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1 Introduction

Taking into consideration the national aspirations and expectations reflected in the
recommendationsof the Nationa Curriculum Framework developed by NCERT, the Central
Board of Secondary Education had initiated anumber of stepsto maketeachingandlearning
of mathematicsat school stage activity-based and experimentation oriented. Inadditionto
issuing directionstoitsaffiliated school sto take necessary actioninthisregard, adocument
on ‘Mathematics Laboratory in Schools—towards joyful learning’ was brought out by
the Board and made availableto dl the schools. Thedocument primarily aimed at sensitizing
the school sand teachersto the concept of Mathematics L aboratory and creating awareness
among schoolsasto how theintroduction of Mathematics L aboratory will helpinenhancing
teaching —learning processin the subject from the very beginning of school education. The
document alsoincluded anumber of suggested hands-on activities.

Withtheobjectiveof strengthening the concept further, the Board brought out another document
‘Guidelines for Mathematics Laboratory in Schools— Class X' in the year 2005. The
document aimed at providing detail ed guidelinesto school swith regard to the general layout,
physical infrastructure, material and human resources, etc for aM athematics L aboratory.
Besides, thedocument included alist of hands-on activitiesand projects, detailed procedure
to befollowed for carrying out these activitiesand the schemeof evauation. Inthemeantime,
the Board had issued two circularsto al itsschool swith regard to establishing M athematics
Laboratory and introduction of the scheme of internal assessment inthe subject. Circular
number 10 dated March 2, 2005 clarified that theinterna assessment of 20% isto begiven
onthebasisof performanceof anindividual inactivity work, project work and continuous
assessment. The school swereasoinformed through the samecircular that the schemewould
beeffectivefor Class|X from the academic session 2005-2006 and for Class X from the
academic sesson starting April 20061.e. from March, 2007 Examination.

2  About the present docunent

Thepresent document includesdetailsof all ClassX activitiesto becarried out by the students
during thefull academic session. Description of afew sample projectshasa so beenincluded.
SinceClass X isaterminal stage, great care hasbeen taken to ensurethat these activitiesare
directly rlatedto the syllabus, canbeeasly performed and do not require expens ve equipment
or materias. A detailed evauation scheme hasalso been given. A sincereattempt hasbeen
made to ensure that the students or teachers are not put to any kind of stress dueto time
congtraint, curriculumload or any other difficultiesin carrying out the proposed activity work.
For the sake of compl etenessand reinforcement of the concept, the present document reiterates
thegeneral featuresof aMathematicsL aboratory givenintheearlier document for Class|X.




3 Mathenmatics Laboratory

3.1 WhatisaMathematicsL aboratory ?

MathematicsL aboratory isaplacewhere students can learn and expl ore mathematical concepts
andverify mathemdtical factsand theoremsthroughavariety of activitiesusng different materids.
These activities may be carried out by the teacher or the studentsto explore, to learn, to
simulateinterest and devel op favourabl e attitude towards mathematics.

3.2  Need and purposeof MathematicsL aboratory
Some of thewaysinwhich aMathematics L aboratory can contributeto thelearning of the
subject are:

* It providesan opportunity to sudentsto understand andinterndizethebasi c mathematica
conceptsthrough concrete objectsand situations.

* Itenablesthe studentsto verify or discover several geometrical propertiesand facts
using modelsor by paper cutting and folding techniques.

* It hepsthestudentsto buildinterest and confidencein learning the subject.

» Thelaboratory providesopportunity to exhibit the rel atedness of mathematical concepts
witheveryday life.

* It providesgreater scopefor individua participation in the processof learning and
becoming autonomouslearners.

* Itprovidesscopefor greater involvement of both the mind and the hand which facilates
cognition.

» Thelaboratory alowsand encouragesthe studentsto think, discusswith each other
and theteacher and assimilate the conceptsin amore effective manner.

* Itenablestheteacher to demondtrate, explain and reinforce abstract mathematical ideas
by using concrete objects, models, charts, graphs, pictures, posters, etc.

3.3  Designand general layout

A suggested designand generd layout of |aboratory which can accommodate about 32 Sudents
at atimeisgiven here. Thedesignisonly asuggestion. Theschoolsmay changethedesign
and genera layout to suit their own requirements.

34  Physcal infrastructureand materials

Itisenvisaged that every school will have aMathematics L aboratory with ageneral design
and layout asindicated with suitable change, if desired, to meet itsown requirements. The
minimum materialsrequired to bekept in thelaboratory may includefurniture, all essential
equipment, raw materialsand other necessary thingsto carry out the activitiesincluded inthe
document effectively. Thequantity of different materia smay vary from oneschool to another
depending upon the size of the group.

35 Human Resour ces

Itisdesirablethat apersonwith minimum quaification of graduation (with mathematicsasone
of the subjects) and professional qualification of Bachelor in Education be madeincharge of
the MathematicsLaboratory. He/sheisexpected to have specia skillsand interest to carry
out practical work inthesubject. The concerned mathematicsteacher will accompany the
classto thelaboratory and thetwo will jointly conduct the desired activities. A laboratory




attendant or laboratory ass stant with suitablequalification and desired knowledgein the subject
can be an added advantage.

3.6  TimeAllocation for activities

Itisdesirablethat about 15% - 20% of thetotal availabletimefor mathematicsbedevoted to
activities. Proper dllocation of periodsfor |aboratory activitiesmay bemadeinthetimetable.
Thetotal availabletime may bedivided judiciously between theory classesand practical
work.

4  Schene of Eval uation (d ass X

41  Internal assessment

Itisenvisaged that 20% weightagewill begiventotheinternal assessmentinthesubject. The
following wel ghtages have been assigned to Board' stheory examination and school based
internal assessment for Class X examination. Theschemewill beeffectivefromMarch, 2007
examination onwards.

Theory Examination 80 marks
Internd Assessment 20 marks

These weightages have al so been reflected in the Board' s document * Secondary School
Curriculum, 2007, volumel.

Internal assessment of 20 marks, based on school-based examination, will havethefollowing
break-up:

Year-end assessment of activities ) 10 marks
Assessment of project work ; 05 marks
Continuous assessment : 05 marks

4.2  Assessment of Activity Work
Theyear-end assessment of activitiesand project work will be done during an organized
session of an hour and ahalf withintimation to the Board. Thefollowing parametersmay be
keptinmind for the same:
a) Theproposedinternal examination may be organized inthemonth of February asper
the convenience of the schools.

b) Every student may beasked to performtwo given activitiesduring theallotted time.
Special caremay betaken in choosing thesetwo activitiesto ensurethat the students
arenot put to any kind of stressdueto time constraint.

c) Thestudentsmay bedividedintosmall groupsof 20-25 as per the convenience of the
schools.

d) Theassessment may becarried out by ateam of two mathematicsteachersincluding
theteacher teaching the particular section.




€) Thebreak-up of 10 marksfor assessment of asingleactivity could beasunder:

* Statement of the objective of activity : 01 mark
» Design or approachtothe activity : 02 marks
* Actual conduct of theactivity : 03 marks
* Description/explanation of the procedure ; 03 marks
* Result and conclusion ; 01 mark

Themarksfor assessment of two activities (10+10) may be added and then reduced to be
out of 10.

Every student may be asked to complete the activities given in thisdocument during the
academic year and maintain aproper activity record of thiswork.

The schoolswould keep arecord of the activity notebook and project work of the students
work aswell asanswer scriptsof thisexamination for verification by the Board, whenever
necessary, for aperiod of six months.

4.3  Evaluation of project work

Every student will be asked to do at |east one project, based on the conceptslearnt inthe
classroom. The project should be preferably carried out individualy and notinagroup. The
project may not be mererepetition or extension of thelaboratory activities, but shouldam at
extenson of learningtoredl lifestuations. Besides, it should aso be somewhat open-ended
and innovative. The project can be carried out beyond the school working hours. Some
sampleprojectsaregiveninthedocument but theseareonly illustrativein nature. Theteacher
may encouragethe studentsto takeup new projects. Theweightage of five marksfor project
work could befurther split up asunder

| dentification and statement of the project ; 01 mark
Design of the project ; 01 mark
Procedure/processes adopted : 01 mark
Write-up of the project : 01 mark
| nterpretation of result : 01 mark

4.4  ContinuousAssessment
The proceduregiven below may befollowed for awvarding marksfor continuous assessment
inClassX.

a Reducethemarksof Class|X annual examination to beout of ten marks.

b) Reducethemarksof ClassX firstterminal examination to be out of ten marks.

