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Ko - aIrgryeh 88835 6 %008 10 SSKden (68 3;0»)

Ja3S ©dSRvotw $Tg - NAS - 105 8558 (SSC) - dgeo B8 - dbvren

3o
S.No. | Name of the Dist. 0-35% 36-50% 51-75% 76-100%

1. Mahaboobnagar 69.17 18.57 10.73 1.53
2. J.Gadwal 72.54 17.61 9.66 0.19
3. Wanaparthy 76.48 17.38 5.52 0.62
4, Nagar Kurnool 73.91 18.80 6.57 0.73
5. Ranga Reddy 58.22 23.06 14.37 4.35
6. Medchal 54.06 25.46 15.31 5.17
7. Vikarabad 83.87 12.33 3.42 0.38
8. Hyderabad 59.32 22.81 14.45 3.42
9. Medak 76.86 17.67 5.30 0.18
10. Sanga Reddy 57.19 23.22 15.25 4.33
11. Siddipet 54.98 25.83 16.61 2.58
12. Kama Reddy 67.90 22.14 9.23 0.74
13. Nizamabad 63.10 24.42 11.41 1.07
14. Adilabad 68.33 20.74 9.07 1.85
15. Nirmal 75.00 17.04 7.04 0.93
16. K.b. Asifabad 78.84 15.36 5.43 0.37
17. Manchiryal 60.98 23.14 12.94 2.94
18. Karimnagar 50.42 25.42 17.29 6.88
19. Peddapalli 61.54 23.49 12.47 2.49
20. Jagityala 77.53 14.37 7.09 1.01
21. R.Siricilla 62.45 21.52 13.50 2.53
22. Warangal (R) 70.35 17.75 10.82 1.08
23. Warangal (U) 46.47 28.63 15.69 9.22
24. P.J.Bhupalapally 68.50 22.75 7.50 1.25
25. Jangaon 64.84 23.58 10.37 1.22
26. Mahaboobabad 70.22 19.33 8.28 2.17
27. Khammam 68.61 19.36 7.89 4.14
28. Bhadradri 74.76 17.33 6.97 0.94
29. Nalgonda 68.60 18.41 10.85 2.13
30. Suryapet 64.89 20.12 12.03 2.96
31 Yadadri 73.31 18.80 6.77 1.13

State 66.91 20.51 10.31 2.27




g HoTren - SEETrass Gegten

Boifo (w0do) b boen FGoDS (B8 (Homr B8 %) - 105 S8K8

Hd8o
S.No.| Name of the DesiicdSo éggqé :é_@&:@ &‘ggo’bé 5°oa)°§§ L_Eé%seagba éospg éoa;"ésé
District Fgo 25525}2
Maths | Algebra | Co-ordin- [ Mensur- | Geome- | Statistics| Trigno- | Number | Probab-
ating ation try metry System ility
Geometry

1. Mahaboobnagar | 33.42 34.81 30.49 31.82 32.18 33.37 35.07 3521 36.94

2. J.Gadwal 3235 34.30 27.08 31.23 32.58 30.50 33.33 29.73 3295

3. Wanaparthy 30.76 32.33 24.68 28.83 32.03 28.29 30.29 29.86 3275

4. Nagar Kurnool | 30.98 3143 27.62 29.38 31.08 31.47 34.69 27.68 30.29

5. Ranga Reddy 37.73 39.87 32.07 35.02 37.29 3544 41.71 36.14 42.19

6. Medchal 39.19 41.62 33.89 37.58 38.58 36.94 42.23 36.69 42.34
7. Vikarabad 28.56 30.27 22.58 27.52 28.56 27.58 28.79 27.77 30.14
8. Hyderabad 37.24 39.20 34.73 35.16 35.31 36.38 4223 3647 4141
9. Medak 30.55 31.93 24.68 30.59 29.69 30.86 31.03 32.01 31.57

10. Sanga Reddy 37.82 38.46 32.81 35.65 36.21 38.20 43.42 42.26 41.65

11. Siddipet 38.18 39.79 3333 35.01 36.88 39.10 42.87 39.30 39.88

12. Kama Reddy 32.69 33.85 28.47 3123 31.63 32.14 3543 34.07 36.90

13. Nizamabad 34.30 3445 29.89 32.85 34.07 33.89 38.08 33.69 38.09
14. Adilabad 33.23 34.74 27.22 31.87 3244 3231 35.82 35.00 36.54
15. Nirmal 31.20 3292 26.67 30.82 31.22 29.38 31.06 31.79 31.30

16. K.b. Asifabad 29.51 30.11 25.53 28.77 29.36 28.74 30.29 30.62 3227

17. Manchiryal 36.39 37.80 29.74 34.05 35.62 34.84 41.46 35.59 41.83

18. Karimnagar 40.74 42.45 35.63 37.03 40.60 38.99 44.83 40.63 44.58

19. Peddapalli 35.98 37.61 30.49 32.8 3597 34.24 39.29 38.63 36.69
20. Jagityala 30.93 31.94 27.13 30.31 31.58 29.60 30.52 29.72 3327
21. R.Siricilla 35.55 35.81 3122 32.38 35.86 34.50 40.15 35.97 38.36

22. Warangal (R) 32.90 34.97 26.19 31.83 3393 29.49 3341 29.40 35.10

23. Warangal (U) 42.49 45.20 37.65 39.44 41.00 40.34 48.16 44.28 43.63

24. | PJ.Bhupalapally | 33.18 34.78 25.00 3213 34.08 3243 32.94 32.58 34.08

25. Jangaon 34.17 34.44 30.49 32.04 34.70 33.84 36.61 35.16 33.50

26. | Mahaboobabad | 32.95 33.85 28.40 30.72 33.40 31.85 35.06 31.95 34.98

27. Khammam 34.49 36.66 29.57 33.62 34.55 32.24 35.29 3048 3741
28. Bhadradri 3225 33.78 26.62 32.60 31.82 31.56 33.47 29.57 32.77
29. Nalgonda 34.20 35.57 27.78 3335 3397 3295 36.09 34.11 36.72
30. Suryapet 35.36 36.93 28.73 34.13 35.33 33.76 38.05 33.66 3797
31 Yadadri 31.88 33.15 27.51 30.65 3245 30.88 32.37 28.48 34.59

State 34.22 35.63 29.18 32.60 33.95 33.12 36.59 33.83 36.55




Ko - aIrgryeh 88835 6 %008 10 SSKden (68 3;0»)

105 $518 fdgo - doifo, (does, ‘o’.v%sa, SUERRAS 8w Do (PHS

(8. Ho. R D e OZe (oes D& (0808 | (Be0E-do0RE PIex
% % % % % % %
JOMrEDE| HOrIBID [KOrIVID| Ko | $OmrSDLD | JOmrIRLY | BomrIBID
1. | Mahaboobnagar | 32.84 33.99 31.62 37.28 31.77 2542 38.74
2. J.Gadwal 33.83 31.11 32.19 3297 29.84 2729 38.46
3, Wanaparthy 31.11 30.52 30.76 30.78 2891 - 36.65
4. | Nagar Kurnool 31.51 30.58 30.76 31.46 29.32 - 3541
5. Ranga Reddy 37.68 37.78 33.38 40.90 29.66 - 41,01
6. Medchal 38.40 3991 34.64 40.41 2991 - 41.11
7. Vikarabad 29.82 2751 27.87 30.89 27.10 3241 34.54
8. Hyderabad 39.04 35.82 48.17 37.03 40.70 29.83 3733
9, Medak 31.25 29.94 30.65 29.37 29.54 2595 38.46
10. | SangaReddy 37.75 37.88 38.03 3730 36.23 - 40.75
11. Siddipet 36.76 39.34 37.33 40.36 37.15 - 4224
12. | Kama Reddy 33.63 31.95 32.49 34.00 31.81 - 36.11
13. Nizamabad 3397 34.63 33.85 3534 32,57 35.68 35.99
14. Adilabad 33.11 3331 33.68 32.10 3291 27.14 34.57
15. Nirmal 31.10 3129 31.13 31.34 30.32 - 32.85
16. | K.b. Asifabad 31.30 28.12 28.60 3378 28.36 36.02 34.82
17. Manchiryal 36.14 36.58 37.39 34.64 3575 37.78 37.29
18. Karimnagar 41.05 40.44 3873 4347 35.74 3027 4545
19. Peddapalli 36.83 3537 34.92 37.39 3250 24.44 39.86
20. Jagityala 3047 3127 29.97 32.83 29.18 - 33.89
21. R Siricilla 35.14 35.86 35.05 36.75 34.39 - 38.76
22. | Warangal (R) 34.50 31.69 32.49 3735 29.93 - 38.84
23. | Warangal (U) 43.03 41.98 39.06 43.44 36.70 3733 45.87
24. | PJ.Bhupalapally |  31.66 34.48 3334 31.67 31.02 - 40.51
25. Jangaon 33.06 35.17 3335 38.98 32.62 26.00 39.00
26. | Mahaboobabad 3336 32.65 31.87 3871 31.32 - 39.73
27. Khammam 3532 3378 29.97 41.69 2953 32.67 4275
28. Bhadradri 3291 3157 3242 31.62 3043 28.55 37.81
29. Nalgonda 34.45 33.92 31.95 38.40 31.19 34.47 39.19
30. Suryapet 35.99 34.74 3370 38.98 31.61 30.83 41.54
31 Yadadri 31.93 31.83 3123 34.61 29.46 - 37.11
State 34.48 34.03 33.57 | 35.99 31.85 30.71 38.60
sheskeskekek
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OHE DD TPEW FPOBROVD TR, groito woe 0 HOTreH FHOTHeIHE .
&8 - Egso (Brain Storming)
- 38y (Discussion)
- Hogen (g / 358058 [ o8 $815&) (Group activities/ individual / whole class)
- $B8wden (Observation)
- (D&ereen (Experiments)
- 93 VosS (Inductive reasoning)

- ARSI Do&S (Deductive reasoning)

8)55,0“159 (Analysis) 3w S @3555&» 300NBLIY).

300 HOTRD HYen FHOWHLE WHen HELHORS Fegten / sEEdrey HO0D T
STPSPEEe0 é@%@ago I (3080 &818 16 000 (Exemplar)o 588909 é@aago.)

2 Y @35?3@6 gt 080D zﬁ@b)w(;o.

$&%%gS0 (Brain Sorming) :-
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EHAPAO.
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:‘.5653 (Discussion) :-
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SdodTned I B858S° Sy0sKo.
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Dgen dgahorr S8K8 K6t %@;éﬁ@ﬂé & 9SS Sen (BTG, Bos® é@@*ge;é‘s 88

08" &6::6650 $g GEToT ©3Rohed wdsedo o
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%6803 (Observation) :-

DY $5880% @"Eé)ggo aé)&érw &0e00d. HB3wle 0P HedS gPRden @RS S

oo

OIPE0 GOR.
- $BdTeest dYe H88oden :8H%0 ) %"Koxéé VERHES ro) 2Pl PSS
DK Qoggyo.
- S558 rKest 3’3’565@@;3626 BBcHed® Sepep ad@ds [Bdre $88905%0 apNel

PHHOB WSPRS BsSSKo.

- doen W %mée%ééeae» Bdoers Q) (Bdren, SPen, e, & Cﬁm&e;o,

oo

8 o 588003580 Fased.

[¢]

- g E@Hyes® 30 0BEDS® 6 Sy FFTe Bird) H0800D D dyghore

o o

RSV ARN Y éo?’otﬁg@t@@v&.

(BdSRoereen (Experiments) :-
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ToEHeE (PRrren BOHHOD GOLNoB.

s (DehHeodtd wostEhre dwdo, ariREirre Fwdo BeokoS D 606566)063’5
A Tegasre emhBah ddren Sohios®
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8103 VodS (Inductivereasoning) : -

KBS 0gdde® SwagRth ad. ©EE wodo Hod FEYBESH T8 1O wrHS Do,

- BSred H88005%o.

- L_é:érocﬁe@ a&:&éé& Scﬁ:?ﬁw@& (éé&é&)é‘s SOTRINIEVEI AT 360)6363582660 o) rHozso.

- & AoDKrH000D [Edrd) ESIRRoSHKNE0.
- Soroe FEBEsn Sabironso.

- S B88e Fohiseisgo.

& Frgseo wgen Fro SBHBSE® DR SBKr HHe, EIred H08DodEIR

Sésboééiﬁaz} Soe &Qé‘s (DY, @%%@e?i) 506(535‘90:‘.526&3}
eo:l) 2=2 2x2x2x2=2"
2 x 2 x 2° 2X2X2x2x%.. (10 =27

2x2x2=2° ax ax a... (50 ¥H) = ?

2. (Beherod® wods Sarod 59D $rEto wxoe

60°

30° 60° 60° 60° 80° 60°

() (i) (iii)

90° + 30° + 60° = 180° 60°+ 60° + 60° = 180° 50° + 80° + 60° = 180°

(8202208%0 o888 e Iwdgo = 180° o JrdHhEsnichito.

