units, 12 units and 13 units, i.e., @a= 12 units, b= 5 units
and ¢= 13 units.

(ili) Make a square of side c = 13 units.

(iv) Arrange these right triangles and square (of side 13
units) on a square of side a + b = 17 units as shown in
figure 4.1.24a.

D i G

b bl b
()

(=] a’ | i

A b B

(a) [[3]]
Fig. 4.1.24
Demonstration

(i) Place the four right triangles as shown in the figure 4.1 24b,
(ii) (a) Subtracting the area of the four right triangles from
the square ABCD [Fig. 4.1.24a), we get the area of side
& lie et
(b) Subtracting the area of the four right triangles from the
square ABCD as shown in figure 4.1.24b, we get the area
asa’+ b



But from (a) and (b), area must be the same.
Therefore, ¢* = a* + b”,
which varifies the Pythagoras Theorem.

(iii) From the figure 4.1.24a, we can also write
(a+ b)* = 4 x (Area of right triangle) + area of square of side ¢,

1
A o 2
=4 x 2ab+c

or a’ +2ab+ b®=2ab + *
ie a’+b*=c?
which also varifies Pythagoras Theorem,

Use

* Model can be used to verify Pythagoras Theorem as above,
* Model can also be used to verify the identity :
(a+b)* = a® + 2ab + b*.

Note

* From the figure 4.1.24 (b), we can also deduce that area of square
ABCD =2 x area of rectangle of sides aand b + area of square
of side a + area of squaere of side b
=2ab+ a’ + b”
= [a+ b)*

i.e [a+ b)’=a’+ b*+ 2ab




Materials
Plywood board, hardboard, wooden margin, knobs, coloured
paper, scissors, glue.
Preparation
(i) Cut a square of size 40cm x 40cm from the plywood board.

(ii) Make a square of size 24em x 24cm leaving equal margin on
the above plywood board.

(iii) Cut a square PQRS of size 24cm x 24cm from hardboard
such that it exactly fits in the square made by margin in

.x
vl
= ;
=
=
=]
e}
7
| 4 2
3 T 1
1
3 ]
/\ 2
¥ cutout pleces used to draw parallelogram
(b) & a
(e

Fig. 4.1.25



(iv) The square in step (iii) is cut into 7 pieces along dotted lines
as shown in figure 4.1.25 a, with A and B as mid-points of
sides SR and RQ, respectively. TU|| BQ and PT L AB, where T
is the mid-paint of AB. Also AC | SQ.

(v] Fix knobs in various geometrical shapes obtained in step [(iv).
at appropriate places as shown by (.) in the figure.

Demonstration

(i) From the seven pieces shown in the model, recognition of
various geometrical shapes such as triangles, squares,
parallelograms, trapeziums, ete., can be taught.

(ii) Concept of congruent triangles and similar triangles can be
illustrated with the help of this model.

Use

* Model can be used for the recognition of different geometric shapes
and also for recreational purpose as shown in figure 4.1.25.
Arrange the 7 cut out pieces on the drawing sheet in the
manner as shown in the figure 4.1.25b and ¢. Now with the
help of a pencil make the outline of the picture. Remove all
the pieces and finish the drawing with good free hand.

* Various designs can be developed using tangrams.

* The students should be asked to remove all the geometrical
shapes and make the margined square empty. They should
be asked to refix all the shapes in the margin so as to again
take the shape of a square.

Note
® This is, popularly known as famous Chinese Puzzle.



Actmvity 26

r_.&ran ofa (Hrcll_:J

Materials

Hard wood, saw, glaze papers, scissors, adhesive, scale, pencil,
eraser, sketch pens, drawing sheets, etc.

Preparation
(i) Cut a circular and a rectangular piece of wood.

(ii) Make a border on all the four sides of the rectangular piece of
wood. Paste a coloured paper on the circular piece.

(iii) Cut the circle into 16 sectors of equal measurements.

(iv) Make a trace copy of these sectors and paste them on the

rectangular sheet as shown in the figure. These sectors so
arranged form a rectangle whose dimensions are nrand r.

(b)

Fig. 4.1.26

Demonstration

The formula for the area of the circle can be explained as below:
Area of the rectangle=Ix b

) .
Here lis 5 circumference of the circle and b = r (radius).