¢) Addthemarksof (a) and (b) aboveand get the achievement of the student out of

twenty marks.
d) Reducethetotd in(c) aboveto theachievement out of five marks

Themarks (out of 5) may be added to the score of year-end assessment of activitiesand
project work (10 + 5) to get the total score out of 20 marks.
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12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

To obtain the conditions for consistency of a system of linear equationsin two
variables by graphical method.
To verify that the given sequenceis an arithmetic progression by paper cutting and
pasting method.
To verify that the sum of first n natural numbersis n(n + 1)/ 2, that is
>n=n(n+ 1)/ 2, by graphical method.
To verify the Basic Proportionality Theorem using parallel line board and triangle
cut-outs.
To verify the Pythagoras Theorem by the method of paper folding, cutting and
pasting
To verify that the angle subtended by an arc at the centre of acircle istwice the
angle subtended by the same arc at any other point on the remaining part of the
circle, using the method of paper cutting, pasting and folding.
To verify that the angles in the same segment of acircle are equal, using the method
of paper cutting, pasting and folding.
To verify, using the method of paper cutting, pasting and folding that

a. theangleinasemicircleisaright angle,

b. theangleinamaor segment is acute,

c. theangleinaminor segment is obtuse.
To verify, using the method of paper cutting, pasting and folding that

a. thesum of either pair of opposite angles of acyclic quadrilateral is 180°.

b. inacyclic quadrilateral the exterior angleisequal to theinterior opposite

angle.

To verify using the method of paper cutting, pasting and folding that the lengths of
tangents drawn from an external point are equal.
To verify the Alternate Segment Theorem by paper cutting, pasting and folding.
To make aright circular cylinder of given height and circumference of base
To determine the area of agiven cylinder. To obtain the formulafor the lateral
surface area of aright circular cylinder in terms of the radius (r) of its base and
height (h).
To give a suggestive demonstration of the formulafor the volume of aright circular
cylinder in terms of its height (h) and radius (r) of the base circle.
To make a cone of given slant length (1) and base circumference (2pr) .
To give a suggestive demonstration of the formulafor the lateral surface area of a
cone.
To give a suggestive demonstration of the formulafor the volume of aright circular
cone.
To give a suggestive demonstration of the formula for the surface area of a sphere
interms of itsradius.
To give a suggestive demonstration of the formulafor the volume of a spherein
terms of itsradius.
To get familiar with the idea of probability of an event through a double colour card
experiment.
To make a clinometer and use it to measure the height of an object.




Project 1: Efficiency in Packing
To investigate the efficiency of packing of objects of different shapesin a cuboid box.
(Efficiency is the percentage of box space occupied by the objects.)

Project 2. Geometry in real life

Inthisproject wetry to find situationsin daily life where geometrical notions can be
effectively used. In particular, the student discovers situations in which properties of
similar triangles learnt in the classroom are useful.

Project 3: Experiments on Probability

To appreciate that finding probability through experiment isdifferent from finding
proability by calculation. Students become sesitive towards the fact that if they increase
the number of observaions, probabilty found through experiment approachesthe
calculated probability.

Project 4. Displacement and rotation of a geometrical figure
To study the distance between different points of a geometrical figure when it is displaced
and / or rotated. Enhances familiarity with co-ordinate geometry.

Project 5: Frequency of letters/ words in a language
Analysis of alanguage text using graphical and pie chart techniques.

Group activity 1

Fourth order Magic Dance

The interplay of mathematics and art can be very appealing. This activity makes an
attempt to present a versatile form of the fourth order magic square through a dance.

Group activity 2
Live Lattice
Live latticeis alattice formed by students placed in square or rectangular formation .

Project 1
Mathematical designs and patterns using arithmetic progression

Project 2
Early history of Mathematics

Project 3
Analysis of test results and interpretation
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Activity 1 ?
) ) Materialsrequired
System of linear equations

3 graph papers,
Objective rul e,
To obtain the conditionsfor consistency of asystem of linear pencil.

equationsin two variablesby graphical method.

Pre-requisteknowledge
Plotting of pointson agraph paper

Procedure
1. Takethefirst pair of linear equationsintwo variablesof theform
ax+by+c =0
ax+by+c,=0
eg. 2x-3y=3
3Xx-4y=5

2. Obtainatableof ordered pairs(x, y), which satisfy the given equation.
Find at |east three such pairsfor each equation.
eg. For2x-3y=3

x 0 3 6

y -1 1 3
For 3x-4y =5

X -1 -5 7

y -2 -5 4

3. Plotthegraphsfor thetwo equationson the graph paper asshowninFig 1(a).
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4. Observeif thelinesareintersecting, parallel or coincident and notethefollowing:

© ®

ai bt Cl

a bz C
Takethe second pair of linear equationsin two variables,
eg. 6x+10y=4, 3x+5y=-11
Repeat the stepsfrom 2to 4.

Takethethird pair of linear equationsintwo variables
eg. X-2y=52x-4y=10

Repeat the stepsfrom 2to 4.

Fill inthefollowing observationtable

Type of lines a Ll a
a b2 c2

Intersecting

Parallel

Coincident

10. Obtaintheconditionfor two linesto beintersecting, parallel or coincident fromthe

a b C
observation table by comparing thevaluesof —, = and *1.
az' be C2
Observations NN
The student will observethatforintersectinglin&s; Z b’
a b o .. a b oa
for paralel lines — = — # — andfor coincidentlines — = — = —.
az be C2 a b2 c

L ear ning outcomes

The student will learn that some pairsof linear equationsintwo variableshaveaunique

solution (intersecting lines); somehaveinfinitely many sol utions(coincident lines) and some

haveno solution (paralée lines).

Remarks

1. Theteacher will explain that when asystem of linear equations has sol ution (whether

unigque or not), the systemissaid to be consi stent; when the system of linear equations has

no solution, itissaid to beincons stent.

2. Theteacher may consider additional examplesinwhich someof the co-efficientsare

Z&x0.
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Activity 2 ?
Materialsrequired

coloured paper,
Objective pair of scissors,
To verify that the given sequenceisan arithmetic progression geomelry box,
by paper cutting and pasting method. fevical,
sketch pens,
Pre-requisiteknowledge one sguared paper.

1. Définitionof anarithmetic progresson

Procedure
1. Takeagivensequenceof numberssay a , a,, a, ..
2. Cutarectangular strip from acoloured paper of W|dth k=1cm (say) andlength
cm.

3. glepeat thisprocedure by cutting rectangular stripsof thesamewidthk =1cmand
lengthsa,, a,, a,, ... cm.

4. Takelcm squared paper and paste therectangular strips adjacent to each other in
order.

A] Letthesequencebel, 4,7, 10, ....

Takestripsof lengths1cm, 4cm, 7cmand 10 cm, all of the samewidth say 1 cm.
Arrangethestripsin order asshowninFig 2(a). Observethat the adjoining stripshavea
common differenceinheights. (Inthisexampleitis3cm.)

B] Let another sequencebel, 4,6,9, ...

Takestripsof lengths1 cm, 4cm, 6 cmand 9 cm all of the samewidth say 1 cm.
Arrangetheminan order asshowninFig 2(b). Observethat inthiscasethe adjoining
stripsdo not have the samedifferencein heights.

So, fromthefigures, itisobserved that if the given sequenceisan arithmetic progression, a
ladder isformed in which the difference between the heights of adjoining stepsis constant.
If the sequenceisnot an arithmetic progression, aladder isformed inwhich thedifference
between adjoining stepsisnot constant.

L ear ning outcome
Studentslearnthemeaning of an arithmetic progression by relating it to an activity that
involvesvisudization.

Remark
Theteacher may point out that in thisactivity taking width of the stripsto be constant isnot
essential but convenient for visual smplicity of theladder.