3. 1=1
1+3=4=2°
1+3+5=9=3"
1+3+5+7=16=4"

1+3+547+..Nn=mmr rrddidostenso.
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NS Do (Deductive reasoning) : -
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e 1) @’ =1(a#0)ol omed SHEHHDH ©osdH 0otk DD BB ESeekd

orsiovutatetatate)

a" _ axaxaX... (m ) leatmog0e1
a" axaxaxaX...m )

- B558 Kot deen ﬁsémégé:é @@oﬁa@f 306:3 $500H0 ErEd erdde @Smid
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(i) Multipliesalgebraic expressions(Class VI11)

1. Learningoutcome: Multiplies algebraic expressions.
2. ldentification of related concept
%  Multiplication of monomial with monomial.
% Multiplication of monomial with binomial.
%  Multiplication of binomial with binomial.
i. Prerequisites:
% Algebraic expression, like terms, unlike terms, monomial and binomiadl.
* Coefficient
* Lawsof Indices
% Distributive property.

3. Pedagogical Process : Contexts are provided to make learner understand the need for
multiplying amonomial withamonomial, amonomial with abinomial and abinomial with
abinomial and aso to asses the prerequisite abilities of the learner.

There are some bananas and some mangoes in a Basket. The cost of each
bananais Rs.3/- and the cost of each mango is Rs.10/- what is the total cost of the
Basket? (3x + 10y).

Activity-1 (Group activity or whole classroom activity)
e Addx mangoesto the number you assumed
(Bxor x+ a)
e Addy bananasto the number you assumed
(2yory+b)
e Canyoufindthetota number of bananas and mangoesin the basket now ?
e Canyouwritein expression form?
e Wiritethe coefficients of the thusformed (2 or 1)
atata=___ . axaxa=
e Which of thefollowingis correct?
A)2(3+5)=2x3+5x3 B)2(3+5)=2x3+2x5
C)2(3+5)=2x3+5x5 D)2(3+5)=3x3+2x5

e What do you say about thevaueof a(b+c) ?
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i)  Conceptual understanding
Group Activity 2 :
Observe the following figures and evaluate their areas.

i | 5x |
- 3x > Fig. 3
Fig. 2

Fig. 1

L et the students are asked the following questionsin their respective groups
From the above figures (1), (2) and (3)

What do you say about a, 3x, 2%, 5x and 3y ? (monomials)

What are the coefficients of a2, bx? and 15xy?

What isthe exponent or index in 6x2 ?

§ B & B

What are the exponents of x and y in 15xy ?
1> AreZ, 6x2 and 15xy monomials or not? Justify.

Through discussions they explore as follows.

A monomial multiplied by amonomial alwaysgivesamonomial.

Group Activity 3 T
e Increasethe2x by 3inFig(2). @2x + 3
e Now its measurements are 3x and (2x + 3) l
e Theareaof the adjacent figureis 3x x (2x + 3) ~ g ) >
e Intheaboveexpression, identify monomial and binomial.
e Four flash cards are supplied to the groups and asked to simplify the
expressions given on the cards.
€g: 1)ax3a
x(x+2)
JYX(x+y)
4 p(a-3
They are asked to display on charts.
Material required
1) Hash cards
2) Charts
From the above observations, what is the end product if a monomial is multiplied by a

binomial?

® Product of amonomial and abinomial is
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e By their discussion students will be able to conclude as bel ow.

A monomial multiplied by abinomial alwaysgivesa" binomial” .

Group Activity 4 :

Increase the M easurement of square by 2

and 3 to form arectangle. T
Asked to find its area. (a+2)
Theareaof fig (4) is(a+ 3) x (a+2). l

In the above expression, identity the (@a+3 >

binomials. Fig. 4

Apply the distributive law to the above expression and form the algebraic
expression.

L et them be given 4 or 5 flash cards asked to discuss among the groups and
to present chartsfrom the algebrai c expressions thus formed, what isthe end
product of these Binomials?

The product of two Binomials need not be always a Binomial

Material required :

1) Flash cards
2) Charts

4. Procedural knowledge:

Group Activity 5 :

L et the students be formed into 4 or 5 groups

They will be supplied with set of flash cards each card is represented are
expressed interms of monomials. Asked to find the area of each rectanglefor
thegivendimension.

Through group discussion, each group find the area of the rectangles and

* expressit in the form of algebraic expressions.
e Each group will present on chartsin the form of tables.
They will try to find the reasons.
S.No. Area Algebraicexpression No. of terms
1
2.
3.
4,
Materia required
1) Flash Cards
2) Charts
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Problems (suggested)

D3yx-y) 2x(x=3) JPx(x+y) 4 (x+1)(x-3)

Note : Find the number of terms and ask them present on their respective charts. Is
number of terms in the product of algebraic expressions thus formed are same
why? Try to findout the reasons.

Possible evidences :

Students would be able to form an Algebraic expression through different context
situations. Concludes the product of two monomials and a monomial with a binomial by
observing the process and patterns of multiplication of two monomials and a monomial
with abinomial.

Solve the problem asthe product of two binomials based on principles of amonomial
with amonomial, amonomial with abinomial and distributive property.

Salf Assessment (Rubrics)

Criteria Excellent [Average |Minimal Needsimprovement

Preconcepts of
algebraic expression

Areas of plane
figures

Multiplication of
bionomias

Application to real
life situation

Extended activity :

Studentsare given 2 or 3 questions based on real life situation in order to enhance the
multiplication of different Algebraic expressions.

1) Thespeed of acar is(u + 5t) nvVs. Find the distance covered by acarin“ t”
seconds.

2) The field is in the shape of a paralelogram whose height and base are
(x+2) and (x + 2) respectively. Find its areain terms of 'X'.

Observethe following statements.

) x(x—3) =2x—-3 ) x(x—3) =x-3
) x (x—3) =x—3% V) x(x —3) = x2— 3x
Which of thefollowing is“ CORRECT ” ?
A)Only | B) Only I C) Only 111 D) Only IV
From the adjacent figure the area of the shaded rectangle portionis
A) x> +5x+8 B) X+ 3x + 15 ( )
C) ¥+ 8x+ 15 D) x>+ 3x + 8

T

X+ 3
*kkk*k L e+ —
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(i) 29%,gwe HoBwHOo HHOKD HHEOHoOS ARG &H, DSEDS HHVOD
Deousnigro (Class VI)

1l @ggdd $0&o (Learning outcome) :- dHgen HHimwe Sodedo O é?gzééenzéooés
a0& &) é'\)éé?gég)e‘é Do FHosKerGo.

2. Ro2008 rIdew, FowrSdod HoodEsn (Identification of related concept and
prerequisites) :-
& Il
o) i):é&zﬁwe Kododo o 5)26&236330 ééééezzéo
IO PSS
o) éoayga:vzésé PRSI ééo)é,oc‘éc‘ﬁo.
o) éoap?gea Jododo, zﬁééé@éo (BB SP)
0 SRHOL DS grrrenrr HoHE0, PR gPred) Kedd ot (&26&6?53063)
TeODNONE0.
O Yogge E..%. (LCM)
O  KEsed gPIN; eiisstE gPNdS
o} é)?é&:ﬁweé‘s Sseen (B0 R0, @B )0, (B Do) wHMPee EJosio.
O Xerd HHIw, Jerd HHIneP OIS éé:)) &oggo.
3. é*éaua%ézs (8% (Pedagogical Process) : = ¢ éoécg:)en [ 5558 TXRO° $ogrRgErss,
éoaaegea Hododo, Eﬁegééeazéo, 10580, gPMPSBEo (HBHOB HoD0HOAS ST

SISV 8% éé’g 63358 $5880035%o0. donen Eree éoapsé ol OH HBHDO
Z5ed.

CLP (Concept Ladder Process) oyoe 8903200 WOSTRD (DB BBKB Wi
dgo Iasrd.
FPERPIRO PSS Bzen 1 den HHoe Hofedo, HHEesoH @IS
B0 ZoMHT BHIEHE FrEErsIen @ DEH é@%a‘;ﬁs B8 8od
é@)@'fgen QBerod.
* ée)éago -1
- ARSIV @Dé& PRIV OIMPERS HBSEo.
oo 15 A%en o). B S Lorhd eSO DITEEore Hosme
2.55)08 AR DIt I0? ©d Ivgos® Jod grro?
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11 Method : by using rectangular card-
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(iv) Finding the probability of an event in an experiment - Class1 X & X

1. Learningoutcome:Children are able to find the probability of an event in a Random
experiment.

2. ldentification of related concepts and pre-concepts:
% Finding the probability of an event.
% Preconcepts: %  Randomexperiment.
*  Sample space.
%  Simple eventsand compound events.
% Equally likely events.
*  Impossible event and certain event.
*  Complimentary events.
%  Mutualy exclusive events.
%  Equally likely.
3. Pedagogical processfor conceptual understanding :
% Teacher may divide the classinto four or five groups.

%  Student understand the process to find probability of eventsin various Random
experiments.
Group Activity :-1  When two dice are rolled then
(1)  Findthetotal number of outcomes.
(i)  Find the number of favourables cases of getting adoublet.
(iti)  Find theratio of favourable casesto total number of cases.
Group Activity ;-2  When three coins are tossed simultaneously
(i) Findthetotal number of outcomes.
(i)  Findthe number of favourable cases of getting atleast two heads.
(i)  Find the ratio of favourable cases to total number of cases.
% What do we call thisratio ?
% After discussion with all the groups the teacher defines the term probability.

4. Material required:

(i) Dice
(i) Coins

5. Possible evidences :

%  Studentswould be ableto find the probability of an event which wasasked inthe
problem.

% They would be able to find number of favourable outcomes, total number of
outcomes and the ratio of favourable outcomes to total number of outcomes.
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6. Sdf Assessment

Rubrics:-

Criteria Excellent Average | Minimal | Needstoimprove

Preconcepts of
probability

Solving the problems
on Dice and Coins

7. Review :- Students assess their work based on Rubrics.

8. Extended activity : Students are given 2 or 3 questions based on pack of cards and
calenders.

Q.1. What isthe probability of getting 53 Sundaysin anon-leap year?

Q.2 When acard is selected from a pack of cards. Find the probability of getting a court
card?

(v) Ableto solve 'Riders applying the conceptsrelated to Similar Triangles-
conditionsfor similarity - ClassVI11

1. Learningoutcome:"The pupil is able to solve 'Riders applying the concepts related to
Similar Triangles’ - conditions for similarity.

2. Thelearning outcomes cover the following concepts:
% Conditionsfor similarity
* SAS
% SSS
*  AAA - AA
Concept : 'AA’' Similarity - Application to rider.

Premise:- The pupil already knows / understood the terms related to similarity and
congruency such as congruence, similarity, corresponding sides and angles etc.

Group Activity :-1  To Test Previous Knowledge.
Depending on learning styles:

a) Teacher dividesthe classinto groups (say 5) and distributes few
card board / paper - pieces cut in triangular shapes and asks
them to prepare triangles similar to them and verify similarity
property in each pair and classify them.

— Inparticular 'AA’ similarity is demonstrated by students.
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b) Teacher gives few triangles with dimensions (length of sides,
angles) and students are asked to pair up similar triangles and
classify them on what conditionsthey are congruent.

— Inparticular list out those conforming to'AA' similarity conditions.

c) Studentsin group collect the given items and discuss and note
down their observation in anote book. (shape, length, angleetc.)

d) Teacher supervises the student's discussion providing support
wherever necessary, encourages peer teaching.

e) Oneof the group members present in the class.

Inference :- The child isableto relate the knowledge of similaritiesin thereal life situation.

Group Activity :- 2 Whole class room activity.

Teacher elicits the template / steps followed in solving a rider and
writes it on the blackboard.

Statement

Rough diagram

Given

Required to prove
Construction (optional)
Proof

Satement Reason

=

e Concluson

Activity :- 3 Individual (Practice - FA)

Teacher gives a problem and students solve. Using the principles/
concepts learnt.

Example: ABCD isatrapezium in which AB | | DC and its diagonals intersect

Self Assessment :

AO _CO

each other at point 'O'. Show that BO DO

Pupil solves the problem through self inquiry and records the
observation according to the steps.

Student prepares by himself / herself or with teacher's help arubric
for this and teacher can use the same for evaluation / assessment.
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Hasthe student :

a.  Wiritten/copied the statement correctly.
STARTER

H A Indicates | Sarter | Follower |Performer
A a v v

N

FOLLOWER
<

S|lae|l—+|o|la|o |o
SNEN SN SN ]S

IP<ERFORM ER

Identified what is given.
Identified what is to be proved.
| dentified the parts/ components.

Selects correct parts.

-~ o a0 o

Cited correct reasons to explain.
Linked the statements and reasons correctly.

2 @

Concluded the proof / problem.

Review : Students assess their work based on the Rubrics.

—  Students are given practice based on the areas which need
improvement.

REMEDIATION
—  Teacher summarizes the areas for remediation.
—  Liststhemin alogical order.