1
Solxb=7x2nrxr= nr? square units.



(i) Take one sector which can be taken as a triangle with radius
of the circle as approximate height of the triangle. Then

ﬁreauftriangle=%x rx b (b = base of the triangle)

Therefore, area of circle = 16 x —;— rxhs= % r{l6 x b

=% rx 2 nr = nr® sq units

Here, (16 x b) is equal to the circumference of the circle.
(ii) For more accurate result the number of sectors may be taken

as large as possible.
Use

* Model can be used for explaining the formula of the area of a
circle as shown in figure 4.1.26.



Actvity 27
r-Net of a Cyl:lnder‘_‘

Materials

Thermocal sheet, transparent sheets, glaze paper, adhesive,
scissors, scale, compasses, drawing pins, sketch pen.
Preparation

(i) Take a rectangular piece of thermocol sheet.

{if) Cover it with coloured glaze paper.

(iif) Take a rectangular piece of transparent sheet (22 cm x 19 emn
nearly),

(iv) Cul two circles from the transparent sheel with radius equal
to 3 cm nearly the radius of the cylinder.

(v) Attach rectangular piece and the two circles of transparent
sheet on thermocol sheet.

{vi) Two circles will become the top and bottom of the cylinder.
{vii) By folding the rectangular sheet, cylinder can be made.

(viii) Net of the cylinder is considered as top and bottom (circular
in shape) and a rectangular piece of sheet.

F
oy
v

£
>

Fig. 4.1.27



Demonstration

(i) The breadth of the rectangular sheet is equal to height of the

cylinder.

(i) The length of the rectangular sheet equals 2nr which is the
circumference of the circular top or bottom of the eylinder.

(iii) The Area of the rectangle =1x b
=2nrx h
= 2nrh = curved surface area of the cylinder

(iv) Adding nr” +7r” to the above, the whole surface area of the
cylinder
= 2nrh+ 2nr?

Use

* This model can be used to explain the concept of curved
surface and whole surface of a cylinder and their formulae as
above,



Actvity 28

r—Rellt:lou between the Volumes of a Cylinder and a
Cone with same Base Radius and same Height ‘J
Materials
Thermocol, transparent sheet, scissors, sketch pen, scale.

Preparation

(i) With the help ol a transpareni sheet, make a cone wilh
height h and radius of the base r.

(ii) With the similar transparent sheet, make a cylinder with
same height 'h’ and radius of base same as that of the cone
(Fig. 4.1.28).

Fig. 4.1.28

Demonstration

{i) Take some sand (or water) and fill the cone with it.
(ii) Pour the sand (or water) of the cone into the eylinder.

(iii) Again fill the cone with sand (or water) and pour into the
same cylinder,

(iv) Repeat this process three times.

(v) It will be found that after filling the sand (or water) through
the cone three times, the whole cylinder will be filled with
sand (or water).

Use

= Model can be used to verify that volume of the cylinder = 3
[volume of the cone with same base, radius and height),



Actvity 29
r-ﬂumu Activities by Paper -l"nld:lnu
Material

Hardboeard, coloured paper, scale, adhesive and sketch pens,
papers

Preparation
(i) Take a hardboard of measurement 12cm x 12em.

{ii) Take a rectangular paper and draw a line [ on it. Fold the
paper so that line { folds on itself. Unfold the paper and
draw a line PQ along the crease (Fig. 4.1.29a).

(iii) Cut out an angle from the paper and fold it so that one ray
falls on the other. Unfold the paper and draw a ray AD
along the crease (Fig. 4.1.29b).

(iv) Draw a line segment on a rectangular paper. Fold the paper
to join the twe end points of the segment. Unfold the paper
and draw a line LM along the crease (Fig. 4.1.29c¢).




Fig.4.1.29

(v} Draw a line segment on rectangular paper. Join the end points
twice by folding the paper twice. Unfold the paper and draw
lines CD, LM, FG along the creases (Fig. 4.1.29d).

{vi} Cut an isoscles triangular region ABC from the paper. Fold
this paper through A so that side BC folds along itself. Draw
the line AD from the vertex A to the base BC along the
crease (Fig. 4.1.29e].