12



Fig2(a)

Fig2(b)
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Activity 3 ?
Materialsrequired

chart paper,
Objective sketch pens,
To verify that the sum of first n natural numbersis geometry box,
n(n+1)/2,i.e.Zn=n(n+1)/2, by graphical method. squared paper.

Pre-requisteknowledge

1. Natura number system
2. Areaof squaresand rectangles

Procedure
L et usconsider the sum of natural numberssay from1t010,i.e.1+2+3+... +9+ 10.
Heren=10andn+1=11.
1. Takeasquared paper of size 10 x 11 squaresand pasteit on achart paper.
2. Ontheleft sidevertica line, mark thesquaresby 1, 2, 3, ... 10and onthe
horizontal line, mark thesgquaresby 1,2, 3..... 11.
3. Withthehelp of sketch pen, shaderectanglesof lengthequal tolcm,2cm, ...,
10cm and of 1 cmwidth each.

Observations

The shaded areaisone haf of thewhole areaof the squared paper taken. To seethis, cut
the shaded portion and placeit on theremaining part of thegrid. The student will observe
that it completely coversthegrid.

Areaof thewhole squared paperis10 x 11 cm?.

Areaof theshaded portionis(10 x 11) / 2 cm?.

Thisverifiesthat, for n=10,
n=nx(n+1)/2

The same verification can bedonefor any other valueof n.

L ear ning outcome
Studentsdevel op ageometricd intuition of theformulafor the sum of natural numbers
gartingfromone.

14
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Activity 4 ?

coloured paper,
pair of scissors,
paralld lineboard,
Objective ruler,
Toverify theBasic Proportionality Theoremusing pardlé line sketch pens.

board and triangle cut-outs.

Materialsrequired

Basic Proportionality Theorem

If alineisdrawn parallel to one side of a triangle to
intersect the other two sides in distinct points, the
other two sides are divided in the same ratio.

Pre-requisiteknowledge
Drawing pardld linesonarectangular sheet of paper.

Procedure

1. Cutthreedifferent trianglesfrom acoloured paper. Namethemas AABC,
APQR and ADEF.

2. Taketheparalld lineboard (aboard onwhich parald linesaredrawn) asshownin
Fig4 (a). (Note: Students can makethe parale lineboard, using thetechniques
giveninclass|X |aboratory manual.)

3. Place A ABC ontheboard such that any oneside of thetriangleisplaced onone
of thelinesof theboard asshowninFig 4 (b). (It would be preferableto placethe
triangleonthelowermost or uppermost line.)

4. MarkthepointsP, P,, P,, P,on AABCasshowninFig4(b).

JoinP,P,and PP,.
P,P,|IBCand P,P, || BC

5. Notethefollowing by measuring thelengthsof the respective segmentsusing a

ruler.
Ratios Value
AP
P:1B
AP>
P:.C
AP
Ps;B
AP+
P4C
6. Repeattheexperiment for ADEFand APQR.

16



Observations

Studentswill notesimilar equalitiesfor ADEFand APQR.

Studentswill observethat in all thethreetrianglesthe Basic Proportiondity

1. Studentswill observethat
AP:  AP:
INAABC 5B 7 p,c
APs  AP4
PsB _ PsC
2
3

Theoremisverified.

L ear ning outcome

Knowledge of the Basic Proportiondity Theoremfor atrianglewill bereinforced through

thisactivity.

Remark

Theteacher will point out to the studentsto observethat PP, || BC and P,P, || BC because
segmentsP P, , P,P, and BC are part of thelinesparallel to each other.

12’

Fig4(a)

Fig4(b)

\

Fig4(c)
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Activity 5 P
Materialsrequired

card board,
Objective coloured pencils,
To verify the Pythagoras Theorem by the method of paper pair of scissors,
folding, cutting and pasting. fevical,
geometry box.

Pythagoras Theorem

The area of the square on the hypotenuse of a right
angled triangleis equal to the sum of the areas of
sguares on the other two sides.

Pre-requisteknowledge
1. Areaof asguare.
2. Construction of parale linesand perpendicular bisectors.
3. Condructionof aright angledtriangle.

Procedure
1. Takeacard board of sizesay 20 cm x 20 cm.
2. Cutany right angled triangle and pasteit on the cardboard. Supposeitssidesarea,

bandc.

3. Cutasguareof sideacmand placeit along theside of length a cm of theright
angledtriangle.

4. Similarly cut squaresof sidesb cmand c cm and place them a ong the respective
sdesof theright angledtriangle.

5. Labd thediagramasshowninFig5(a).

6. JoinBH and Al. Thesearetwo diagonalsof thesquare ABIH. Thetwo diagonals
intersect each other at the point O.

7. ThroughO, draw RS||BC.

8. Draw PQ, the perpendicular bisector of RS, passing through O.

9. Nowthesguare ABIH isdividedinfour quadrilaterals. Colour themasshownin

Fig5(a).
10. Fromthesguare ABIH cut thefour quadrilaterals. Colour them and namethemas
showninFig5(b).

Observations
Thesquare ACGF and thefour quadrilateralscut fromthe square ABIH completely fill the
square BCED. Thusthetheoremisverified.

L ear ning Outcome
Studentslearn onemore method of verifying Pythagorastheorem.

Remark
Theteacher may point out that the activity only verifies Pythagorastheoremfor thegiven
triangle. Verificationisdifferent fromagenerd mathematical proof.

18



Fig5()

Fig5(b)
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Activity 6 ?
Materialsrequired

coloured papers,
apair of scissors,
Objective Coamm
To verify that the angle subtended by an arc at the centre of a pendil,
circleistwicetheanglesubtended by the samearc at any ruler,
other point ontheremaining part of thecircle, usingthe carbon paper or
method of paper cutting, pasting and folding. tracing paper.

Pre-requisteknowledge
Meaning of subtended angleby anarc.

Procedure

Draw acircleof any radiuswith centre O on acoloured sheet of paper and cut it.
Takearectangular sheet of paper and paste the cutout onit. [Fig 6(a)]
Taketwo pointsA and B onthecircletoobtainarc AB. [Fig 6(b)]
Formacreasejoining OA and draw OA.. [Fig 6(c)]

Formacreasejoining OB and draw OB. [Fig 6(d)]

Arc AB subtends [J AOB at the centre O of thecircle. [Fig 6(e)]

Takeapoint Pontheremaining part of thecircle.

Formacreasejoining APand draw AP, [Fig 6(f)]

Formacreasejoining BPand draw BP. [Fig 6(g)]

Arc AB subtends [J APB at thepoint Pon theremaining part of thecircle.
[Fig6(h]

Maketwo replicasof [1 APB using carbon paper or tracing paper. [Fig 6(i)]
Placetworeplicasof [ APB adjacent to each other on [J AOB. What doyou
observe? [Fig6())]

©WooN Gk~ wWDNE
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Observations
1. Studentswill observethat tworeplicasof [1 APB completely cover [1 AOB.
2. OAOB=20APB

L ear ning outcome
Studentsbecome morefamiliar with thetheorem (that is proved in classroom) through an
activity.

Remarks
1. Theteacher may ask the studentsto perform the activity for the caseswherearc
AB isamagjor arc or asemi circular arc.
2. Theteacher should point out that the activity only verifiesthetheoremandisnot a
proof of thetheorem.

20



Fig6(a) Fig6(b) Fig6(c)

Fig6()
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Activity 7 ?
Materialsrequired

coloured papers,
Objective pair of scissors,
To verify that theanglesin thesame segment of acircleare gL,
equal , using themethod of paper cutting, pasting and folding. scale,
compass,
Pre-requisiteknowledge pencil,
Geometrica meaning of ssgment of acircle. carbon papersor
tracing papers.
Procedure
1. Draw acircleof any radiuswith centre O and cut it.
2. Pastethecutout on arectangular sheet of paper. [Fig 7(3)].
3. Foldthecircleinany way such that achordismade. Draw theline segment AB.
[Fig7(b)].
4. Taketwo pointsPand Q onthecircleinthe samesegment. [Fig 7(c)].
5. Formacreasejoining AP. Draw AP.[Fig 7(d)].
6. Formacreasejoining BP. Draw BP. [Fig 7(e)].
7. O APBisformedinthemaor segment. [Fig 7(f)]
8. Formacreasejoining AQ. Draw AQ.[Fig 7(g)]
9. Formacreasejoining BQ. Draw BQ. [Fig 7(h)]

10. OAPBand U AQB areformedinthemajor segment. [Fig 7(i)]

11. Makereplicasof [J APB and [J AQB using carbon paper or tracing paper.
[Fig7()]

12. Placethecutout of U APB onthecutout of (] AQB. What do you observe?

Observations
Studentswill observethat

1. OAPBand UAQB areanglesinthe same segment.
2. U AQB covers [0 APB exactly. Therefore U APB =0 AQB

L ear ning outcome
Studentsbecome morefamiliar with thistheorem (proved in the classroom) through an
activity.