STARTER FOLLOWER
Teacher provides exercises for practice from — Teacher asks student to list out the
step 1 (of Rubric) onwardswith simultaneous length, angles, etc. that aregiveninthe
assessment and review; one after the other. problem.

— Helptodraw figurefrom information.

— Relate the identified list to what is to
be proved. (by probing questions)

— Elicit the reasons to substantiate them
(by probing questions)

Practice : Exercises containing one aspect / step at atime (or more as required
depending on student's ability and learning styles) for practice with
simultaneous review is provided to ensure learning.

Evaluation :- Similar problems are given for students to solve and to be assesed.
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(Vi) eve BTeensd), B&oweto (Class X)

1. ogdd H0Lo (Learning outcome) :- 33(3236@)@ (Bgbe: STPegtne KedodKed.

2. L grSden (Prerequistics) :-

O QBrdsegren o} QBPHE S0

O ot FBI o (Bghes Jeeego
o (B58c%Ho o Bddah Jego
O HBHXreg0

3. esscsmaiegézs (©8c% (Pedagogical Process) :- g)wgégeéa QB7HE w;gébé’éé‘s@ (&gDes
S50 KB0tHED IIBH FederIden, S818 5688 &@&3%0@263 "Doméoaé?o
@65@%6:6@33 ODMPST° é@goééﬁ@:&. 05 JBore, @wegécg@és ot} @6‘5@2626@?3 080D
BB

(1) PS80 @SS (Conceptual under standing)
* %égo -1

& (808 Heow H8D0K0s. & S50 Bol.

A
|
|
6 ?oo.ﬁ)a.:
0
D B 10 0.8 C
B
Do - (2)
A
6 0.8
L
B 8 20.5. C
Heo - (3)
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1
(Bghes Jeregold EMPHOD Dr@od Be)od. (A =5 bh]

B0 (1) @) Feeegod KBosod. (15 £.20.80.)

Hexo (2) @Dé& Q@oéozéa $BoSo&. (30 $.20.80.)

Heo (3) cﬁwé& S50 $BoSo&. (24 $.20.80.)

B0 (3) K8y D BHKeH? (oas’s (Bgheo)

ey H¥so (Group activity) :

8)63"?36@)@263 Doresiroentr PR, a.8°8) JrPodss (e / (AE Ao ad),

B AErFEeErORD A, 8od HohHedn =8, [PHIAE '§)KJ§'§_§ ﬁ)goéz'f)di)é@:é).

S8 B SBHB K0S The P (BEGOD TaHSBH. S8K8 KOS® o e

$8)00 3@ QErHES0SED &oéa@;é:é D Ko OJMPEEED DOFPoHOEHBLD. 9%

DForr FrBErIKen HHOY BADSS.

e - (2, 3), (-3, 4), (-4, -5), (4, -3), (5, 0), (0, 7), (-4, 0), (0, -6)

H)oBLedS woen (Suggested questions) :

BB FBoS® &) Dot oS0k,
Bo&S Lot &) DothHhHd HBosok.

SoelS ot &%) Do) MHBosod.

Teenitd K0S’ &) Dot HHoSOE.

X - @80 2 o Hothhn Hhdotol.

Y - o0 2 Ko Hothd MHosod.

“w o

e (2, 3)
e (-3, 4)
2. (-4, -5)
@ (4, -3)
2. (5, 0)
2. (0,7)
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oo A, B %0800 C 88oen aydsped 62 AABC Gn¥) 3550l KBoHes

SHRPHEHE Koo &TH)BoHe.

B (Bghmo ABCS® A (X, Y,)
00 B(X,, Y,) 908 05w,

><

X- @08 A, B Hodsn Co
So& AP, BQ 08c» CR eoo0n
AcDO&.

(X 1)

\I“l*n\>

=~C (X, ¥,)

B, ;

o He0o&® Lrdotadd
(BSHechoes HBosod. ABQP,
APRC $:8c5%0 BQRC ex.

1. ~N
X\ X

2 Seoes® PQ, QR 08050 QR

Qended A, B Hdcin Co @wE), X - y!
QEreHEoSE @oo)o&.

PQ =X, —X,, QR =X, — X &8cn PR =X, —X, e».

o T H5BE e H0 Dan (SINIeaH HPBY KeDoS KeT?

1

o ABQP@hadbo 3weso 208? - (BQ+AP)PQ
1

e ACRP@@d8cho 3ee50 Qod? > (AP + CR) PR

1
e BORC B%®cho S0 D0S? > (BQ + CR) QR
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e af aoéfﬁéeo Do) Soeres® Sehen A (5, 7), B (4, -5), C (-1, 6) &k
D (4, 5)en ®ond, & $seae aoc‘,%g@o BwE) S50 Hedosod.

6. HOTS

e (a0),(0 b) b (5, 5), afHo (a=b#0) e o8 3&3‘;’._3 t%:éclgowé a B

b o Sy Somogo. ( )
1 1 1 1
—+—-=1 —+—-=95
D a b 2) a b
NESENE! NS
) a b b5 5

oo ¢

@S POrw PEIZ SEKS 568t QERrosHVS eGESren [/ FegsPen Ioderd &
K8) Fr8 SRS SPod dyen KB Saogziodorne I8N &k IEE) KBEeQ)
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(vii) 28 csmRes weto te A6 HHE / & DHE SHARAOY, HoFH Here
ST BoWTRBODE0 - Class VI

1 oS $980 (Learning outcome) :- a8 ardéS $880 Ko AE 208 / (P 06
SIDBTNON, DoPE Here JPageld oSTrRched. (Find out approximate area of a

closed shapes by using unit square grid / graph sheet.)

2. &S grsden (Prerequistics) - dacego g, ébgiﬁe‘éoé@o, $eDBK0, aredes $e8o,
‘éoé@é Hed0, S:ﬁe)e‘é Hed0.

Ro2088 grSSen (Related concepts) :- 260&6@65666?@ ST°50.
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3. &gl (©@a% (Pedagogical Process) :-
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QG Bre wen [ P, Sore JTagess SFeylo.
A B
A D
P S
Q R
B C
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Qe Ky ?) 30 Brego S ?
(Qer It ?)
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2) o8 dore (P DH8 D QY Szre SHBRrODH Aowod, ©othSt
BBy reéneod B88)pkKko o 3Ty B&oSEo0.

3) BB, 625»55336&6 STego BEoBKo T iy Howogrod
(KerodEahiso.
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HBolod.
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4) & ohdHen éq;@& Q) VIS gerrenre Dgfomran?

5) & 358 eered 12, 8o K.3r. s

LENGTH =12
WIDTH=8

] MAGONAL CUT|IN TO 4 EQUAL PARTS

GCD =4

6) 3O Qoo FEoH?
7)  Activity 1, 2 o&% K)Eﬁﬁé@@s EPOYTHE &) FPBrigBD, Borodd

$oQoweoe?

gsdo 1 P a’afgé’éé‘s 12, 5o &.J.5050 ELofTH5m.

[=or
+ / 1
[ 1T TwibtHES
/l | {
/ .
u
ii-/' 1 . gTY I e |
R NG TR T e e T

RSN EB5m D SHYE Swrerbone DS 50HI EBm grrrenr
DgFRoDaEH o ‘1’ IS Sob.
~HCF(12, 5)=1
Activity 4 : Andres Zavorsky (o0s°) & Srdrobosads GCD (HCF) &5hs
& (808 BODS Dore S BohasE8.

% 6 X 8 Fodod® o8 HI0HE) Swd omred® Jgosadis. A’
ool 45° B%w08° e 08 88erQ) B0 TR, @b Sad
0O SBEP, HTPHNBI0 BohEr SenS @wé& 508°8 Soredd
BBHotnod. & Bos® A &, 8 ©8 $HeS° Do L

263&556‘3 &) dro &rdo. 6,8 © HCF eh&ob.
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24, 9o K. Be)0d.
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7. &30565326:&0@ :

B e aPipod | erihod DTS [ RodorhBdEsrd
B.p.50. gPdd

QeSS K.P.5° 055
1HBoHE

QDGR BV B ey
Do FPHoHE

BE0pDE, FaAHED

8. S¥FNoswdS pddes (HOTY):

1) Bo &S éyg Ddogge K.3P.5° eSS, 1.12 S08c%» 0.12 Dogge 5. J°. 500
ELRPSST?

2) 1.5 05w 2.5 K.r.z° Jos?

3) Dot &5 g Dogge K.aP.5° a8 SFrodo ©agDe00w°?
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5. HB3S Podden - D) B oDdHeHome

N0Lcho :

SPTEOETT S EYHg0 &? &mgi%en ePEEIS Toeag S DS PoHed SAD
@O TS0 EQY0D T8 PR VBOIHED, (‘Oé?géé)éoé‘s B OB PR OBEFHS
Sosores® SgSosorr DARPAOHES PLTHR. orodoHIer @S ErosKo. 8h DD
BORKT. B8 $oBGENS® BoEE DRArRY B $BYOTHRY BBVBELEWOB. ©BNL0E Jregen
D3 2.8 3;0&3658 KBB0S® sk IEELOLH WB? e IEHoerdr? JEnNBR) 2200
B e DITPAOSHOB? ©I6 Q0T GareRyainent 50 BeodE PP FPOM @SRRI
8D 6oTPD. KBS OISO 1YL WVMPERS TSR [Eos® o8 sKiEsre, §ased’® P& otrd.
DY é@@é@é’s @°e§£o¢n?6&?’@cﬁ) e dyadorre 858 D0SE0 Inden DEBED. DYOB 965858
[BPB0855000% Fod HIBVD WDFTPe WErdorr, HOBDoDS @ wrrdorr §°Q) 88 e
DY 0erSd. BOS® ©IE DodBen 0 Ld)E® Tsdmrow. P @IS HicHos®
SIS IS TARSISTN (@%&Oiﬁﬁ@ﬁ@ (5830 D) KBS bash D& DOHSENE S & gRHD D&
BHPE OB EOA0DHHT WHsEL0r SEDFSL. Heen IEHI FPHbeH Sonodod, Tue
8 ISEDS DABeo HBod T DYBorr oRoD e Hbod HBKorr :’oa&oméﬁ
$500008° 208 SRS IFBSH I8 ©9oHoSTRIS SPGANET 0 AYIPET ?ocgom
SOTD. WHT HYe ?So(siﬁzjm, &TTPoNe @aﬁgz”ooéﬁwﬁa@&. &OE éa@"qs';gdﬁwcéa QoSN 8Sore
EINY) K)o?oéﬁ(goa_ SOENOIL N80 Gond. DA K)@@;?So - éé’g oo eéwp‘goﬁnéé e@é&‘éééo.

SPTEET O PP P, e BIPTD HEHBHD® 23865302,5‘;36:6 BBchen Y,
SISUMRNIES e SR PotHenHErE® JESHT ©SPed od Gomed. a8 JRaPho D&
D @BPERS Dol @oHS®A wozred, PBIrSchuBorr Edorr dge @S HBahe oo
BV s’ BOS K08 BOWHEIBT® BP0 YY) DHOoSHORe BT, @i SHohos®
5 085 wowodr $5K58 K6s® &58od 36335"3 PRI gen ndos éé%éé&)iﬁaé)f)@
Schses.

DHADAHDE FHOSEIS GIFPEET HJ0 BADHOROBHS?

o RS FBHVErOD Hegore IESKo, (B8 @oard) Qorr JShiorr oSS SPod
AdwoEEo.

° 85385(3 Dzeen HEE0 90&EEY RO SMTPETS BB @S é@)@é&», VNI SIEY)

Ko20509) 66%260 o ASwoiio.
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o« &8 6<5°zp°§dﬁ)3e>c’3£ KBS SIH)en 2BDE0 gPII D 8):_‘6e)é Iyew, ésémejggézé (HBcen
K0y Seyosco.

o XD Hewer& SHyen 228DE0.

o KBS Doarben, KdSaberen, K63 t%o“mgg@t’w, K638 Sfaessben Inderd edSt 31’6:26&0,
KBS HBBen SBHE0, Srsd VEEOD odesed Fossto.

8 8ODID §°3cl 0 80K ErDoDS B €0GRgsen K0 BHKOAS BNE
DROH DHeed PHOBHKY),

Qo0gpgor DAL VYeed, DACD HBepKo FHoHeB XD dPewos® SGyen 880 ORI
@@éé%éééacm:é ®0d0. &8 @@5053066 DRD AHeas FrGHoiHess éosp‘ngﬁé, éoawzﬁege‘é, Deaisdso,
25E0AB K020oNS ERY) woTren $8)0 WHSE0 HFH BenrbEHod. HRAH Yl ®oBOBDES
& womoln wsP 568900 IYyo.

(i) 2PN56 DIQDY - CREE DINDD
(Divison algorithm, Euclid algorithm)

Divison algorithm :
HED @go B8 S8 Swodorr, gRKiES dr@o SHB%D PR DEBY KoJoToE&.

gPA0NE0 0l Hobto @ @go.

a8 749 14 D08 HoHIPH (8e.8508 a8 NS R0, HADID 14 837 NEVR gy
€08 80A 28808 1 TS a7k 3w adr MADS A Hrddotro HADID 148357
BENBS Hoso waIo.