Demonstration
(i) Explain that PQ is perpendicular to [ (Fig. 4.1.29a)

(i) Demonstrate that ray AD is the bisector of the angle BAC.
(Fig. 4.1.29hb)

(iii) Explain that the line LM is the perpendicular bisector of
the line segment AB (Fig. 4.1.29c¢).

(iv) Explain that the line segment AB gets divided into four equal
parts. (Fig. 4.1.29d)

(v] Explain that AD is the allitude of the triangle ABC (Fig. 4.1.29¢)

Use

* Model can be used to demonstrate different types of activities
by paper folding.
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Actmvity 1

r;lgabﬂ.ln Identity : (a + b)® =a® + b® + 3a®b + Sahl_‘
Materials

Acrylic Sheet, cutter, glaze paper, wooden board, saw, sketch
pens, adhesive,

Preparation

(i) Take a cube of side a = 3 units and one more cube of side

b = 1 unit as shown in figure 4.2.1a and b using wooden
board.

(ii) Cut out three cuboid of dimensions ax ax bor3x 3 x 1 as
shown in figure 4.2.1 (c), (d) and (e) using wooden board.

e} id) 5]



{n (g) (h)

(i)

Fig. 4.2.1

i) Cut out three cuboid of dimensions ax bx bor3x 1 x 1 as
shown in figure 4.2.1 (), (g) and (h) using wooden board.

Demonstration

(i) Assemble all the cuboids given in (a), (b}, (c), (d), (e), (0}, (g) and
(h) in order as shown in figure 4.2.1 i which is a cube of side
[a+ b).

Thus, (a+b)® = a® +b? + 3a*b + 3ab®

(ii) By suitable arrangements of cubes and cuboids, identity
(a+ b = a® +b* +3a*h + 3ab’ can be verified.

Use

* Model can be used to verify algebraic identity
(a+ b = a* +b* +3a*b + 3ab?

Note
* This model can also be used at the Elementry Stage.



Actvity 2

r;l.gahralc Identity: a®+b®= (a+b) a? + (a+b)b?® - ab (a+b)
= (a+b) (a® — ab + b?)

Materials
Acrylic sheet, cutter, glaze paper, wooden block, saw.

Preparation
(i) Take a cube of side a = 3 units and another cube of side
b = 1 unit as shown in figure 4.2.2 a and b.
{ii) Cut out the cuboid of dimensions ax ax bor3x3x1

(Fig. 4.2.2¢).
(iii) Cut out the cuboid of dimensions ax b x b or3x1x1
(Fig. 4.2.2d).
/
(a) (k) (c)
(d)
I
]
[
[f) (g)

Fig. 4.2.2



Demonstration

(i) Assemble all the cuboids (a), [b), (c), [d) on the table as shown
in figure 4.2.2 (e).

(i) Remove (c) and (d), we are left with a® + b®, in figure 4.2.2(f)

(iii) Join the two cuboids (¢) and (d) as shown in the figure 4.2.2 (g).
It is a cuboid of volume (a+b)ab

(iv] Remove (a+b) ab from the sum of [a+h) a®and (a+b) b? to
obtain a® + b?. So that

a’ + b* = (a+b)a® + (a+b)b? — ab (a+b)
= (a+h) [a® +b? - ab).

Use

* Model can be used to verify algebraic identity :
a*+ b*=(a+b) [a®- ab + b?



Actvity 3

r;lgebra:lc Identity : a®-b®=(a-Db)(a*+ ab+ ﬁU
Materials

Acrylic sheet, wooden board, sketch pens, glaze paper, scissors,
adhesive, etc.

Preparation
(i) Take a= 3 units, b= 1 unit so that a- b=(3 - 1) i.e. 2 units
(i) Make a cuboid of size (a— b) x a x a cubic units, using
woaden board as shown in figure 4.2.3 (a)
(iii) Make another cuboid of size (a— bjx ax bor 2 x 3 x 1 cubic
units, using same wooden board as shown in figure 4.2.3 (b}
{iv) Make one more cuboid of size (a- b)) x bx b or2 x 1 x 1
cubic units as shown in figure 4.2.3 (d)
[v) Make a cube of size bx b x b or 1 x1 x1 as shown in figure