Remarks

1. Theteacher may ask the student to performthe activity by taking different pointsP
and Qincluding thosevery closeto pointsA and B.

2. Theteacher may ask the student to perform the activity using point Pinone
segment and Q inthe other segment and note that the anglesin the segmentsare
not equal, except inthe casewhen thechord AB isadiameter of thecircle. They
will find that thetwo anglesare supplementary angles.

22






Activity 8 ?

Materialsrequired
coloured papers,
apair of scissors,

Objective scde,
To verify, using themrthod of paper cutting, pasting and compass,
foldingthet pencil,
(@ theangleinasemicircleisaright angle, carbon paper or
(b) theangleinamajor ssgmentisacute, tracing paper,
(c) theangleinaminor segment isobtuse. cutout of right angled
Pre-requisiteknowledge riengle

Concept of right angle, acute angle, obtuseangle, linear pair axi on s ——

Procedurefor (a)
1. Draw acircleof any radiuswith centre O on acoloured sheet of apaper and cut it.
[Fig8a(a)]

2. Formacrease passing through the centre O of thecircle. Diameter AB is
obtained. Draw AB. [Fig 8a(b)]

Takeapoint Ponthesemicircle.

Formacreasejoining AP. Draw AP. [Fig 8a(c)]

Formacreasejoining BP. Draw BP. [Fig 8a(d)]

Maketworeplicasof L1 APB; call them LJ A P B, and O A,P,B.. [Fig8a(€)]
Placethetwo replicas adjacent to each other suchthat A, P, and P,B, coincidewith
each other asshownin Fig 8a(f).

NOo gk w

Observations
Studentswill observethat thetwo linesegmentsP A, and P,B, lieonastraight line.

Therefore, 1 A.P.B.+ I B.P.A, =180°

2272 111

But JAPB,and I B,PA arereplicasof [J APB.

111

i.e.200 APB =180°
i.e DAPB=90°

Procedurefor (b)

Draw acircleof any radiuswith centre O on acoloured sheet of paper and cut it.
Pastethe cutout on arectangular sheet of paper. [Fig 8b(a)]

Foldthecirclein such away that achord AB isobtained. Draw AB. [Fig 8b(b)]
Takeapoint Pinthemajor segment.

Formacreasejoining AP. Draw AP. [Fig 8b(c)]

Formacreasejoining BP. Draw BP. [Fig 8b(d)]

Makeareplicaof U APB. [Fig8b(e)].

Placethereplicaof Ll APB onarightangled A DEF suchthat BPfalls
on DE. [Fig8b(f)]. What do you observe?

© Nook~wWDNE
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Observations
Studentswill observethat
1. [0 BPA doesnot cover [J DEF completely. [Fig 8b(f)]
2. [ BPAissmallerthatthe L DEF
3. [ODEFis90°.
4. Therefore, L1 BPA isacute.

5. U BPAisanangleinthemajor segment.

Procedurefor (c)

Draw acircleof any radiuswith centre O on acoloured sheet of paper and cut it.
Paste the cutout on arectangular sheet of paper. [Fig 8c(a)]

Foldthecirclein suchaway that achord AB isobtained. Draw AB. [Fig 8c(b)]
Takeapoint Pintheminor segment.

Formacreasejoining AP. Draw AP. [Fig 8c(c)]

Formacreasejoining BP. Draw BP. [Fig 8c(d)]

Makeareplicaof J APB. [Fig8c(e)]

Placetheright angled A DEF onthereplicaof [ APB suchthat DE fallson BP.
[Fig 8c(f)] What do you observe?

© Nogogh,rwdPE

Observations
Studentswill observethat
1. [ DEFdoesnotcover J BPA completely. [Fig 8c(f)]
2. 0O DEFissmallerthatthe [0 BPA.
3. [ DEFis90°.
4. Therefore, (1 BPA isobtuse.

5. [ BPAisanangleintheminor segment.

L ear ning outcome
Studentsdevelop familiarity with thefact that theangleinasemicircleisright angle, the
angleinamajor segment isacute angleand the anglein aminor segment isobtuseangle.

Remark

Theteacher may point out that for agiven chord AB, the obtuse anglein the minor segment
and the acute anglein the major segment are supplementary angles. The studentsmay be
askedto verify thisby taking appropriate cutouts of theangles.

Fig8a(a) Fig8a(b)
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Fig8h(f)
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Fig8c(a) Fig 8c(b)

Fig8c(c) Fig8c(d)

Fig8c(e) Fig8c(f)
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Activity 9 ?
Materialsrequired

coloured papers,
Objective pair of scissors,
To verify, using themethod of paper cutting, pasting and ruler,
foldingthat sketch pen,
1 the sum of either pair of oppositeanglesof acyclic car bqn paper or
quadrilateral is180°. tracing paper.

2. inacyclicquadrilateral theexterior angleisequal to
theinterior oppositeangle.

Pre-requisiteknowledge
1. Meaningof cyclicquadrilateral, interior oppositeangle
2. Linearparaxiom

Procedure

Draw acircleof any radiuson acoloured paper and cut it.

Paste the cutout on arectangular sheet of paper.[Fig 9(a)].

By paper folding get chordsAB, BC, CD and DA.

Draw AB, BC, CD and DA. Cyclicquadrilateral ABCD isobtained [Fig 9(b)].

Makeareplicaof cyclic quadrilateral ABCD using carbon paper / tracing paper.
Fig9(c

[Cutg thEe ()1]ua1ri lateral cutout into four parts such that each part containsoneangle

i.ee JA, 0B, O0Cand OD.[Fig9(d)]

7. Place 0 A and [0 C adjacent to each other. What do you observe? [Fig 9(e)]

8. ProduceABtoformaray AE. Exterior angle [ CBEisformed. [Fig 9(f)]

9. Placethereplicaof D on [0 CBE. [Fig 9(g)] What do you observe?

agrwdPE

o

Observations
Studentswill observethat
1. When A and [ Careplaced adjacent to each other they form alinear pair.
Thisshows A+ ] C=180°
2. [ Dcompletely covers [ CBE. Thisshowsthat exterior angleof acyclic
quadrilateral ABCD isequal totheinterior oppositeangle.

L ear ning outcome
Studentsdevelop geometrical intuition of theresult that
1. oppositeanglesof acyclic quadrilateral aresupplementary.
2. exteriorangletoacyclicquadrilatera isequal totheinterior oppositeangle.

Remarks
1. Theteacher may ask the studentsto performtheactivity for the other pair of angles
(i.e. U Band U D) andfor the other exterior anglesalso.
2. Theteacher should point out that thistheoremistrueonly for acyclic quadrilateral.
Students may be asked to perform asimilar activity for anon-cyclic quadrilateral.
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Fig9(a) Fig9(b) Fig9(c)

Fig9(d) Fig9(e)

Fga(f) Fig9(g)

29



Activity 10 ?
Materialsrequired

coloured papers,
pair of scissors,
ruler,
Objective sketch pens,
To verify using the method of paper cutting, pasting and compass,
folding thet thelengths of tangentsdrawn from an external pendil.

point areequal.

Pre-requisteknowledge
Meaning of tangenttoacircle.

Procedure

Draw acircleof any radiuson acoloured paper and cut it. Let O beitscentre.
Pastethe cutout on arectangular sheet of paper.[Fig 10(a)]

Takeany point Poutsidethecircle.

From Pfold the paper in such away that it just touchesthe circleto get atangent
PA (A isthepoint of contact). [Fig 10(b)]. Join PA.