74 - 14 .. 60
14 ... 46
14 .. 32
14 .. 18
14 ... @ stop
74 = (14 X 5) + 4 ™ (ZoRW.
(0<4<14)
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b) 74 8 HHob8 HoWHS 60666?)0638 D DForr Do
74 =8%x9)+2 ... (2)

Hose DADSTTAY Bho woero Swel & dogy APLO DT3B éé)&ém ~lelnsld)
B, HHBFWEIE HohEro wew DODHIZPED (8 oW, gridesm (quotient)
Dend 1 2BrH&0d; 74 = (8 x 8) + 10 (35 3RS0 10 Dgresdsino 8 ET%) BN S

Quotient 8 Q, 20D 3K Devdd Ho& 8 NgresseR) SdSro 10 - 8 = 2
s 74 = (8 %x9) + 2 (mIro.

74 D gresgin; 8 gresBin 9 DB, 20 o woeri.

a=dqg+r(0< r<d)

BT geissBs o Bre grKFENTANG ©otrsm.
r=0eodS® dQ a8 sederossn @ 0 HsPseEerossin © @odro.
10080
r<dafo dodoyen.
1) r; d 8 sedeseossdm

2) r; d8 se8ero8idnsetd 500

r,d o 6253&& 5o8e°08X50 S0EN0d. 6&63&& so8ee08S5n 1 263@@3) &) A DG

(Doearoseen @otro 9 H3H Beod (8 b) = d @ (°Rsw.

Note :

2.8 ‘éosp?g J0BBnE éoapeg:éa K)éga’qom PPAODS & éoapegcﬁ) & Bo&o® ged esyHEbod.

74 = (8 X 9) + 2 S0, IHo 2 Degresdsmn 8 grAdod. ged (8, 2) = 2

74 = (8 X 9) + 2 ; 0G50 (8, 2) = 2; 2, 74 5 Erwe A0S

2; 74 & Sree So8er08Nw,

(8, 74) = 2 ; 8, 2) =2,
OJme
(bn=(@b=2

a=bg+r(0<r<b) ewands® ged (b, r) =ged (a b)
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Euclid's(Divison) Algorithm:
@@g@éﬁa e o“ocgé’é =] o“ocgé’é oyo° Botd Hogge g.c.d. EdfCotro.

Tt a= 1234, b =540 @) K.30.g S0fFSHe.  54) 1234 (22

108
*1234 = 54 x 22 + 46 154
108
54 = 46x1+8 26)54 (1
46
46 = 8X5+
x5+ 8) 46 (5
8 = 6x1+2g¢gcd 40
6) 8 (1
6 = 2x3+0 6
-2)6(3
- B0 B8 Tk K.3e.ge (g.0.d.) @idi. 6
(€]

008

(a b) = d¥c885w a beo rirdy se8erossin d @dhrdod.

a=dg+r(0<r<d) ®wd
ged(d,r)=ged(a,d)  *

R el e
ged [(2,0) = (6, 2) = (6, 8) = (8, 46), (46, 54) = (54, 1234)] =2

Deresgiin = Dgressin X Do + Iko

Dividend =Divisor x Quotient + Remainder

(O< Reminder < Divisor)
a=dg+r((0<r<d)

IS H58

1232 + 54 :
3)&3"&50
(D) grezdo 54) 1234 (22 Dg5o
108
154
108

‘ 3o

1234 = 54 x 33 + 46
[46 < 54]
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a=bg+r(0<r<d)wonds®
ged (b, r) =ged (a b)

ged (1234, 54) 830/°K0é.

54) 1234 (22 46) 54 (1 6) 8 (1
108 46 6
154 8) 46 (5 2)6(3
108 40 6
46 - 6 - 0

DB %Jﬂﬁééé P38 & Bod éogp?se) ged 950 (= 2)

(ii) 5Oy WeIRDs SeBEFPOLO

2, 3, 4, 5, 9, 11 Jogged grhodnierdd Johindn s OIS,

'd 8 b so8erodim oS a= bk eddenm KeN &otnod; 88 K &rae so8epodsh HAD

QTeselegro8dn  @oEPw.
Divison Lemma@sedo a= b+ r 5o 385m r = 0 0ondS® a= bgerhss.

a8 bseerosiin wand b, a BwE) HHeno)B8 seirosin @b,

24 12 =[3 x4

\2

3X4x2

12 Q¥ SP8eroSinod) 24% Eree Se8EroseS.
2.8 Soggd grhod (?O%?}qurw) Soggod) HI8 seerossn
94 = 1x24;

} 1, 24en so8esroB0en
24 X 1;

20 o) Kaospege)é) DON0H, 5PN (98 Dogygd 1 8w & Sogy Ee0EEmerp. Ede0
3oL seBesP0osPen 265!’@533 éé&éé Ksospgoéa, (e Kaosp?gen ®0e0. AD] TR HHedes éospegen

®0LI0.

T Sr@o (D5eS Doy 59, e Qogy 59, 8D Keased B&)rodsn (Multiplicative

identity) esoéxo.
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ged :
) sPlerosPe SE8

a8 Q0gg0 EALTATOINY) éoa@@f&& Q8 seBegrosren. Bod Qoggeder EALTATOINY) oo o

PSPl SBEFPOTIED WOLPO, & DAoL 56%@ Ddogglo K.JP.se. [ K.3P.g° woero.
24 ={1,2 8, 4,6, 8, 12, 24}
60 =1{1, 2, 3, 4, 5, 6, 10, 12, 15, 20, 30, 60}

24 005w 60e K.Je.se.
(24, 60) = {1, 2, 3, 4, 6, 12} &3 JWAS KBY Dogy
=12
b) grrests DK
3508

gcd (24, 60) = 12 ; & doggeod 123 gPA0DS N VFeen (2, 5) 1D AV (OF°D

‘éogpéen. Kaogpé@ gcd EAHErQ) arthsro. 8 5°6% 'zbcg ‘éoapgéa D Kaospéé) gPAJCO.
24, 60 gedd grresss K)céé’é Toe. BROMPR0e.
60 =
24 x 3 + 12 (= R)
24=12x 2+ 0 (=R)
BB g0 SR ko 12.
(60, 24) ©» g.cd. 12
(24, 12)o g.cd. = 12.
NSBed
(a b) en DI Botd Qdoggen a>b
a=Dbg +r dsw 0<r, <b
b=rgq, +r, »c» 0<r, <
n=rog+r, O0<r<r,

rn,=rq,+r, 0<r,<r
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Fog =Tup Uy + Ty, OO 0<r, (I‘4_2)
o =141 04 0BT r,=0
gcd (r4—3’ r4—2) = gcd (I’4_2, I’4—1)

9cd(Fyys Tog) = 9Cd (Fya0Ty,)

ng(r17 rz) = ng(b’ rl)

ged (b, 1) = ged(a, b)

More results
a=bg+r(0<r<b)
1) 2608135263 8@0@ DS BRGS0 S Bégoo“g) 0% (22r) 2r > b ©9ondSt o0 08 b @Dé&
105 By SRFATD.
2) Roagd SLw BB, oS5 TS (B°8 TS IS I8 JEE0 (=12); 0380 (=1°)
@rHd. &8 26066?)2530958 & 3550 $08 gresdsm @Dé&_ ﬁf}g ﬁas%w('\)cl &3 & 30
TS,

DIBr0 (58 HII°Y Hogy Gwog) 5pdd0 9m, 9Im+ 1, Im + 8 5088 &oHdd S

NEHes ¢
9 ks
a =9g+r|(0<r<9)
= 9q+r(=0,1,2,3,4,5,6,7,8)
as = 7290° + 243qr + 27qr2 + r3 = 9(81¢? + 27qr + 3qr?) +r3
ad = 9( )+r3(0, 1,8, 27, 64, 125, 216, 343, 512)
a’ = 9( )+r3(=0,1,8)

(98 Cﬁ:éo“gjt’g 6033?3 0550 9M+ 0, 9m + 1, 9m + 8 S0’ &0,
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(i) Desedabeae Angeen (Divisibility rules)

2.8 Kogy So°8 éospéé ePA0NHSE B8° Bentndmes £°Q) oo aRdo. H&3
Deradohae drgren wotro §oe | DB 3 woBe Qo aiﬁaétiﬁéoé’s 100x + 10y + z 8Hos®
(@°rma50.

Fogfo 8% b,'a’ A RS bla @ grhosdS bta o $o88ines® Jrdeim. &
565 50 (8od Se@een (Rules) sedaesim.
Rulel:
d/a, d/beoss® d/(a+h), (a—h), ax b orb.
e 7 /63, 7/ 42 £605 7/ 105 = (63 + 42).
7 (63 - 42), 63 x 42
Rule2:
d, @, bo&® e8mdT rAoR & Fweed) HBCH Fard) FPAOSED.
d/a, dtbewwss®dt(a+b), (a—b)
e 7/21, = 7120 5295 7121 + 20 = (41) S8 7T(21 - 20) 50 7 / 2 x20
Rule3:
dta, dTbeas:)®8 d/ (a+ b) =5:h). @ Botkh Somged DM PAOSSHBE o)
grRoSHE). 7120, 7115 =2 7135 (dee?)
8o Doggen DEIE™ ePR0D0EASE, 7B erAoSe 3% F5dwe &0 gPA0DHDES
Qdogy Bt gPA0DNE.
et le) Q@) V00D 20 = 7 X 2 + 6 (= rl)
15=7X2+1(=r) o8, r,+1,=6+ 1 =780 73 grhosaiod. ad oBs
H00k.
e 7/21, 7/ 14 £60%» 7 /21 + 14 = 35
21=7%x3+0(=r) 14=7Tx2+0((F=Tr)
r+r,=0+0=0; ‘0ol éospg@z'ﬁ P00,

& DAY T8 EQ) IrEeeld DB)BEHWD).



Hdgo - agrycd 88828 6 08 10 SBihen (&8 5;0;:)

75 drgo
3 ©08e Dogy DJBes &rdo (expanded form) &® 100x + 10y + z e $HBF0.
100x = 7 X 14X + 2X (= 1))
10y =7xy+3y(=r)
z=7 x (0) + z(= r,) 38w Ingo
[+ 1+ 1= 2x+ 3y +2 73 grhodadd dogg &rwe 738 grhodadd. @dm 1000

%5260663 085 28; He @;26066?\) 0085 33 KHdod), a8ey 35:60@820 ©08% BO1I
$%) Iwdo 7B grAcHRES @ Sogy Erwe TI grRoDE.

G 343 D D88, 3, 4, 3 oo HHVP 1000 FKoE™, 100 FHS™, ady
3;:6095‘3&) ©o8e.
3X2+4x3+3=6+18+3=21
21; 7 3 grRodadd sPHd Sogy Erwe T3 gPR0H@dRD.

& QcHErR) @) Doggesd HHoHUVEHDL).

25 588 BAY Ao HBE errdore ST B:08%5:%). (Mathematicsisan observation of
pattern)

7 Q8 B egrdore JrE@o

$5B8eS
7x1=07 0-7x2=(-14
7x2=14 1-4x2=|-7
7x3=21 2-1x2=[0
7 x4 =28 2-8x2=|-14
7 x5 =35 3-5x2=|-7
7 X6 =42 4-2x2=|0
7 X7 =49 4 -9x2=[-14
7 x 26 = 182 18-2x2=14

R 7 B hferen Sae 73 grhodet SoagoBEtSH & ey Kndoaro.

BT Do Fdod Doy ePA0HDHSE S& 8@»@%82663}
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Qoo ¢ 288 @(;?606850 @08 Bégoa’g)?.;?o ADY I Hhe, Sode 5;@@3 NEYE Dogy
008 &S 358y Doy 73 ePR0HDES Qogyg Brwe 73 erR0H0E.

e 1
485 : 48 - 2 x 5 =38, 7138 =& 7T 485.

& 2
ﬂi 28y FHoSR w08 23 B0 WADS Frro (Bod (@R
L srasos.

28, 73 gPA0HE HS 343 Erte T3 gPR0DHEK.
& 3
Jrenid o8 éozpé 5678
567 (8
-16
5511

-2
T53 53, 73 grAodaith sPd 5678 Srne TE grhodni.

19 8 drEo @ a8 @(;:6063&) 080 8@0@35’0 Eoard. (D& (@@ verify
B08%&8)

13 8 Je@o @ aBd 5;26063’5(‘0 ©08% 43 HBoD) Eeard.

178 drBo  : adly P30S @08 53 HBod SRFATD.

646  H88w0%04.

For (7) ......... &23059. For (19) ......... 23 HR0D Bord.
646 646
- 12 12
52 | = 73 grA0HES. 76 | — 19 3 grhoHd.
ISEEVIN) Qdogy 646 & gPA0DVEX. PHS 646 Brme grA0HKD.
Fro(13) ......... 43 HB0D Bord. Fro(17)......... 53 B0 SJRSD. .
646 64 |6 (6 x 5 = 30)
+ 24 - 30
88 | — 133 grAodasd. 34 | — gPRoDHH.
dogy e gPA0RRIEED. 646, 173 grhoHatolo.
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Not for students
s e Bogpgido BenosiSto aer?