4.2.3 (]
a b
i =D
. <abs P ;
; (@ o
€ a b>
—a-b-» (b)
(a)
o a
a8

1-'—"_'?_?‘ a

(e) (i

Fig. 4.2.3



[vi) Make a cube of size ax ax aor 3 x 3 x 3 cubic units from
acrylic sheet to keep the model safely as shown in figure
4.2.3 [T)

Demonstration

Assemble all the three cuboids in such a way that they give a

cube of size 3 x 3 x 3 cubic units. By suitable arrangements

of cubes and cuboids, identity a® - b* = (a~ b) (a® + ab+ b

can be verified as follows:

Adding (a), (b), (c] and (d), we get (f) i.e.

a'=(a-b)x axa+(a-b)xaxb+la-blxbxb+bxhbhxb
=[a- b) (a® + ab + b?) + b*

Subtracting b® from both sides, we get

a’- b® =(a-b) [a? + ab + bF)

Model can be used to verify the algebraic identity:
a’-b*=(a-b) (a®+ab+ b? 5



Model can be used to verify that:
* Areas of parallelograms on the same base and between same

parallels are equal in area.
= Area of triangle and a parallelogram on the same base and

between same parallels = area of a triangle = 3 area of
the parallelogram.



Actvity 10
r;laklng an Isosceles Trapezium ABCD into
an Equivalent Area of a Rectangle

Materials

Plywood board, hardboard, coloured papers, scale, adhesive,
scissors, wooden margins.

Preparation

(i) Take a plywood board of size 40cm x 30cm and paste

coloured paper on it.

(ii) Draw an isosceles trapezium ABCD on the plywood board
in which AD = BC.

(iif) Fix wooden margins along the sides of the trapezium ABCD.

(iv) Cut a hardboard piece of size ABCD.

(v) Draw AE perpendicular to DC and cut right triangular
portion ADE from the above hardboard.

(vi) Fix wooden margins BF and CF such that BF = DE and
AE = CF as shown in the figure 4.2.10.

A'('""'“"'““'"'ﬁﬂﬂl""""""} Bﬂcm}F
|

T T Y e

Fig. 4.2.10

Demonstration

(i) Take out the triangular hardboard ADE and keep it in such
a way as to get the rectangle AECF.

(i) Explain that the area of the trapezium ABCD is equal to the
area of the rectangle AECF.

Use

= Model can be used to explain equivalence of area of rectangle
with isosceles trapezium.



Actvity 11

Gﬂﬂﬂcaﬂnn of Pythagoras ThnureniJ

Materials

Flywood board, hardboard, coloured papers, scissors, wooden
margins, adhesive.

Preparation
{i) Cut a square of size 60 cm x 60 cm from the plywood board
and paste a coloured glaze paper on it.

(ii) Make a right triangle with sides 24 cm, 7 cm and 25 em of
different coloured glaze paper and paste it on the centre of
the board and name it as ABC,

(iii) Fix wooden margins along the sides of the triangle ABC.

(iv) Make squares on the sides AB, AC and BC in the triangle
ABC using wooden margins as shown in figure 4.2.11.

Fig.4.2.11



fit in the square made in step (iv) as shown in figure 4.2.11.

(vi) Cut the square ABGF of hardboard in four congruent parts
in such a way that these four parts together with the square
ACDE exactly fit in the square BCIH.

{vii) For this, follow the steps given below:

(a) Through the point of intersection O of diagonals, draw
MN || BC.

{b) Construct right bisector QP of MN through O.
(e} Cut the square ABGF along the lines MN and QF.

Demonstration
Take out the four pieces of square ABGF together with the square
ACDE and arrange them in the square BCIH in such a way that
they exactly fit there. This verifies the Pythagoras theorem.
Use

» Model can be used to verify Pythagoras Theorem.



Actvity 12

ﬁerlﬂcnﬂnn of Thales Theurenl_‘

Materials

Hardboard, screws, coloured glaze papers, adhesive, scale, 4 pulleys,
thread, marker, scissors, white chart paper.

Preparation

(i) Cut a piece of hardboard having a size of 40 em x 40 em and
paste some white chart paper of same size on it.
(i) Draw a horizontal line, 2 cm above the bottom of the paper
pasted in step (i) above.
(iii) Draw two perpendicular lines, 34 em apart on this horizontal
line at the points A and B (leaving 3 cm on each side of the
edge of the paper) and graduate these lines.