Repeat step 4 to get another tangent PB to thecircle (B isthe point of contact).
[Fig10(c)]. Join PB.

6. Jointhecentreof thecircleOtoP, A andB.[Fig10(d & €)]

7. Foldthe paper along OP. [Fig 10(f)] What do you observe?

pODNPRE

o

Observations
Studentswill observethat

1. AOPA and AOPB completely cover each other.
2. Lengthof tangent PA = Length of tangent PB.

L ear ning outcome
Students|earn how to get tangentsfrom an external point to acircleusing paper folding and
verify thetheorem.

Remark
Theteacher may ask the studentsto perform the activity by taking point P (externa point)
at different locations.
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Fig 10(a) Fig 10(b)

Fig 10(c) Fig 10(d)

Fig 10(e) Fig10(f)
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Activity 11 ?
Materialsrequired

coloured paper,
Objective pair of scissors,
To verify the Alternate Segment Theorem by the method of ruler,
paper cutting, pasting and folding. sketch pen,
fevidik,
Alternate Segment Theorem carbon paper or
If a chord is drawn through the point of contact of a tracing paper.

tangent to a circle, then the angles which this chord
makes with the given tangent are equal respectively to
the angles formed in the corresponding alternate
segments.

Pre-requisteknowledge
Geometrical termsrelatedtoacircle.

Procedure

Draw acircleof any radiuson acoloured paper and cut it.

Pastethe cut out on arectangular sheet. [Fig 11(a)]

Fold the sheet of paper insuch away that it just touchesthecircle.[Fig 11(b)]

Unfold the paper and draw tangent PQ. Let A bethe point of contact asshownin

Fig11(c).

Fold the paper starting from A suchthat chord AB isobtained. Draw AB.

[Fig 11(d)].

6. Observetheanglesformed by the chord AB and thetangent PQ:

0 BAPand 0 BAQ.

7. Takeapoint C onthemajor arc.
Formacreasejoining AC. Draw AC.[Fig 11(e)]
Formacreasejoining BC. Draw BC. [Fig 11(f)]

8. Takeapoint D ontheminor arc.
Formacreasejoining AD. Draw AD.[Fig 11(g)]
Formacreasejoining BD. Draw BD. [Fig 11(h)]

9. Makeareplicaof [J ACB, usingacarbon/ tracing paper. [Fig 11(i)]
Placeiton O BAQ. [Fig11())]
What do you observe?

10. Makeareplicaof [0 BDA.[Fig11(K)]

Placeiton U BAPR [Fig 11(1)]
What do you observe?

rpODNPRE

o

Observations
1. Studentswill observethat thechord AB ismakingtwo angles 0 BAQand [ BAP
with thetangent PQ.
2. Theywill alsoobservethat replicaof [J ACB completely covers [ BAQand
replicaof [0 ADB completely covers [ BAP. They will then verify thetheorem.
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L ear ning outcome
Studentswill enhancetheir familiarity with the Alternate Segment Theorem throughan
activity.

Fig11(a) Fig11(b) Fig11(c)
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Activity 12 ?
Materialsrequired

coloured papers,
Objective apair of scissors,
Tomakearight circular cylinder of given height and L

circumferenceof base.

Pre-requisteknowledge
1. Drawingand cutting arectangleof givendimensions.
2. Formulafor thecircumferenceof acircle.

Procedure
1. Cutarectangular sheet of paper of length| = given circumference of base of
cylinder, breadth b=given height. [Fig 12(a)].
2.  Gently curvethe paper so that thetwo (shorter) sidescometogether.
3. Jointheedgestogether by cellotape.[Fig 12(b)].

Observations
1. Therectangletransformsintoacylinder.
2. Theheght of thecylinderishb.
3. Thecircumferenceof thebasecircleisl.

L ear ning outcomes
1. Studentslearnto makeacylinder of given height and base circumference.
2.  Studentsappreciate how folding of geometrica figurestransformstheir shape.

Remark
Theteacher may suggest to studentsthat b and | may beinterchanged to form adifferent
cylinder.
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Fig12(a)

Fig 12(b)
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Activity 13 ?

Materialsrequired

cylinder of known
Objective dimension mede of
1. Todeterminetheareaof agiven cylinder. chartpaper,
2. Toobtaintheformulafor thelateral surfaceareaof a ppair of scissors,
right circular cylinder intermsof theradius(r) of its gum,
baseand height (). ruler.

Pre-requisteknowledge

1. Arectanglecanberolledtoformacylinder.
2. Areaof arectangle.
3. Areaof acircle.
Procedure
1. Removethetopand bottom circlesof thecylinder. [Fig 13(b)]
2. Makeavertica cutinthecurved surfaceand lay thecylinder flat. [Fig 13(b)]
3. Measurethelength and breadth of therectangle so formed.
Observations
1. Thebaseandtop of thecylinder arecongruent circular regions.
2. Thecurved surfaceareaof thecylinder openstoform arectangular region.
3. Thebreadth of therectangleisthe height of the cylinder.
4. Thelength of therectangleisthe circumference of the base of thecylinder.
5. Curved surfaceareaof cylinder (c) = areaof rectangle
c=1xb
Snce | =2mr
b=h
c=|xb=2mrh
6. Total surfaceareaof cylinder = curved surfacearea(c) + 2 (areaof basecircle)

= 2rrh + 212
=2 (h+r)

L ear ning outcome
Students appreciate the derivation of theformulafor the curved surfaceareaof aright
circular cylinder.
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Fig13(a)

Fig 13(b)
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Activity 14 P
Materialsrequired

Thermacol,
plasticclay.

Objective

To giveasuggestive demongtration of theformulafor the
volumeof aright circular cylinder intermsof itsheight and
radiusof thebasecircle.

Pre-requisteknowledge
1. Formulafor volumeof acuboid
2. Formulafor circumferenceof acircle.

Procedure
1. Makeacylinder of any dimensionsusing plagticclay. Letitsheight behandradius
of basecircler.
2. Cutthecylinder into 8 sectorid sectionsasshowninthefigure. [Fig 14(a)].
3. Placethesegmentsaternately asshowninthefigure. [Fig 14(b)].

Observations
The studentsobservethat
1. Thesegmentsapproximately form asolid cuboid of height ‘h', breadth ‘r’ and
length‘1r’.
2. Thevolumeof thecuboidislbh=1r xr x h=T11%h

L ear ning outcome
Studentslearn that the volume of acylinder isTr?h wherer istheradius of thebaseand h
the height of thecylinder.

Remarks
1. Theteacher may help the student observethat the length of the cuboid ishalf the
circumference of the base of the cylinder.
2. Theteacher should point out that thisactivity doesnot give an exact proof of the
formulaand that the gpproximation improves by increasing the number of sectoria
sections.
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Activity 15 ?
Materialsrequired

chart paper,
Objective apair of scissors,
To makeaconeof givendant length| and base aum,
circumference. scele.

Pre-requisteknowledge
1. Circumferenceof acircle

2. Sector of acircle.

3. Pythagorastheorem.

Procedure
1. Drawacirclewithradiusequal tothedant heightl. [Fig 15(a)].
2. Mark asector OAB suchthat arclength A x B equalsthegiven base
circumferenceof thecone. [Fig 15(a)].
3. Cutthesector AOB and gently fold, bringing the 2 radii OA and OB together.
[Fig 15(b)]

Observations
1. Studentswill observethat whentheradii of the sector arejoined, aconeisformed.
2. Theradiusof thecirclebecomesthedant length of the cone.
3. Thearclength becomesthe circumference of the base of the cone.

L ear ning outcome
The students|earn how to make acone of given dant height and base circumferencefroma
sector of acircle.

Remark
Theteacher may ask student to determine the radius and the height of the coneformed,
using theformulafor the circumference of acircleand Pythagorastheorem.
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Activity 16 Materialsrequired
chart papers,
apair of scissors,
Objective gum.