Sogy D) Table DS 1 263& Doggd AP Hehe .5(;260@3‘550 ©08% KB
&2F050.
7x3=21 }
17 x 3 = 51
Tables® 958 9 263& Doggd A5nED Nearest Multiple of 103 $30d Eoard.
13 x 3 = 39 — Nearest Multiple 7
10 = 40;
19 x 1 =19 —» Nearest 20
49567 - D, 73 HB3DTFO.
49567
-14
494 (2

_ 4]
49

— 7 3 grA0H.

623 reduction of digits method e eoexo.
JeSS 33(.3"5%)@3 NEVRI Practice Z3anodd $&Harsd 8% KodRD TPOTRT° ToETd.

1 $o0&0E B85S (Reduction Method)
28 552606‘550 @085 dogy BwE) rHBer) EOD VIE ‘07 Sy Swed;
o 616 - 7 3 $58808, D38 F) 655 WADS Soagd (@R Srnsiaed.
616 + 14 = 630 ~ 63, 73 gPAODHED; SPHS 6163 grACHDE.
1 & HEB O (HEed SomgSTe $B08.

&P : 29393 £ 7, 13, 17, 1908 $88903508.

a) 7 : 29393 + 7 = 29400 ~ 294
294 -14=280~28, 7/28— 7/29393
b) 13 ; 29393 — 13 = 29380 ~ 2938

2938 + 52 = 2990 ~ 299
299 -39 =260~ 26, 13/26 — 13/29393

C) 17 : 29393 + 17 = 29410 ~ 2941 — 51 = 2890 ~ 289
289+ 51 =340~ 34, 17/34 — 17/29393
d) 19 : 29393 + 57 = 29450 ~ 2945 — 95 = 2850 ~ 285

285+ 95 =380 ~ 38, 19/38 — 19/29393
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(iv) ALGEBRA

Discussion Points :
e Roots- n" root of anumber
e  General termsin algebraand polynomials

Factorizing the quadratic, cubic, quartic polynomials and the nature of the zeros of
polynomials (roots of polynomial equations) - Relation between coefficients and roots.

Words for operations

Roots - n'" root of a number :
e Root istheinverse operation of exponent.
e Ann"root “undo” raising anumber to the nth power, and vice-versa.

e  Thecommon exampleisthe square root, which “undo” the act of squaring.

Example:-
e Take3andsquareitto get 9.
e Now take the square root of 9 and get 3 again.

W F=9=%9=J9=3and(-3)"=9=¥9=1/9=-3
~J9=23

e Itisalso possibleto have roots related to powers other than the square.

Example:-
e Thecuberoot, for example, isthe inverse operation of rising to the power to 3.

e The cuberoot of 8 is2 because 2° = 8.
~2=8=>%8=2and (-2 =-8=Y-8=-2
~Y8=2ad¥8=-2:Ya*=za and Y-a°=-a

o YR=2 ¥Y-32=-2

o 4625 =15

e Every positive number has two square roots, one positive and one negative.
e The positive root is called as principal root.

¢ |f theindex isan even number, then the root is both positive and negative.

e |f theindex isan odd number, then the root is same sign asthe number.
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> Ingeneral, the n' root of anumber x iswritten as: 1/x
Radical
Index n/ X
Radicand
Examples:

e Ingenerd,
x’ = z(x tothepower of yisequal toz) = ¥z =y (xth root z isequal toy)

n

m" = x (m to the power of n is equal to x) = Ux = m(nth root x isequal to m)

General termsin algebra and polynomials:

>

Variables:

e Lettersrepresent an unknown or general real number

e Often, we usethe letters x, y and z for variables.

e A letter that standsfor aphysical quantity: d for distance, t for time, etc.

Constants:
e A constant isanumber that isfixed and known.
. 2!
e Thefixed valuesaresuch as 2, 7, -34, = etc.
e Constants are usually represented by letters. a, b, ¢, n, e k

Algebraic expressions:

An agebraic expression isasingle term or combination of terms connected by
+sgnor—sign.

Example- 2x, 3%y —z, X + 4y — 2z etc.

Terms:
e A term canbeasgned number, avariable, or aconstant multiplied by avariableor variables.

e Eachterm of an algebraic expression isseparated by +signor—sign (Hereused single
vaiadle)

22 —3x + 4

N/

3 Terms
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e Coefficients are constant factorsthat multiply avariable or powers of avariable. Here,
2 isthe coefficient of x> and — 3 is the coefficient of x.

22 —3X + 4

N

Coefficients

Coefficients

Factors
e Factors are terms multiplied together.

e |If afactor is positive, then automatically its additive inverse is aso afactor.

2% —-3x+4 2% —-3x+4 2% —-3x+4
2, X, x¥andaso 1, 2x,2¢¢ |3, xandasol,-3x | -1,2,4:anddsol, 2, 4

Polynomial:

e A polynomial is an algebraic expression ax" in which the power of the variable is a
positive whole number. If nisthe largest exponent in the polynomial expression, then
a=z0.

Polynomial notation:

The polynomial in single variable x is often referred as P(x).

The value of the polynomia P(x) at x = aiswritten as P(a).

P(a) is evaluated by substituting ain place of x in the expression P(x).

If P(X) isapolynomial and P(a) = O then (x —a) isafactor of P(x).

If the polynomial taken asafunction of x, theny = f(x) = p(x)
Classification of polynomials:
e Thedegree of apolynomial isthe highest power of the variable.

e For example, linear polynomials have degree 1, quadratic polynomials have degree 2
and cubic polynomials have degree 3.

e Theleading termistheterm containing the highest power of the variable.
e |If the coefficient of the leading term is 1 then the polynomial is said to be monic.

e The constant term isthe term that does not contain the variable.
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» General form of polynomialsand polynomial equations:

S.No. Name of the polynomial / General form of polynomial /
Polynomial Equation (in one variable) Polynomial Equation

1. Linear Polynomial p(x)=ax+b,a#0
Linear Polynomia Equation ax+b=0 a=#0

2. Quadratic Polynomical p(x)=ax’ + bx+c,a#0
Quadratic Polynomia Equation ax’* +bx+c=0,a#0

3. Cubic Polynomia p(x)=ax’ +bx* +cx+d, a#0
Cubic Polynomia Equation a+bx*+cx+d=0,a#0

4, Quartic Polynomial p(x) =ax*+bx’ + cx’ + dx+e a=0
Quartic Polynomial Equation ax’ +bx®+cx* +dx+e=0, a=0

5. n™ Order Polynomial p(X)=aXx"+ax " +..+a, a0
n" Order Polynomial Equation aXx"+axt+.+a =0 a=#0

» Degreeof apolynomial: Thehighest exponent (power) of the variableisthe degree of the

polynomid.
S.No.| Nameof thepolynomial | Degree of a Example
polynomial
1 Zeropolynomid Not defined 0
2 Congtant Polynomia Zero -12; 5; 3/4
3 Linear Polynomid 1 X+ 12, -7x+ 8;ax+ b (a z 0)
4 Quadratic Polynomid 2 2+ T7x+4
5 CubicPolynomid 3 -2 +5x+7
6 Quartic Polynomia 4 X+ -—22+5x+7
7 | n"Order Polynomial n aXx'+ax "t +..+a =0 a=#0

e Zerosof the polynomia = Rootsof the polynomia equation
e If p(x) =0, then x valuesrepresent zeros of polynomial or roots of the polynomial.

e Zeropolynomia isthenumber zero (0). But, thezerosof the polynomia aretherootsof the
corresponding polynomia equation.

% Factorizingthequadratic, cubic and quartic polynomials. Here, we discuss sometypes of
finding the factors of quadratic, cubic and quartic expressions.
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» Testing the polynomial whether x+1 or x-1 is a factor by observation with simple
addition of coefficients:

> If the sum of the coefficients of a polynomial is zero, then (x — 1) is a factor of the
polynomial.

o Letp(x)=ax’ +bx+c, a= 0and (x-1)isafactor of

p(x) = p()=0= a+b+c=0

o Let p(x)=a +bx*+cx+ d, a# 0and (x— 1) isafactor of

p(x) = p()=0 = a+b+c+d=0

o Let p(Xx) = ax* +bx’ + cx* + dx+ e a#0 and (x— 1) isafactor of

p(x) = p(l) =0 = a+b+c+d+e=0

» If the sum of the coefficients of even power terms is equal to the sum of the
coefficientsof odd power termsthen (x + 1) isafactor.

o Let p(X)=ax’ +bx+c, a# 0 and (x + 1) isafactor of

p(x) = p(-1)=0 = b=a+c

o Let p(x)=ax’ +bx*+cx+ d, a# Oand (x+ 1) isafactor of

p(x) = p(-1)=0 = b+d=a+c

o Let p(x) = ax*+bx’+cx* +dx+e a=0and(x+ 1) isafactor of

p(x) = p(-1) =0 = b+d=a+c+e

» Factorizingthequadraticexpression p(x) = ax_ +bx + c, (a #0). Wecanfindthezerosof
quadratic expresson (roots) inmany wayssuch as S mplefactorization, Using identities, Splitting
themiddleterm, Using Discriminant Formulaetc.

» Simplefactorization (By making common factor):

¢ Thefactorization made asthe operation of separating al the common factorsto thetermsof
theexpression.

Example: x> —6x = x( X — 6)
o 2¢+12x=2Xx (X + 6)
» Usingidentities: Comparing withidentities, we can find out thefactors.
Example: Using theidentity X2 —y? = (X-y) (X+Y)
o 9*—25=(3x)?—-(5?=(3x—5) (3x+5)
o 16X —49=(4X)" —(7)2=(4x—T7) (4x +7)
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» Splittingthemiddleterm:

e Wemust first separate the middle term bx into two parts. To do this, we must find two
numbers, mand n, such that

e Theproduct ac = the product of factors mn.
e Thesum of thetwo factorsm+ n= Coefficient of middietermb.
Example: Find thefactorsof the quadratic polynomia p(x) = function f(x) = 3x?—x-10.
The coefficientsarerespectively a=3,b =—1and c =-10.
e Theproduct ac = (3) (-10) =-30
e Check the product of thefactorsacisequal to some of thetwo factors.
Finding the factors of 3x* —x—10; a=3,b=-1, c=-10; ac = (3) (-10) =-30
e ac=-30=1x-30and-1x30 =1-30=-29 £band-1+30=29 £ b
e aa=-30=2x-15and2x15=2-15=-13 #band-2+15=13 £ b
e a=-30=3x-10and-3%x10 = 3-10=—7 % band-3+10=7 #b
e a=-30=5x—-6 and-5x6 =5-6=-1=bbut-5+6=1%0Db
e Hence, —x can be split as5x and —6x, which issatisfied.
e Then 3x*—x-10= 3x*+5x—6x—10
=X (3x+5)-2(3x+5)
=(x—2) (3x+5)

» UsingQuadratic Formula:
e Using thequadratic formulafor p(x) =0.

—b + Vb? - 4ac

e X= >a , Where b? — 4ac isthe discriminant which indicate the nature of the

roots, usually denoted by D.

» Example: Find the zeros of p(x) = 6x—17x + 12.
e Solution:
e Given p(x) = 6x?—17x + 12 comparing with ax? + bx + c.
Herea=6,b=-17andc=12

b gac _~(-17)¢ J(-17) - 46.12

2a 2.6

_ 17+ 289-288
12

17+J1 18 16 3 4
= =— o —==0r—
12 12 12 2 3
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% Nature of theroots of the quadratic polynomial equation:

e There are 3 cases about a set of expressions in the Quadratic’s coefficients that
discriminate between all cases.

1. Two distinct real roots < D>0
2. Double root D=0
3. No real roots = Two complex roots < D <0

e Thegraph of aquadraticequationif a>0,a<0and a=0: Thegraph of aquadratic
equationiscaled aparabolafor a>0and a<0.Buta=0, it representsastraight line.

If a> 0, then its vertex points If a <0, then its vertex points If a=0thegraphisnot a
down:pxX)=2(x—-1)*+3 up: p(x) =—x2+4 parabola and a straight
=2 —-4x+5 line: p(x) =2x-1

- ¥ 4
) = 20x- 172 +3 fbg = -2 +4 ]

yint=0,5) y-int= (0, 4)

%-int= none

vertex = (0, 4) 1 y=2x-1

®-int= (-2, 0) and (2, 0)

I AN

a=1<0
a=2>0 |axis of symmetn opens down
opens up Y x=1

“Taxis of symmetry / x

D

» Quadratic Polynomial Equationsand their solutions: The 3 cases of discriminant D is
Illustrated below graphically a ong with solutions.