Screws Screws
Cao =

40 em
Pulley . L Pulley
with screws . Bl . iy _with screws

Scale acale
Pulley Pulley
with with
BCTEWS SCTEWS

2 em) cm

40 cm >

-

Fig. 4.2.12
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(iv) Cut a triangular piece of hardboard and paste coloured glaze
paper on it and place it between the perpendicular lines AC
and BD such that its base is parallel to the horizontal line
as drawn in figure 4.2.12.

(v) Graduate the other two sides of the triangular piece as shown
in the figure 4.2.12.

(vi) Put the screws along the horizontal line 34 cm apart and two
more screws on the top of the board at the point C and D (34
em apart) such that A, B, C and D become four vertices ofa
rectangle.

(vii) Take a scale and make four holes on it as shown in the figure
4.2.12 and fix four pulleys at these holes with the help of
SCTEwWS.

(viif) Fix the scale on the board using the thread tied to nails fixed
at point A, B, C, and D passing through the pulleys as shown
in the figure 4.2.12 so that the scale is parallel to the horizontal
line AB and can be moved up and down over the triangular
piece [reely.

Demonstration

i) Set the scale on vertical lines parallel to the base line of the A
PQR, say, at the points E and F. Measure the distance PE
and EQ and also measure the distance PF and FR. It can
be easily verified that

PE PE

EQ FR
This verifies Thales Theorem.
(ii) Repeat the activity stated in (i) by moving scale up or down
parallel to the base and verify the Thales Theorem in different
cases,

Use

= Model can be used to verify Basic Proportionality Theorem
(Thales Theorem).



Actmvity 13

mﬂo of the Areas of Similar ‘l‘rlmglf“

Materials

Plywood board, hardboard, coloured glaze papers, scale, adhesive,
scissors, wooden margin.

Preparation

(i) Cut a plywood of size 60 cm x 30 cm and paste coloured
glaze paper on it.

(ii) Cut two triangular pieces I and II of hard board of
dimensions AB = 6 units, BC = 9 units, CA = 12 units) and

3 3 3
GE=EAB. GF:EBC.EF=-4" CA so that they are similar.

(iii) Divide both the triangles into smaller similar triangles as
shown in figure 4.2.13 and paste different coloured paper
on each triangle.

(iv) Fix the triangles 1 and II on plywood taken in step (i) with
margins around them.

B

1




Demonstration

(i) Count the number of unit triangles in a shown in the model
as 1,2,3... In this case the number of unit triangles is 16.

(ii) Count the number of unit triangles in b which is 9,
(iil) Verify that

Area of Trianglel 16 _ 12°  12*
Area of Triangle I 9 [3 ]’- 9

=12
4

_ (Side)’of Triangle 1
(Side)®of Triangle II

= Ratio of the squares of corresponding

sides of triangles.

Use

* Model can be used to verify the result that ratio of the areas
of two similar triangles is equal to the ratio of the squares of
their corresponding sides.



Activity 14

r;ﬂd-pnint Th&nrw
Material
Plywood, black eolour, scale.

Preparation
(i) Cut out a A ABC from plywood.

(i) Mark the mid points of AB and AC as D and E, respectively
and join D to E. Paint A ADE with grey colour.

(i) Cut out another triangle CEF congruent to A ADE. Paint this
triangle with grey colour.

(iv) Place this triangle (step iii) as shown in the figure 4.2.14.

Fig. 4.2.14

Demonstration
(i) Observe that BCFD is a parallelogram.

(il) Also DE = % BC as DE = EF and opposite sides of
parallelogram are equal
Use
* Model can be used to demonstrate mid point theorem.



Actvity 15

r—.ﬁnglun of a Cyclic Quadrllateml‘_]

Materials

Plyboard, cardbeard, drawing pins, glaze paper, sketch pens,
scissors, adhesive.

Preparation

(i) Cut out a circle of radius 7 ¢ on a cardboard and paste
yellow glaze paper on it.

(if) Draw a cyclic quadrilateral and extend one of its sides CD
to the point E to make an exterior ZADE.