To giveasuggestive demongtration of theformulafor the

lateral surfaceareaof acone.
Pre-requisiteknowledge

1. Thelatera surfaceof aconecan beformed from asector of acircle.
2. Formulafor areaof aparalelogram.

Procedure
1. Cutvertically andunroll thecone. Identify theregion. Theregionisasector of
circle.[Fig16(a& b)]
2. ldentify thearclength of the sector asthe base circumference of the coneand the
radius of the sector asthe dant height of the cone.
3. Foldand cut the sector into 4 (even number of) equal smaller sectors. [Fig 16(b)]
4. Arrangethesmaller sectorstoform approximately aparallelogram. [Fig 16(c)]

Observations
1. Studentsobservethat the base of theparallelogramisroughly half the

1
circumference of the base of thecone. i.e. 5 X 210 =TT .

2. Theheght of the pardllelogramisroughly the dant height of thecone‘I’.
3. Therefore, curved surface area= areaof the paralelogram =1l .

L ear ning outcome
1. Studentslearnthat the surfaceareaof aconeistr| wherer istheradiusof the
coneand| isthedant height.
2. Studentsappreciate how folding turnsaplane surface (sector of acircle) intoa
curved surface (of the cone), and viceversa.

Remark

1. Theteacher may help students observethat the base of theparalelogramis
half the base circumference of thecone.

2. Theteacher should point out that thisactivity doesnot give an exact proof of the
formula, and the gpproximation improves by increasing the number of divisionsof
the sector.

3. Theteacher may point out that thetotal surface areaof the cone may be obtained
by adding curved surface areato the area of the base.

i.e. total area=T1rl + TU°2
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Fig 16(b)
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Fig 16(c)
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Activity 17 ?
Materialsrequired

3 setsof aconeand

Objective cylinder. Ineach s,

To giveasuggestive demongtration of theformulafor the theconeandcyli pder

volumeof aright circular cone. havethe sameheight
and baseradius.

Pre-requisteknowledge
1. Concept of volumeanditsproportionality to quantity

of matter.
2. Formulafor thevolumeof acylinder.
Procedure

Takeone set of the coneand cylinder.

Fill theconewith sand.

Pour the sand from the coneto the cylinder.

Fill the cone again with sand and repesat step 3tofill the cylinder completely with
sand.

5. Repeat theactivity with other setsof cones.

PODNPRE

Observation
The student observesthat for each st, it needsthree pouringsfrom the conetofill the
cylinder completely.

L ear ning outcomes
1. Thevolumeof aconeisone-third thevolume of the cylinder of the sameheight (h)

1
andradiusof base(r), i.e. equal to= 3 Tr%h

2. Becauseof thesmplicity of the concreteactivity and theratio (3) involved, students
arelikely toremember theresult of theactivity easily.

Remark
1. Theteacher should seethat the studentsfill the conewith sand properly.
2. Theteacher should notethat the activity makes use of the proportionality between
volume and quantity of matter.
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Fig 17(b)
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Activity 18 ?

Materialsrequired

Hollow spherecut into

Objective two hemispheres, a
To giveasuggestive demonstration of theformulafor the Cylinder with both
surfaceareaof asphereintermsof itsradius. base diameter and
height equal tothe

Pre-requisiteknowledge diameter of the sphere
Curved surfaceareaof cylinder = 2rrh
Procedure

1. Takearoll of ajutethread and wind it closely on the surface of the hemisphere

completely. [Fig 18(a)].

2. Takeanother roll of jutethread and wind it completely along the curved surface of
thecylinder. [Fig 18(b)].

3. Comparethelength of thetwo threads.

Observations

1. Studentsobservethat thelength of thethread used to cover the curved surface of
thecylinder istwicethelength needed to cover the hemisphere.

2. Sincethethicknessof thethread isuniform and the samefor both the threads,
surfaceareasare proportional to thelengthsof the threads approximately.

3. Hencesurfaceareaof the hemisphere=haf the surface areaof the cylinder

=L omh

Therefore, surfaceareaof asphere= 42

L ear ning outcome
The student arrivesat theformulafor the surface areaof aspherethrough asmpleactivity,
whichrelatesittotheareaof acylinder.

Remark

Theteacher should point out that thisactivity isnot an exact proof of theformula, butis
only asimplebut approximate approach to appreciate theformula. The approximation
improveswith athinner thread and tight and uniformwinding.
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Activity: 19 ?

Objective two cylinderswhose
Togiveasuggestivedemonstration of theformulafor the ba_se diameter and
volumeof asphereintermsof itsradius. height areequal to
thediameter of the
Pre-requisiteknowledge sphere, sand.

Volumeof acylinder.

Materialsrequired
A hollow sphereand

Procedure
1. Fill thehollow spherewith sand once and empty it into oneof thecylinders.
2. Fill thehollow sphereasecond timewith sand and empty it into the second
cylinder.
3. Fill thehollow sphereathird timeand empty it into theremaining spaces of thetwo

cylinders

Observations

1.

2.

Students observethat thetotal sand emptied in three pouringsfill both the cylinders
completely.
They, therefore, concludethat
3timesthevolumeof sphere = 2timesthevolumeof cylinder = 2rr?h
=4 (@h=2r)

4
[0 Volume of sphere= 3 s

L ear ning outcome
Thestudentsarrive at theformulafor thevolume of aspherethrough asmpleactivity,
whichrdatesit tothevolumeof acylinder.

Remarks

1.

Theteacher should point out that thisactivity isnot an exact proof of theformula,
but isonly asimple but approximate approach to appreciatetheformula. The
approximationimproveswith theuse of suitablematerials (in place of sand) that do
not leaveair gaps.

Theteacher can advisethe studentsto try the activity with other suitable materials.

Theteacher should notethat the activity makesuse of the proportionality between
thevolumeand quantity of matter.
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Activity 20 ?

Materialsrequired

card board of size 15
Objective cmx 15cm, glazed
Toget familiar with theideaof probability of an event through paper (2 colours),
adoublecolour card experiment. pair of scissors,

fevidtick, sketch pens
Pre-requisiteknowledge and an empty box.

Theformulaof probability of anevent Eis: P(E) = No. of

favorable outcomesto E/ Total no. of outcomes.

Procedure
A. Preparation of material for performing theactivity.

1.

2.
3.

4.

Takeacard board and paste glazed papers of different colourson both sides.
(Say redandyellow.) [Fig 20()]

Cut the cardboard into 36 small squared cards.

Writeall the 36 possible outcomes obtained by throwing two dice. [Fig 20(b)].
e.g. for theoutcome (2, 1), write 2 ontheyellow sideand 1 onthered side of the
sguared card.

Put all the cardsinto abox.

B. For finding therequired probability of an event do thefollowing

1. Takeout each card one by onewithout replacement andfill the observationtable
by putting (V) on favorable outcomesand (x) otherwise.
2. Count thetotal number of total possible outcomesfrom column 2. Writetotal
possible outcomes.
3. Count the (V) marksfromthecolumns3, 4, 5and 6.
Possible Odd on
Sr. No. outcomes Sum > 9 Sum <5 Sum =7 yellow &
even on red.
yellow | red
card | card
1. 1 3 X \/ X X
2.
36. | | | |
Observations

Total number of possible outcomes=
Total number of favorable outcomes (Sum =9) =
Total number of favorable outcomes (Sum<5) =
Total number of favorable outcomes (Sum=7) =

Total number of favorable outcomes (even number on oneside of the card and odd on

other) =

Using theformulacal culatetherequired probability of each event.
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Remark

In thisexperiment, the student does not put back the card after taking it out. Consequently,
the number of favourable outcomesfor any eventiscertain. To arriveat thetrue notion of
probability, the card should be put back and the experiment repeated avery large number
of times. This, however, may beimpractical intheactua classroomsituation.

Fig20(a)

(LD [ (L,2)[(L,3)[(1,4)[(1,5)((1,6)

2,1)112,2)|(2,3)|(2,4)|(2,5(2,6)

3,1)(3,2)[(3,3)](3,4)|(3,5)|(3,06)

4,1)14,2)(4,3)|(4,4)(4,5|4,6)

(5,1) | (5,2)[(5,3)[(5,4)[(5,5)(5,6)

(6,1) | (6,2)[(6,3)](6,4)](6,5)|(6,6)

Fig 20(b)
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Activity 21 ?
Materialsrequired

Stiff card, small pipe

Objective or drinking straw,
Tomakeaclinometer and useit to measurethe height of an thread, aweight (a
object. metal washer isidedl)

Pre-requisteknowledge
1. Propertiesof right angledtriangles.