X¥-2x-3=0 X¥—-6x+9=0 X¥+3x +3=0
L (-2)° - 4(-3) NELE: (-6)" -4(9) L3t (3°-4(3)
B 2 . 2 B 2
2% \[4+12 _ 6+./36-36 _-3%,9-12
B 2 a 2 a 2
=21J1_6=2J_r4 =Gi«/6=6i0=3 =—3iJT?,

2 2 2 2 2
=__2’§=_1’3 =—§iﬁ

2’2 27 2

e A positivenumber ingde e Zeroinsdethesquare ¢ A negativenumber ingde

the squareroot = D >0 root = D=0 thesquareroot = D <0
e Twodigtinct real-number e One(repeated) real- ¢ Nored-number solutions
olutions number solution
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Associated functionsand their graphs

y=x"-2x-3 y=x"-6x+9 y =X +3x+3

X
e Tow distinct x-intercepts | o One (repeated) x- e No x-intercepts
intercept
e Two distinct real-number | e One (repeated) real- e No rea-number solutions
solutions number solution

» Factorization of cubic polynomials. There are many methodsto find out factors of cubic
polynomials. Among them, somemethodsare discussed here.

e Factorization by using algebraicidentities(special products): If thegiven polynomial
isintheform of identity, then thefactorsare easy to find out by comparing withidentity.

Example:  Factorize 8x* + 36x%y + 54xy” + 27Y°.
Solution:  Thegiven expression can bewrittenas

8x° +36x2y+54xy? +27y° =(2x)’ +3(2x)" (3y)+3(2x)(3y)" +(3y)’

Comparingwithidentity (x+y)® = x*+3x?y+3xy* + y°,
weget = (2x + 3y)?
= (2x + 3y) (2x + 3y) (2x + 3y).

Other Examples:
Sum of Two Cubes Example
a’+b’ = (a+b)(a’ —ab+b?) X +8=x3+2°
= (x+2)(x2—2x+4)

Difference of Two Cubes Example

3

a*-b? :(a—b)(a2+ab+b2) 27¢ - 1= (3)°-(1)°

= (3x - 1)(9x2+3x+1)
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e Factorsby Grouping: By grouping of theterms, thefactorswill befind out inthismethod.
Observethe Example:

Factoring by Grouping

Thisisby far the nicest method of thetwo, but it only worksin some cases. Consider the
polynomia p(x) =x®—4x? + 3x — 12.

Wegroup thefirst two termsand thelast two termstogether : p(x) = (¢ —4x?) + (3x—12).
and then we pull out the common factors: p(x) = x3(x—4) + 3(x—4).
Noticethat thesetwo termshave x —4 in common so factor it out : p(X) = (X—4) (2 + 3).

X2+ 3isanirreduciblequadratic, soit cannot befactored into real terms. However, wecan
usethe quadratic formulato solvefor theroots.

e FactorsUsingtheRational Root Theorem: By using Rational Root Theorem, we can
find out factors. Observethefollowing.

» FactoringUsingtheRational Root Theorem

e TheRationa Root Theorem saysthat the possiblerootsof polynomid arethefactorsof the
last term divided by thefactorsof thefirst term.

. Thepossiblerootsfor factoring the n order polynomial
p(X) = aX"+ax" " +..+a,,8, #0 are

;. Factors of coefficient of last term _ . Factorsof a,
B Factors of the first time ~ Factorsof a,

Example: Find thezerosof thepolynomia p(x) = 3x°+2x* -11x—10
Solution:

e Thegivenpolynomia p(x)=3x" + 2x* —11x - 10

: 12,5 2.5
. Thenposﬂblezerosofp(x)are—ﬁ—+ L323 3

e Firsttestfor zeroof p(1) & p(-1):
e a+b+c+d=3+2-11-10=-16+# 0 = (x—1)isnotafactor.

e a+c=3-11=-8&b+d=2-10=-8=a+c=b+d= (x+1) isafactor,

using syntheticdivison.
3 2 -11 -10 Xx=-1
-3 1 10
3 1 10 0 |
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OR
Longdivision
3x%-x-10

x+1) 3x3 + 2x% — 11x — 10
3x3 + 3x2

C 3¢+ 2x2 -11x-10
N X +1

(3x2—x—10)

- p(X) =3x° +2x* ~11x~10 =(x+1)(3x* - x—10)
Now,

3x? —x—10 = 3x* - 6x+5x—10 = 3x(x—2) +5(x—2) = (3x+5)(x—2)

. Pp(X) = 3x*+2x* ~11x—10 =(x+1)(3x* - x~10) =(x+1)(3x+5)(x~2)

For Zeroesp (X) =0
= (x+1)(3x+5)(x-2)=0
Xx+1=0 3X+5=0 x—-2=0

. 5 _
X=— 3 X=

5
-, Zerosof p (x) are 3 -1, and 2.

1. Usinggraphsto solvecubic equations:

If we cannot Gind asolution by these methods, we can use graphical method. By drawing
graph of the cubic expression, wecanfind at least limited accuracy points. The pointswhereit
crossesthe x-axiswill givethe solutionsto the equation but their accuracy will belimited tothe
accuracy of thegraph.

Example: Solve x® + 4¢ + x =5 =0.



Solution:
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e Now thisequation will not yield afactor by any of the methods that we have discussed.

e |dentify thepoints.

X -2 -1

0 1

2

y 1 -3

-5 1

21

e Soagraphof y=x3+ 4x? + x— 5 has been drawn as shown in Figure 5.

y A

i 1B 2% »

Figure 5.

y=x'+4x*+x—5

e |t crossesthe x-axis at three points and hence there are three real roots.

e Their accuracy will be limited to the accuracy of the graph.

e From the graph, we Gind the approximate solutions such asx =—3.2,-1.7, 0.9.

» Natureof thezerosof cubic polynomial (Rootsof cubic polynomial equation):

e Just asaquadratic polynomia may havetwo red roots, so acubic polynomial haspossibly

three.

¢ But unlikeaquadratic equationwhich may haveno red solution, acubic equation awayshas
at least onereal root. Why? (If aroot of apolynomial isnot redl, it indicates at least the
expression hastwo complex roots)

¢ |f acubicdoeshavethreeroots, two or even all three of them may berepeated. Thisgives

usfour posshilitieswhich areillustrated inthefollowing examples.

e Thereare4 casesabout aset of rootsfor Cubic’sequation.

1. Threedistinct real roots.

2. Doubleroot and adistinct third root.

3. Tripleroot.

4. Onereal root and two complex roots.
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The 4 cases illustrated below with graphically.

A
3

2
1

Figure 1. The graphof iy =17 = 62* + 11x - 6.

—

N

w
=

/

x—6x2+ 11Xx—6 = (X—1)(Xx—2)(x—3).
It has three real roots. The curve crosses
the x-axis three times at x = 1, x = 2 and
x = 3. This gives us our three separate
solutions.

=5 +8x—4=(Xx-1)(x-2)2. Inthis
case, there are three real roots but two of
them are the same because of the term
(x=2)2. So we only have two distinct
solutions.

¥ A

J=

= N W

=Y

1 3
1

X —=3x +3x—1=(x—1)3 It has one real
root. It has three repeated roots. So we only
have one solution.

X+x2+x-3=(x—1)(+2x+ 3). It has
only the single real solution at x = 1. The
quadratic x2 + 2x + 3 = 0 has no real
solutions.

» QuarticPolynomials: (4th degree)

A polynomia p(x) = ax’ + bx® + ox® + dx +e, a = 0 iscalled asquartic or fourth degree
polynomial. Observe some of the methodsto find out thefactorsfor quartic polynomials.
»  Difference of Squares

e If thequartic equation is also a difference of squares; then it can be factored just like a
difference of sguares can be factored. A difference of squares comes in the form of
a2 and factorslike (a+ b) (a—b).

Problem: Factorize p(x) = x*—81
Solution: p(X) =x*—81=(x*+9) (¥*—9) = (x*+9) (x—3) (x+3)
Moreover x2+ 9 can be factorized as (x + 3i), (x—3i), i.e X+ 9 has two complex factors.
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» When QuarticLook Like Quadratics:

Sometimes quartic equations can ook like quadratic equations and have threeterms. If
aquartic has aterm raised to the forth power, aterm raised to the second power, and a
constant; it can substitute x> with another variableand thentreat it likeaquadratic. If X2 is
replaced by another variable such asr, t ... thenit appearsto beaquadratic.

Quadratics are polynomia sthat have adegree of two and can be solved with avariety of
methodslikefactoring, completing the square, or using the quadratic formulaaswe have
discussed eaxlier.

Example: Factorize 6x*— 35x2+ 50

Solution: Thegiven polynomia hasthreeterms, afourth power, asquare, and aconstant.

Replacing X2 withthevariabler.
Then r2=x*
So, 6x* — 35%2+ 50 = 6r2— 35r + 50 = (2r — 5) (3r — 10)
Remember that r = x2.
Hence, 6x*— 35x?+ 50 = (2r —5) (3r — 10)

= (2¢¢-5) (3x*-10)
Therefore factorsare (2x2—5) and (3x°— 10)

» Natureof Quartic Polynomial equation :

There are 9 cases (Why 97?) about a set of expressions in the quartic’s coefficients that
discriminate between all cases.

1. 4distinct real roots.

2. 3distinct real rootswith one of them being adoubleroot.
2 distinct doublerootsbothreal.

Tripleroot and adistinct fourth root.

Quadrupleroot.

2 distinct real roots and two complex roots.

Doublereal root and 2 complex roots.

2 doubleroots both compl ex.

© ®© N o g bk~ W

Four distinct complex roots.

» Relation between coefficientsand rootsof polynomial equation

Polynomial p(x) Relation between coefficientsand roots
If o and g areroots of roots of 1 a+fB= _b
quedratic Polynomid Equation
p(x) =ax*+bx+c=0,a#0 5 0:,5:3
a
If «, B and y aretherootsof cubic L oa+f+y=—2

Polynomid Equation
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p(x) = ax’ + bx* +cx+d=0, a=0

c
2. aﬁ+ﬁv+va=a
d
3. offy=-—
a
n
o=Xo, =o,+o,+..+, -_a
If &, @, a,....,,aetherootsof n | 1. 5% 7=A = ATETTEG T
Order Polynomia Equation . 4
Saa, =2 = =2
p(x) =aX"+aX " +..+8,=0, g,# 0 2. 200, = 20005 = 000G+ 006 + ..+ &40 2
n-2 a3
3. E’la‘lawlanz = 0400+ 0060, + .+ O 00 10 = _g

Product of all roots

>

&= Ny =ao,aa,

X/

% Wordsfor operations:

should be taken only as a guide, not as absol utes.

Note: The English language is notoriously imprecise, and these suggested translations

plus “anumber plus 2’ X+2
and “3 and anumber” 3+n
Addition added to “8 added to a number” X+8
greater than “3 greater than anumber” n+ 3
mor ethan “3 more than anumber” y+3
increased by “anumber increased by 2” y+2
total “thetotal length” I, +1,
sum of “The sum of length and width” | +w
times “5 timesanumber” 5n
minus “anumber minus2’ X—2
difference “the difference between anumber and 8’
Subtraction between X—8
from “2 from anumber” n—2
less “anumber less 3" n-—3
less than “3 lessthan a number” y—3
fewer than “2 fewer than anumber” y—2
decreased by “anumber decreased by 2” X—2
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take away “anumber take away 2’ X—2
Multiplication| product “The product of 3 and anumber” 3y
at “3at 1.59 3x 159
double, triple, etc. *“double anumber” 2X
twice “twice a number” 2y
3
of (fractions of) “three-fourths of a number” Z Xn
o : . S
Divison quotient of “The quotient of 5 and anumber” n
n
Half of “half of anumber” 5
. _ _ 6
goesinto “anumber goesinto 6 twice’” P 2
. 8
per “ThepriceisRs 8 per 50” P =§
Equals I's, isthe same as, gives, will be, was, is equivalent to

(v) Mathematical Reasoning - Geometry and Proofs

Inductive Reasoning

Asachild youlearned by experimenting with the natura world. Youlearned how towalk, talk and al
other lifeactivitiesby trial and error. You cameto know that moving bicycle keepsthe balance. Most of
your learning has been by aprocesscalled inductiver easoning.

Inductiver easoningisthe processof observing data, recognizing patterns, and making generaization
from your observation.

Mathematicsisalso rooted ininductivereasoning. It began long agoin Babyloniaand Egypt. It was
acollection of measurements and simple proceduresthat seemsto givereasonably correct answersto
practica problems. These proceduresweregenerated over agreeter period of timeasaresult of experience
and observation.

Itisnot only important inlearning mathemeatics, most scientificinquiry, including mathematica inquiry
beginswith inductivereasoning, thegeneralizationiscalled Conjecture.

Much of thereasoning consistsof three stages.
1. Look for apattern
2. Makeaconjecture
3. Verify the conjecture
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Ex:- Thesum of first 'n' odd positive integers.
First odd positive integer 1=1°
Sum of thefirst two odd positiveintegers 1+3=4=22
Sum of thefirst three odd positiveintegers 1+3+5=9=3
Sum of thefirst four odd positiveintegers 1+3+5+7=16=4?
Conjecture: The sum of thefirst n odd positive integersis n?.