(iii) Use four different coloured glaze papers to represent four
angles of the quadrilateral.

(iv) On a piece of cardboard, cut out three angles of measure
equal to that of ZA, £B and ZC and paste blue, red and
black glaze papers, respectively on the cut outs.

{v) With the help of drawing pins, fix the red coloured angle on
the exterior angle ZADE.

(vi) With the help of drawing pins, fix the blue and black coloured
angles on ZA and £C, respectively inside the cyclic
gquadrilateral.

Fig. 4.2.15



Demonstration

(il Remove the drawing pins and place the red coloured
cardboard angle on ZB to show that exterior ZADE is equal
Lo its interior opposite £B.

(ii) Again remove the blue and black coloured cardbua_rd angles
from the cyclic quadrilateral and place them on a straight
line to show that the opposite angles of a cyclic quadrilateral
are supplementary.

Use
Model can be used to verify that:
* Opposite angles of a cyclic quadrilateral are supplementanr
= Exterior angle of a cyclic quadrilateral is equal to the interior
opposite angle.



Actmvity 16

r__Angl!:n in a Dirclt:‘_‘
Materials

Plyboard, cardboard, drawing pins, glaze papers, sketch pens,
sCissors,

Preparation

(i) Draw a circle of radius 7 ¢cm on a cardboard sheet and

paste a glaze paper on it. Let O be the centre of the circle
and AD be one of its chords.

{il) Take points B, E and C on the circle. Join AO, OD, AB, BD,
AE, EC, AC and CD.

(ili) Draw a tangent PQ at the point A of the circle.
(iv) Bisect £AOD, by the line segment OF.

{v) On another cardboard sheet, cut out the angles of measures
equal to that of ZABD, ZACD and £CAQ and colour them.

(vi} With the help of drawing pins, fix these cardboard angles as
shown in the figure,




Demonstration

(i) Remove the coloured cardboard £ ABD and £ ACD and place
them one over the other. As the two angles completely cover
each other, we can say that angles in the same segment of a
circle are equal.

(i) Again, remove the coloured cardboard £ ABD and ~ ACD one
by one, and place them on ZAOD so that ZABD and £ACD
are adjacent to each other. We will observe that ~AOD is
covered completely by these two angles. This shows that the
angle subtended by an arc at the centre is twice the angle
subtended by the same arc at any point on the remaining
part of the circle,

(iii) Remove the drawing pin and place the yellow coloured
cardboard angles # CAQ on £ AEC. As they completely cover
each other, we can say that the angle between the tangent
and the chord is equal to the angle subtended by the chord
in the alternate segmernt.

Use

* Model can be used to verify that angle between a tangent and
chord of a circle is equal to the angle subtended in the alternate

segment.



Actmvity 17

r_The Angles subtended by an Arc at the Centre and
at any Point on the remaining Part of the ClrcleFJ
Material
Cardboard, glaze paper, scissors, sketch pen, scale, adhesive,
protractor, transparent sheet.
Preparation
(i) Take a rectangular cardboard.

(ii) Cover the cardboard with glaze paper and make it base for
the model.

(iii) Make a circle on the base of the cardboard.

(iv) By taking an arc, make a wooden cut out of a sector, The
sector will be making an angle at the centre of the circle.

(v) With the same arc, make a cut out of an angle at the
remaining part of the circle.
{vi) Prepare a pocket to keep the cutouts of the angles.

A

Fig. 4.2.17

Demonstration
(i) Take the cutouts from the pocket of the model.

{ii) With the help of a transparent sheet or by placing a protractor

.on the cutouts, explain that the angle subtended at the centre

is double the angle subtended at any point on the remaining
part of the circle.

Use

* Model can be used to verify that the angle subtended at the
center is double the angle subtended at any point on the
remaining part of the circle.



+ ActviTy 18

r;:hardn and Tangents in a Circlu

Materials

Plywood, chart paper, coloured glaze paper, nail, thread, adhesive,
ete,

Preparation
i} Take a plywood board of size 50 em x 40 cmeand fix coloured
glaze paper on it.
(i) Draw a circle of radius 10 cm on a chart paper and cut out
the circular region from it.
(i) Fix the circular region with adhesive on the plywood board.
[iv] Take any two points A and B on the circle and two other
points C and D such that line joining C and D crosses the

line joining A and B at a point P and fix up nail at A, B, C
and D.