Procedure:
1. Prepareasemi-circular protractor using any hard board and fix aviewing tube
(straw or pipe) along the diameter.
Punch ahole(0) at the centre of thesemicircle.
Suspend aweight {w} fromasmall nail fixed to the centre.
Ensurethat theweight at the end of the string hangs bel ow the protractor.
Mark degrees (in sexagecimal scalewith O°at thelowest and 1°to 90° proceeding
both clockwise and anticlockwise). [Fig21].

agrwd

Determining the height of an object
6. Firstmeasurethedistanceof the object fromyou. Let thedistance bed.
7. Look throughthe straw or pipeat thetop of the object. Make sureyou can clearly
seethetop of the object.
8. Holdtheclinometer steady and let your partner record the angle the string makes
onthescaleof theclinometer. Let thisanglebe®.

Using trigonometricratio:

h
tan 6 = height/ distance =

d
h=dx tan®
If, for example, d=100m and 0 = 45°
h =100 x tan 45°= 100 m

L ear ning outcome
Studentslearn how to determinethe angle of €l evation of an object and useit to determine
the height of an object at aknown distance.

Remark

Students may be asked to change the distance of the object (by either moving the object or
by changing their position) and note how the angle of elevation varies. They will noticethat
though d and 6 will vary, the product h =d tanB will be constant (within measurement
error).
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Project 1

Objective
Toinvestigatethe efficiency of packing of objectsof different shapesin acuboid box.
Efficiency isthe percentage of box space occupied by the objects.

Description
1. Takeacertain number of cylindrical tinsand pack theminacuboid container. For
illustration let ustake 81 tins.
2. Thecylindrical tinscan be placedintwo different waysasshownin Fig P1(a) and
Fig P1(b).
3. Wewishto study which packing ismoreefficient.

Calculation
Sgquare packing
Each base circleiscircumscribed by asguare.
Areaof onecircle=TtR?
Areaof square=4 R?
Areaof circle/ areaof square= R 2/ 4 R?

Thisratiowill be evidently the sameasthe crosssection of all thetinsto thetotal base area.
Percentageefficiency = 11/ 4 % 100
=785%

Hexagonal packing
Herewe determinethe sidesof the base of the container in termsof theradius of the
cylindrical tin. Oneside of therectangular basei.e. BC=18 x R.

Todeterminetheother side, AB =2 x R+ 9 x h, wherehisthealtitude of the equilateral
triangleformed by joining the centres of three adjacent circles.
h=2Rsin60°
AB=2R+ 18Rsin60°
sin60°=v3/2
So, AB=2R+ 18R xV3/2
=2+9/3)R

Areaof ABCD = 18R x (2 + 9V3) R
= 18R? (2 + 9V3)

Percentageefficency = 81mR? x100/ 18R? (2 + 9V3)
=80.3%
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Remarks

1.

2.

Inthe cal cul ation herethe number of tinsisfixed and the cuboid dimenssionis
variable. A smilar exercisemay bedonewith fixed cuboid dimenssion and
variablenumber of tins.
We can also determinetheefficiency for packing of spheresinacuboid.
Volume of sphere=4/3 R®
Volumeof cube=8R3
Percentage efficiency =4TTR®/3x8R3*=T11/6

=52%

FigP1(b)
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Project 2

Description

Inthisproject wetry tofind Situationsin daily lifewhere geometrical notionscan be
effectively used. In particular, inthefollowing examplesthe student discoversSituationsin
which propertiesof similar triangleslearnt in the classroom are useful.

1. Howtal amirror should you buy if youwant to be ableto seeyour full vertical
image?Weare given thefact that the angle of incidence equal sthe angle of
reflection. Studentswill find that the mirror should beat least half his/her height.

2. Tofindthewidth of apathway:

Fix apoleat Q directly oppositeto atree P on the other side of pathway.

T

Q RAS

FigP2(a)
Walk along the pathway, fix another poleat R at aknown distance. Walk another known
distanceto S. From here, walk at right anglesto the pathway till the point T isreached,
suchthat T isdirectly inlinewith R and P. M easurethe distance ST. Using the property of
smilarity of triangles, thewidth of the pathway isdetermined.

3. Tofindtheheight of atree:
Placearuler upright inthe shadow of thetree, so that the end of itsshadow isat the same
place asthe end of the shadow of thetree. Knowing the rel evant distances, the height of
thetree can be estimated.

Aspart of thisproject studentsshould think of examplesinvolving different geometrical
propertiesof trianglesand circles.
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Fig P2(b)
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Project 3

Objective

To appreciatethat finding probability through experiment isdifferent from finding proability
by cal culation. Students become sesitivetowardsthefact that if they increasethe number of
observaions, probabilty found through experiment approachesthe cal cul ated probability.

Description
1. Theteacher may ask the studentsto either work individualy or at mostin groups
of two.

2. They will collect thefollowing databy visiting any (say)10 classroomsin the school.

Class / No.of

section | students No. of children having birthdays in the month of

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
SA 43 6 5 8 3 2 1 3 6 3 5 2 4
6A
TA
8A
9A
10A
Total

3. They will obtain thefraction of number of children having their birthday inthe month
of January, February, ... December from thedatagiveninthetable.

4. They will makeapie-diagram from therecorded data.

5. Theywill investigateif thefraction actualy obtainedin step 3talieswith the
ca culated probability obtained for each month.
eg.
If total number of children whosebirthday fallsin the month of January is38
and thetotal number of studentsis 500,
theactual fraction of children bornin January = 38/500
Probability for achild to havebirthday in January = 31/365

6. Thestudentsmay increasetheir samplesize, i.e. increasethe number of
observationsand study if theactual fraction approachesthe cal cul ated probability.
They should usearandom samplefor thispurpose.
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Project 4

Objective
To study the distance between different pointsof ageometrical figurewhenitisdisplaced
and/ or rotated. Enhancefamiliarity with co-ordinate geometry.

Description
1. A cut-out of ageometrical figure such asatriangleismadeand placedona
rectangular sheet of paper marked with x and y-axes.
2. Theco-ordinatesof theverticesof thetriangleand itscentroid are noted.
3. Thetriangular cut-out isdisplaced (along x-axis, dong y-axisor

along any other direction).

Thenew co-ordinatesof the verticesand the centroid are noted again.

The procedureisrepested, thistime by rotating thetriangleaswell asdisplacingit.

The new co-ordinates of verticesand centroid are noted again.

6. Usingthedistanceformula, distances between theverticesof thetriangleare
obtained for thetrianglein origina position and in variousdisplaced and rotated
positions.

7. Usingthenew co-ordinates of the verticesand the centroids, studentswill obtain
theratioinwhich the centroid dividesthe mediansfor variousdisplaced and rotated
positionsof thetriangle.

oA

Result

Studentswill verify that under any displacement and rotation of atrianglethe distances
between verticesremain unchanged; also the centroid dividesthe mediansintheratio2:1in
all cases.

Conclusion

Inthisproject the tudentsverify (by the method of co-ordinate geometry) what isobvious
geometricaly, namely that thelength of sidesof atriangleand the (relative) location of the
centroid do not change when thetriangleisdisplaced and/ or rotated. The project will
develop their familiarity with co-ordinates, distance formulaand section formulaof co-
ordinate geometry.
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Project 5

Objective
Andysisof alanguagetext, using graphical and pie chart techniques.

Description
1. Theteacher may ask the studentsto work individually or in groupsof two.
2. Studentswill select any paragraph contai ning approximately 250 wordsfrom
any source. e.g. newspaper, magazine, textbook, etc.
3. They will read every word and obtain afrequency tablefor each letter of the
alphabet asfollows

Letter Tally marks | Frequency
A
B
C

4

4. They will notedown the number of two-letter words, three-letter words, .... soon
and obtain afrequency tableasfollows

Number of words with Tally marks Frequency
2 letters
3 letters

5. Sdect 10 different wordsfrom thetext which havefrequency greater than 1. Give
ranks1, 2,3, ....,10in decreasing order of their frequency. Obtain atableas
follows

Selected word Frequency Rank
eg on
it
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6. Investigatethefollowing

Fromtable 1
a) Whatisthemost frequently occurring letter?
b) What istheleast frequently occurring letter?
¢) Comparethefregquency of vowels
d) Whichvowe ismost commonly used?
€) Whichvowe hastheleast frequency?
f) Makeapiechart of thevowelsa, g, i, 0, u, and remaining letters. (Thepie
chart will thushave 6 sectors.)
g Comparethe percentage of vowel swiththat of consonantsinthegiventext.