To prove that a conjecture is true, you need to prove it istrue in all cases. To prove that the
conjectureisfalse, you need to provide a single counter example.

A counter example is an example that shows a conjectureisfalse.
Ex:- A Falseconjecture

We wish to divide a circle into regions by selecting points on its circumference
and drawing line segments from each point.

O O 9 &

One point Two points Three points Four points
Oneregion Two regions Four regions Eight regions

Itisnatural to conjecturethat if we havefive pointsthere would be sixteen regions and with six
points we would get 32 regions. However we get 31 regions not 32.

P =1 Sol. we can see in Pascal < 1.
| 2 | :2
I 3 3 | ~ g
a6 4] = 16
‘5 0 0 5/ = 31 (32-1)
Il 6 5 = B5/6 | =59 (64-7)
7 2 B B /A 7 1 =99 (128-29)

Ex: 1) Unproved Conjecture

In 1742 Christian Goldbach made a conjucture that even number greater than 2
can bewritten asthe sum of twoprimes.

4=2+2 10=5+5=7+3
6=3+3 12=5+7

8=5+3 14=7+7=3+11. Many believethat it isture but,
nobody provedtill today.

2) Recently by observing primenumbers

@2, 3,5,7, 11, 13, 17, 19, 23, 29, 31, 37 ... it is conjectured that no two
conjective primesend with samelast digit.
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Examples: Observe and Conjecture

1) 2 =2
2+4 =6
2+4+6=12

Observethe triangle. What pattern it following.

It is used to write power series.

2) + 2°+...+n°=](n)

1

| 1+2+...+n:1(111)+1(r21)

| 3 5 2+ 22+...+n2:1(r11)+3(r21)+2(n)

3

|7 12 6 13+23+...+n3:1(r11)+7(r21)+12(r31)+6(r2)

I 15 5 0 A4 14+24+...+n4=1(r11) +10(r21)+50(n)+60(51)+24(g)

3

Geometry Basics

Every mathematical system consists of fundamental elements, undefined terms, defined terms,
axioms and theorems. In real number system fundamentals are provided by set of real numbers.
Number and set are undefined terms.

To understand geometric system, first we must understand the principles used to build the system.
Geometric space is not physical space, but it is a system of ideas suggested by our experience with
physcial space.

Geometric system begin with undefined terms points, lines and planes. To understand these we
should have some physical modelsin our mind. For point a period used at the end of asentence'.' a
dot. Thisgivesusan ideathat it has position and no dimension. Railroad track seemingly endlessin
both direction can be used for line to show it extends in one dimension. For plane looks like a desk
top or wall, it extends in two dimensions.

The axioms are unproved statements accepted as true within the contest of a particular
mathematical system. For examplein real number system we have equality axioms.

a=a (Reflexive law)

If a=b then b =a(Symmetric law)

If a=band b =cthena=c (Trangtivelaw)
In geometry we have

There exists sets of infinitely many points called lines and each two points belong to exactly
oneline.
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This axiom does not define lines; it states that there axiom gives a quality of straightness to
lines. If line could be curves, then two lines could interesect at two points A amd B.

Euclid stated ten assumptions. He called five of these postul ates; the other five common notation
or axioms.

Euclid'sPostulates

Euclid'sCommon Notations

1

Itispossibleto draw astraightlinefrom any
point to any point.

It ispossibleto extend astraight lineinfi-
nitely inether direction.

It ispossibleto draw acirclewith agiven
centreand radius.

4. Allrightanglesareequal.

. Thingswhichareequa tothesameareequa

to each other.

. It equalsare added to equalsthe sums are

equal.

. Itequal are subtracted from equalsthere-

maindersareequdl.

. Figureswhich coincide with each other are

equal.
10. Thewholeisgreater than any of itsparts.

5. Iftwodtraighltlineslyinginaplanearemet
by another lineand if the sum of theinterior
angles on one side is less than two right
angles, thenthegraight linesif extended will
meet onthat side.

Thefifth postuate is known as parallel postulate becuase it islogically equalent to : Through a
given point not on agiven line there passes at most one line which is parallel to the given line (play
fair axiom).

Non Euclidean Geometry

In ancient times people believed that theworld isflat, so it isnatural that Euclid drew geometric
figureson aflat plane. The shortest distance between two pointson aplaneis (straight) line segment,
however on a sphere the shortest distance between two pointsisan arc of agreat circle. Thereforein

spherical geometry, wethink of alineasagreet circle.
N (:9)
Not a
/) great
circle

There are no parallel lines in
sperical geometry, as any two great

. circles intersect in two points. Gred circles
Grestcircle :
The shortest distance Intersect at
points Pand Q

between A, Bisan arc
of agreat circle.

Notice that what we consider to be lines and what properties they have depends on the surface
on which we are drawing the lines.
Games are played according to the rules specifed.

By changing just are one rule, a game completely different. Geometry may be compared to a
game - the postulates areitsrules. If we change even one postulate, a new geometry will be created.

Mathematician devel oped non-Euclidean geometry. First they tried to prove fifth postul ate by
making it atheorem. Asthey failed they tired to deny it. If deny there are two possibilities.



givenline.
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1) Assume that for aline and a point not on that line there are no lines parallel to the

2) Assumethat for alineand apoint not onthat linethere are at |east two lines parallel to
thegivenline.

Thefirst approach led to the spherical geometry mentioned above developed by Riemann

T

L abachevsky and others developed a geometry using
the second approach. It can be visualized on the surface of

pseudosphere.

Itislike the bells of two trumpets joind together.

A

@

If we draw triangles on the sphere
using greater circles one of which is equator, we get atriangle A
having two right anglesat B and C leading to sum of the angle of

Y ——
—

psedosphere

triangle exceeding 180°. C
On pseudosphere triangles have sum of the angles less than 180°.
Here is a comparative table. B
Euclidean L obachevskian | Riemannion

Two distinct lines| at most one at most one one (single elliptics| point

intersectin two (double €eliptic

Givenline'l"and oneandonly | aleasttwolines | nolines through'P

point'P noton| oneline parale to'l'

thereexist

Aline IS IS isnot separated into
two partsby
apoint

Pardld lines areequidistant | arenever donot exist

equidistant

If alineintersects | must may ormaynot | — intersect the

oneof twoparalée other

lines,it

Twodidinctlines | arepardld arepadld intersect -

perpendicular to

thesameline

Theanglesumof | equal to lessthan greater than 180°

atriangleis

Theareaof a independent proportional to proportional to of itsangle

triangleis thedefect theexcess am

Twotriangles amilar congruent congruent

withequal

corresponding

angles are
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Pr oof

I ntroduction

The most striking differencein the geometery studied in the primary level and secondary level
Isemphasis on proof in secondary level. To prove some thing means to explain why it must be true.
In mathematics such explanation taketheform of chain of reasoning. For that welook at the statements.

A statement is a sentence which is either true or false but not both true and false.

Examples: (a) Truestatements
10+3=13
Thesquareof every eveninteger iseven.

(b) Fasegtatements
n=3
n=34.

(¢) Sentencesnot statements
Xx+3=9

| f-then statements: Consider the statement.
If it rains, then theground getswet.

The'if ' part of the statement (it rains) iscalled the hypothesisand the ‘then’ part (the ground getswet)
iscaled the conclusion of the statement. Statementsinif-then form, or the statementsthat can berephrased
into such form are called statements of implication or conditional statements. In symbolicformof itis
"if pthenq" where p denoteshypothesisand 'q’ conclusion.

Ex If band c arereal numbers, thenb + cisareal number.
Hypothesisb(p) and c arereal number.
Conclusion b(q) + cisareal number.
Insymbolicformif'p'theng p =q

Itissometimesnecessary to rephraseagtatement into if-then form. To give samemeaning occasiondly
wemay haveto revisethewording. First identify hypothesisand conclusion.

Ex @& Allbirdshavefeathers.

Sol. If ananimal isabirdthenit hasfeathers.

b) Twoanglesaresupplementary if they arealinear pair.

Sol. If twoanglesarelinear pair thenthey are supplementary.
Exercise: Rewriteinif-thenform.

1) All90°anglesareright angles.

2) 2x+7=1becausex=-3

3) Whenn=9,n?=81
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Reading implications :

There are many different ways of reading the statement p = @.

(i) Itpthenq (i) pimpliesq @) qifp (iv) ponlyifq
(V) gwherever p  (vi) pissufficient for q (vii) qisnecessary for p
Negation :
The denial of astatement is called the negation of that statement not-p denotes negation of p.
p not p or ~p

The ball isred The ball is not red
The cat is not black The cat is black
4=3 Itisnot truethat 4=3,4 # 3

Verifying Satements

Conditional statements can be true or false. To show that a conditional statement is true,
we must prove that the conclusion istrue every time the hypothesisistrue. To show it false we give
only counter example.

Related Conditionals
To write the converse of a conditiona statement exchange the hypothesis and conclusion.

To write the inverse of aconditional statement, negate both the hypothesis and conclusion. To
write the contra positive first write the converse and negate both the hypothesis and conclusion.

Conditional Statement : If m<A=70°then /A isacute. é————]

Converse : If /A isacutethen m<A =70°. :both } both
Inverse : If m< A= 70° then ~A isnot acute. fdse | true

Contra positive :If A isnot acutethen m<A = 70°. Q

Equivalent Statements

A conditional statement and its contrapositive are either both true or both false. Similarly the
inverse & converse of aconditional statement are either both true or both false.

When two statements are both true or both false they are called equivalent statements.

Definitions : We can write a definition as a conditional statement in if-then form or as its
converse. Both the conditiona statement and its converse are true.

Ex: Subset
1. If set A isasubset of B, then every element of A isalso an element of B.
2. If every element of set A isalso an element of set B, then A isasubset B.

The statements "Set A is asubset of B" and "Every element of A is an element of set B" are
equivalent statements and may be used interchangeably.
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Biconditional Satements :

The phrase if and only if (abbreviated iff) refer to a statement together with its converse "p if
andonlyif q".

Thismeans
1. pistrueif gistrueand or If pthengqand
2. pistrueonly if gistrue or If not —qthennot—p

or
If gthen pandif p theng.
Conseguence of Axioms

A statement that can be shown to be alogical consequence of axioms and definationsisa
theorem. After showing that a statement in such logical consequence, we say that the theorem has
been proved.

A lemma isatheorem which is proved and then used in the proof of another theorem.

A theorem easily deduced from another theoremisacorollary.

Deductive Reasoning

Theinductive reasoning employed in examplein the beginning lead from many particular
casesto agenera conjecture. Which may or may not be true. To seeif our discoveries are
logically consistant we use other reason deductive reasoning.

Deductive reasoning (logical reasoning) is the process of demonstrating that if certain
statements are accepted astrue, then other statements can be shown to follow from them.

We will use inductive reasoning to make discoveries and deductive reasoning to show that the
discoveriesarelogically cons stant with each other.

Ex: We have established " product of two oddsisodd". Wededuce 3-5 =15then 15isodd.
Ex: If AABCisequilateral thanm ~ A =60°
m/A # 60°
Therefore AABC isnot equilateral.
Typesof Proofs

Therearethreebasi ¢ approachesto provelogica arguments. (i) direct proofs(ii) indirect proofs(iii)
conditiond proof.

(i) Direct proof
Many statementsintheform p = q. Indirect proof webegin'p'istrueand deduceq.

Ex.1 For positiverea numbersaandb,a<b = & <b?

For constructing proof we summerisewhat isneeded in given-goa diagram.
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Given Goal

a, b positive real numbers. a<b o &<b?

If we add an implication to the hypotheis. We get

Given Goal
a, b positive real numbers & < b?
a<b

We have & and b? in our goal this suggests multiplying the given inequality through
by aand by b.

Thus
a<b = &<ab anda<b = ab<b?

as both 'a and 'b' both positive. Using transitive properly we get i.e.,
Z<abandab<b?® = &<b?
Ex.2 Forrea numbersaandb,a<b = 4ab < (a+ b)®

(Inthe example from a< b to get 4ab < (a+ b)? we have to find the route to
reach god. In such situation we approach the problem from goal to giveni.e. we

construct proof backward.
Given Goal
a, brea numbers 4ab < (a+ b)?

a<b

Theregoal ismore complicated how to reachit. We start s mplifying complicated part

4ab< (a+h)? = 4ab<a+2ab+b?
= 0<&—2ab+b?
= 0<(a—h)?
— azb
= a<b

Hencea<b = 4ab<(a+ b)?

We present the proof asfollow

Proof : a<b = a-b=z0 :O<(a—b)2

= 0<&—-2ab+Db?
— dab< &+ 2ab+
= 4dab<(a+b)?
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(i1) Proof by contradiction (I ndirect proof)

In some cases direct method wouldn't work. Specially when we are proving negative
statement. The stepsin applying the method are

1. Assumethat the alterative to be tested is true.

2. Show that this assumption leads to a statement that contradicts some defination,
axiom or previoustheorem or the hypothesisitsalf. If we can establish such contradiction then
thealterative being tested can't be true and must there befal se.