(v) Tie threads at A and C and extend these upto B and D,
respectively and tie them at these places.
(vi) Similarly, select the points A’, B' and C', D' and graduate
space on paper under them.
(vii) Fix up nails at C', D' and A', B'. This results as in
figure 4.2.18 (a).

Fig. 4.2.18



(viii) Take another sheet of charl paper of size 20 em x 12 em.
(ix) Draw a circle of a radius 5 em on it.

(x) Take a point P at a distance of 10 em from the centre of the
circle,

(xi) Draw Langent P T to the circle from the point P. Also secants
PAB and PA’B’ passing through the point P.

(xii) Fix up nails at points P, A, B, A", B’and T,

[xiii) Stretch threads along PAB, PA’ B’ and PT and graduate
the space on the paper under them. This results in figure
4.2.18 (b).

Demonstration

(i) In figure 4.2.18 (a), take the measurements of PA and PB,
also of PC and PD. !

(i) Verify that PA x PB = PC x PD.

(iif) Similarly, verify that P'A’ x P'B’ = P'C’ x P'D’

(iv) In figure 4.2.18 (b) measure the lengths of PT, PA, PB and
PA’ and PB’. Verify that (Fig. 4.2.18b): PT? = PA x PB.

Also PT?*= PA’ x PB’
Use

* Model can be used to verify some results relating to
intersecting chords, secants and tangents of a circle.



Activity 19

r_Farmatlun of Cones from Sectors of a Blrclu

Materials

Thermocol sheet, transparent sheets, glaze paper, sketch pen,
white charl paper, nails, black marker pen.

Preparation
(i) Take a thermocol base of size 19 em x 22 cm.
(ii) Paste a coloured glaze paper on this base.

(iii) Paste a margin of a different colour on all the four sides of the
base.

(iv) Cut out two circles of radius 10 em from a transparent sheet.

(v} From one of the circles, cut out a sector of degree measure
120°,

(vi) Bring together both the radii of the sector to form a cone and
paste the ends.

{vii) Fix the cone on the thermocol,

(e]

Fig. 4.2.19

Demonstration
(i) Curved surface area of the cone = Area of the sectar.
(ii) Slant height (I) of the cone = radius of the circle

(iii) Circumference of the base of cone = arc length of the sector.
{ivl Radius of the base of the cone = r



{v) Measure the radius of the circle. Call it . Then measure the
radius of the base of the cone which has been fixed s&paratahf
Callit r.

[vi) Area of the sector =
arc length

* grea of the circle

circumference of the circle
= 2 o=l
21:."

Use

= Model can be used to explain the fonnula for curved surface
area of a cone.



Actvity 20

r-Fiudlng Volume Relationships among Right Circular
Cone, A Hemisphere and A Right Circular Cylinder
of the Same Radii and Heights :

Materials

Cardboard, plastic sheet, cutter, plastic ball, adhesive, marker,
sand or salt.

Preparation

(i) Take a plastic ball of radius, say 20 em and cut this ball
into two halves so as to obtain a hemisphere.

(ii) Take a plastic sheel and put it on the cardboard. Cut the

sheet and paste it to get a right circular cone of radius 20cm
and height 20cm.

(iii) Similarly, cut a plastic sheet and make a right circular
cylinder of radius 20 em and height 20 em.

[c)
Fig. 4.2.20



Demonstration

{i) Fill the cone with salt or sand and pour it twice into
hemisphere. Show that hemisphere is filled with the sand
or salt.

(i) Fill the cone with salt or sand and pour it 3 times into the
cylinder. Show that cylinder is filled.

(iii) Explain that the volume relationship of cone, hemisphere
and cylinder of the same height and radii are in the ratio of
1: 2: 3, respectively.

(iv) Explain the validity of the observations mathematically as
follows:

1
Volume of the cone = "3- nrih

Fe
Volume of the hemisphere = Tﬂ: r

Volume of the cylinder = nr*h

In case, if r = h, then the volume relationship is
1 n

= '3"11:1'"-‘: —?’"ra:ﬂr“

=1:2:8






















































































































































































































