Fromtable 2
a Comparethefrequency of two letter words, threeletter words, ..... and soon.
b) Makeapiechart. Noteany interesting patterns.

Fromtable 3
a Therelation between thefrequency of awordtoitsrank.
b) Plot agraph between thefrequency and reciprocal of word rank. What do you
observe? Do you seeany interesting pattern?
¢) Repesat the experiment by choosing text from any other language that you know
and seeif any common pattern emerges.
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Theinterplay of mathematicsand art can bevery appealing. Hereisan attempt to present
aversatileform of thefourth order magic squarethrough adance.

Step 1
1. A groupof 16 dancerspresent themselvesonthe stagein 2 rowsof 8 each.
2. Thefirst row facestheaudience and carry flash cardsto show fixed numbers1to 8
righttoleft.
3. Thesecond row of dancerssquat at therear, facing back stage. Each onehas?2
setsof flash cards, each set showing numbers0to 9to get atwo digit number.

Step 2
1.  Anyevennumber from 34to98iscalled out. Thisisconsidered asthemagic
sguare number for building the magic square through dance. Suppose the number
takenis62.

Step 3

Music begins. Dancebeginsfor thefirst row. Thedancersinfirst row carry FIXED
NUMBERS. Whilethey do so, dancersintherear are busy ca culating and fixing the
numbersthey haveto holdintheir hands. Oncethe numbersare caculated they jointhe
dance, keeping their palmsinfolded positions. Their calculationsare as shown below.
They take 30 secondsto calculatetheir numbersontheir palms.

REAR 62 62 62 62 62 62 62 62
ROW 1 > 2 > 3 > 4 : 5 > 6 > 7 > 8
(8 dancers) | =30 =29 =28 =77 =26 =25 =24 =23
FRONT
ROW 8 7 6 5 4 3 2 1
(8 dancers)

Note: Usearubber band to hold the card on the palm. The cards are chosen by the
dancersafter calculation. They facethe audience now holding their respectiveflash cards
withtheir numbersashbelow.

Step 4
1. Itisafourth order magic square, sothereare 16 positions.
2. Dancersholding numbers 1 to 8 havefixed positionsin thisformation asshownin
thetable.
3. Dancersholding numbers23to 30 a so havetheir positions predetermined - as
showninthetable.
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Column 1 Column 2 Column 3 Column 4
Row 4 Q—8=23 @—1=30 2 7
2 2
Row 3 6 3 2-4227 Q-5=26
2 2
Row 2 Q—2=29 Q—7=24 8 1
2 2
Row 1 4 5 6—22-6225 6—22-3=28

Thisformation isseen to present the required magic squarefor the magic sum 62.

Now

1. A display of row-by-row presentation is made by the dancers.

2. Adisplay of column-by-column presentationismade.

3. Adisplay of diagona presentationismade.
Theaudiences check thetotal and appreciate the dancers.
Finaly, the 16 dancersleavethe stage gracefully.

Rationale

Mathematically, it iseasily seenthat thispattern of fixing the positionsgetsaversatile magic
sguare. Themagic sum hasbeentakento beeven. Let it be2n. Seethetablebelow. It
can be seen that the rows, columns and diagonal s each add upto 2n.

Thiscan be performed for any other even number from 34 to 98.
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Goup activity 2

Live Lattice
Livelatticeisalatticeformed by studentsplaced in square or rectangular formation.

Objective
Using the row number and column number (of the students standing in arectangular array)
establish thefollowing a gebrai c conceptsthrough demongtration:

1. meaning of ordered pair: (X, y) isnot equal to (y, X) unlessx=y.

2. eguationsof sraight lines, paralld linesand intersecting lines.

3. gmultaneousequations.

4. inequations.

Procedures
1. Askstudentsto standinasuitablerectangular array.
2. Eachstudent representsan ordered pair. For exampleastudent standing in 2
row and 3 column standsfor (3, 2) ie(c,r). ‘¢’ standsfor column number and ‘r’
for row number. [Fig G2(a)]

(1,.4) 2,4 G4 449

(1L3) @3 (.3 43

1,2) 2,2) 3,2) 4,2

(1,.1) @D G D 41D

FigG2(a)
3. Studentswill writetheir column number ontheir left palm and row number ontheir
right plam. (Tiecardson their palmsusing rubber bands.)
4. Givecommandsto the studentsto understand the mentioned algebraic concepts.

[ (2:3) [ ) [ [} [ ) [ ) [ ] [} [ )
[ ] [ ] (3:2) [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Fig G2 (b)
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Commands
Ask studentsto check thefollowing places.
1 (2,3& (3,2
2. 5,2&(2,5)
3 (1,2&(21)
What do they observe? Record thefindings.

. . . . . . . . . . . .(12, 12;
. . . . . . . . . . .(11,11). .
. . . . . . . . . .(10’ 10). . .
. . . . . . . . "0.0)° . . .
. . . . . . . .(8, . . . . . .
. . . . . . .(7’ . . . . . . .
. . . . . .(6, 6 . . . . . . .
. . . . .(5, ) . . . . . . . .
. . . 24’4) . . . . . . . . .
. . .(3, 5 . . . . . . . . . .
. Zz,z) . . . . . . . . . . .
21’ y . . . . . . . . . . . .
FigG2(c)
Command

Ask students whose column number and row number are same, ie. c=r , to stand
upontheir places.
What do they observe? Record thefindings.
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Fig G2(d)
Command

Ask studentswhose column number and row number is1 morethan their row number,

i.e.c= r+l,tostand up ontheir places.
i.e. studentsof ordered pair (r+1, r)]

What do they observe? Record thefindings.

Other conceptscan behandled similarly.
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Suggested Proj ect 1

Mathemeatical designsand patternsusing arithmetic progression.

Brief description

Inthisproject the studentsmay work individually or ingroupsof two. They will explore
mathematical designsand patternsusing the notion of arithmetic progression. They will
explorethe areaswhere such designing techniques can be applied.

Example

1. Teketermsinanarithmetic progressonsay a,, a,, a,.

2. Firstof dl, the starting base shape of the design will be prepared from apaper.

For that add the given numbersi.e.s=a, +a, +a,. Cutasquare (of sidescm)
and pasteit on ashest.

3. Cutrectangular stripsof different coloursof sizea x s, a,x s, a,xs. (Notethata,,
a,, a, areinarithmetic progression.)

4. Pastetherectangular stripsadjacent to each other on oneside of the square.

5. Cutsmilar rectangular stripsfor theremaining 3sides.

6. Jointhegapby straight lines. Right angled trianglesareformed. Thisishow one
such design can be easily made wheretherectangular strip’swidthischanginginan
arithmetic progresson andthelengthisthesame.

7. Youmay take any other regular polygon asthe starting shape and build newer
desgns.

8. Youmay takeacircleasthe starting shape, take equidistant pointson its

circumferencesay 1, 2, ..., 36, and repeat similar procedure.
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Suggest ed Proj ect 2
Early History of Mathematics

Description

Thisproject ismeant to devel op the student’ sawareness of the history of mathematics.
The student should give an outline of the mag or milestonesin mathematicsfrom Euclidto
say Euler.

Suggest ed Proj ect 3
Analysisof test resultsand interpretation.

Description

After thehalf yearly or annua examination, the marksof the students may betabulated as
follows

(Takethesizeof classinterval =5 preferably)

Range of Marks Tally Marks Frequency

Now, present the datain theform of ahistogram and apie chart. Thistabulation canbe
donefor marksinindividua subjectsaswell asfor aggregate marks.

Interpret the datain different ways (e.g. how many children need specia guidanceinsay
mathematics, etc.)
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