Ex.l Given AB = DE, BC = EFandAC>DF
Provem<B>m<E.
Sol.  Assumethat m<B 3 m < E. Thenitfollowsthat
m<B=m<Eorm<B>m<E
Case (1) Ifm<B=m<Ethen AABC = A DEF by SAScongruency.
.. AC=DF
Case(2) If m<B<m<EthenAC<DF by Hingetheorem.

Both conclusions contradict the given information that AC > DBF so our
assumption m < B ¥ m < E cannot becorrect. Thereforem<B>m>E.

Ex.  Provetheredo not existsintergersmand n such that 14 m+ 20 n=101.
Hencegcd of 14and 20is2. = 14miseven aso 20n
14m+ 20niseven.
(iii) Proof by Induction

The"induction principl€"’ technique particularly useful when proving statementsabout the
positiveintegers.

Itisuseful to prove some property holdsto positiveintegers1, 2, 3... isdifficult. This
principlesworksasthe positiveintegersarein sequence with any number obtainable by starting
fromthe number 1 and adding 1 toit enough times. Theideaispreuse, asfollows

Supposethat P (n) isastatement involving ageneral positiveinteger 'n'. The P
(n) istruefor dl postiveintegers1, 2, 3.....is

(1) P(1)istrueand
(2) P(k) = p(k+1)foral positiveintegersk.
Ex. Fordl postiveintegersnwehave n < 2".
Proof : Let usbegin comparing nand 2"for some particular cases.

n |1 2 3 4
> | 2 4 8 16

We seeresault holdsforn=1, 2, 3, 4.
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Now, we check our principle.
It holdsfor P(1) as 1< 2

Now, let uscheck P(k) = P(k + 1)
Here P (K) isknown as Inductive hypothesis.
Now our problem reduces to

Given :K is positiveand K < 2

Goal : K+1< 24t
We have K <2k we get
K+1 <2+1

< 2+ Kk sno k-1
< 2+ 2%  inductivehypothesis
< 2.2
= k+1

Alternatively we start from other side.

261 = 2.2 > 2K inductive hypothesis

=k+k
=K +1

Syles of Proof
All theorem must be proved. There are various ways of writing and presenting the proof.
Two-column proof
A two-column proof has numbered statementsand reason that show thelogical order of an argument.

Ex.  Theangle bisector of vertex angle of an isoscelestriangle is also a median

to the base. C
, - _ _ 12
Given: INAABC; AC = BC and cp ananglebisector
of angle C.
Show: ¢p isamedian to base. A 3
Satement Reason
1. AC=BC 1. Given
2. D ishisectof /C 2. Given
3. Zl1=«2 3. Retination of angle bisector
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4. CD=CD 4. Reflexive property of congruence
5. AADC=ABDC 5. SASCongruency

6. AD=BD 6. CPCTC

7. Disamidpoint of Ag 7. Def. of mid point

8. .. CD isamedian 8. Def. of median

Paragraph Proof
Proof written in paragraph form called paragraph proof.
Here we give an example for both methods.

Theorem — Prove symmetric property of segments. X P
Given: PQ = XY

Prove. XY = PQ

Two-column proof !
Satement Reason
1. PQ=XY 1. Given
2. PQ=XY 2. Def. of congruent segment
3. XY=PQ 3. Symmetric property of equality
4. XY = PQ 4. Defination of congruent ssgment

Par agr aph Proof
Itisgiventhat PQ = XY . By defination of congruent ssgments. PQ=XY. By thesymmetric property
of equality XY = PQ. Therefore by the defination of congruent segmentsit follows XY = PQ.

Observethat intwo column proof statement iswritten first and reason given later. But in paragraph
proof reason written first and statement written later.

Flow chart proof

A concept map can help to plan and visualizelogical thinking. A flow chart isaconcept map that
shows step by step procedure through a complicated system actions are presented in boxes, arrows
connect the boxesto show theflow of the action.

Ex. Given AR = ER 5 E
EC = AC
C
Show: ZE = ZA A
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AR = ER
Given
EC=AC ARCE = ARCA > /E=/A

——

Given / SSC Congruency of CPCTC
— — As
RC =z RC

Logical reason is written below the box.

Geometric Proof & How to think over

Geometry began as collection of "rules- of - thumb" devel oped by Babylonians and Egyptians.
The rules were used measure land. They are results of trial and error method.

Logical reasoning started with Thales a Greek mathematicians used different chain of deductive
reasonings. Euclidinhis The Elements established asingle chain of deductiveargumentsfor all geometry.
Euclid started from collection statementsthat he regarded astrue (postulates). Then systematically he
domonstrated one after another geometric discovery could be shown logically from postulatesand his
previoudy verified conjectures (theorems).

The processof geometric proof issameasinlogic proofs, but their premisesare different.

Premisesfor geometric arguments

Definitionsand undefined terms.
Properties of algebra, equality and congruence
Postul ates of geometry

A WD PE

Previously accepted or proven conjectures.

The Process
How to plan aproof of a conjecture. There is a suggesion of steps you have to deall.

Task. 1. ldentify what isgiven and what you must show in the conditional statement.
Draw and label a diagram to go with the given information.

Restate what is given and what you must show in terms of your diagram.
Plan a proof. Organize your reasoning mentally or on a paper.

Draw aflow chart.

© a0k~ W DN

Write a proof (flow chart proof; two column proof or paragraph proof)
Here isan examplefor you

Conjecture: It both pair of opposite sidesof aquadrilateral are congruent, then the quadrilateral
Is a parallelogram.
Task 1 Identify what is given and what you must show
Given :Opposite sides of a quadrilateral are congruent.
Show : The quadrilateral is a parallelogram.
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Task 2

Task 3

Task 4
Plan :

Task 5

of diagram.

Draw and label a diagram.

Restate what isgiven and what you must show interms

P

Given :Quadrilateral PARE with PE = RA and PA = RE

Show: PARE is a parallelogram.

Plan a proof.

opposite sides are paralldl.

e We can shwo PARE is a parallelogram if the

P.
P

E

1
7

e Wedraw in diagonal pRr to get two pair of aterative interior angles and
hopefully, two trianglesthat are congruent.

e Ifwecanshow /1=,2 then PEJAR
e Ifwecanshow /3=,4 then PAER
e [fwecanshow APAR = AREP then £ 10 £2 and £3=./4 by CPCTC.

e How canwe show that two triangles congruent? By looking at what isgiven;
weseethat PA =RE and PE=RA . Also by reflexive property or congruency
PR=PR.

e Therefore, wecanshow A PAR = AREP by SSS.

Draw flow chart

E

Y
N

PE=RA

In

APQR = AREP

>l L1= /2

Congtruct
PR

PR = PR

Task 6

Two-column proof

Write proof

~Nl

L

/3=/4

L

PA [RE

%

PAREisaparaldogram

Satement

Reason

© N O M wDdDPRE

Construct pR
PA =RE
PE=RA
PR = PR
APQR = AREP
L1=/2;, L3= /4
PERA ; PAURE
PARE is a parallelogram

© N O O A~ WD

Linepostulate
Given
Given

Reflexive property of congruents
SSS

CPCTC

AlA postulate
Definition of parallelogram
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Exploring Geometric Figures
Rigid motions

Theact of taking an object and moving it from some starting position to someending positionwith out
atemping itsshapeor sizeiscalled arigid motion (isometry).

Thedistance between any two pointsx andy onthe
)M"’ e body; inthegtarting positionisthesameasthedistance
! el between the same pointsin the ending position. We

are only concerred with the net effect of the motion - where the object started and where the object
ended. What happensduring ‘trip' isirrelevant.

Two rigid motionsthat move an object from the same starting position to the some ending position
areequaent rigid motions.

O O@)

A reflection in the plane (which sometimescalled aflip or mirror reflection) isarigid
motion that movesan object into new positionthat isamirror image of the starting position. We
cal themirror lineastheaxiglineof reflection. e

1. Reflection

Reflection movesageneric point Pinthe plane, sothat its
imageisfound by drawing linethrough P perpendicular totheaxis
of reflection’l" and finding the point 'P onthe oppositesideof | at
the same distance of Pfrom|. Pointson the axisitself arefixed 4
point, onthereflection.

Observedifferent casesof reflection.

/ / /
12 ° v 2 XU
v
o o’
d o
a a

P owd 8 042 o P omd § o Pm L omd Q omd and
e Ko !;\'d»c"l Wo\;po&fh’mcﬂn ‘f.’_Q-U)“ﬂo’l PG i pov—
""c-* pu'pwd;wlw Pandy’ el o

ol te &

Canyou prove PQ=PQ ?
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A Puzzle: Twohousesarelocated onarurd road'm'. You
want to place atelephone poleontheroad at a
point 'c' so that thelength of thecableAC+BC
isaminimum. Where should you locate C? “

Sol : Reflect A in line m to get A’. Then draw

A’B labletheintersecting point as'C'.As A’B
isshortestand AC= A’C, 'C'istherequired point.
Properties:

1. Areflectioniscompletely determined by itsaxisl.
2. Areflectioniscompletely determined by asinglepointimagepair pand p’.
3. Aréflection hasinfinitely many fixed points(onl)
4. A reflectionisanimproper rigid motion (orientation reverses)
5. Whenthesamereflectionisapplied twice, weget theidentily motion.

2. Rotation

A rotation (also caled turn) inaplaneisarigid motioninwhich afigureisturned about a
fixed point ‘O'. A rotation isdefined by the two pieces of information (1) therotocenter or the
center of rotation and (2) theangle of rotation (measure on the angle of rotation)

Observethe different casesin rotation. p N ‘ ¢
Canyou provePQ= P'Q"?
A Puzzle: A music store called Ozone conducted contest for itslogo con

[

R
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LU

Z
EN,Q,ZQ Sol.  Rotational (symmetry)
CZ>ZONE @-Z/, 0@ about center 6 = 180°
m
Sol : The design hasrotational (symmetry) about center 90°, 180.

Properties:

1. A rotation is completely determined by for points. (two points and their
respective images) can't be determined by two points like reflection.

/ 2. Roto center isthe only fixed point of arotation.

3. A rotation is a proper rigid motion (orientation preserved).

. Passible

Ll anders 4 A 360° rotation isthe identity rotation.

3. Trandation

A trandlation consists of essentially dragging an object in a specified direction and
by a specified amount (length) it isarector of tranlation.

Properties:
1. Atrandationiscompletely determined by two points (apoint and itsimage).

A trandation has no fixed points.

2. nr
3. A trandation has no fixed points. / n’
4

. A translation followed by the same B

trandation in the opposite direction is the R
identity. ¢

O

4. Glide Reflection

A glide reflection is arigid motion obtained by combining atranlation (glide/slide)
with a reflection.
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Properties:

1. A glidereflectionis completely determined by four points (two points and
thelr respective images) | If only Pand p’ were given we would n't
get acix |.

2. A glidereflection has no fixed points.
3. A glidereflection isan improper rigid motion.

4. A dglide reflection followed by the same glide reflection in the opposite
direction isthe indentily.

SYMMETRY

A symmetry of aplanefigureisonly rigid motion that movesall the points back to the points of
thefigueri.e.

One useful way to think of symmetry in this : you observe the position of an object and then
while you are not looking the object is moved. If you can't tell the object was moved, the rigid
motionissymmetry.

1. Reflectional symmetry

If afigure can be reflected about same line in such a way that the resulting image

IRGE TS

i c

du

4

This hexagon he & v
""‘j,,,;: 1‘”“,‘{ Tt hos ko Tt Wi ki e T gypana,

L VETURENT
coincides with the original then the figure has areflectional symmetry (also called theline

symmetry). Thelineiscalled the axis of symmetry or line of symmetry.

Inthe square givenit choose |, asthe axis of reflection the square fall back into itself
with A, B interchanging places and C and D interchanging places. similarly w.r.t1 and ..

Ex. Keleidioscope:- In it mirrors are place next to each other to form aV. The
angle between them determines symmetry.

Ex. Many flowers.
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Activity:-
(1)  Fold apiece of paper as shown. Cut ascalene triangle outs of the folded
fad paper and unfold the paper. How the
@ triangles 2 and 3 are related to

) triangle1 ?

(i)  Fold apiece of paper as shown. Cut a scalene triangle out of the folded
paper and unfold. How the

F ) Q\ \ h d\ triangles 2, 3 and 4 are related
l_j_ : | tothetriangle 1 ?

2. Rotational symmetry

If afigure can be rotated 'n' degrees about a point in such a way that the resulting
image coincideswith theoriginal figure, thenthefigure hasrotational symmetry of ndegrees.

~— = & p. iy b Soq
g *-._. = 5 ’ ,! L N
' \8o ' \
\ i Y
)
’ X
b“‘ .

rT
You can tracethefigureand test it for rotational symmetry S

Theletter Z and S have rotational symmetry of 180°. Vi

A figure has point symmetry. If it has 180° rotational symmeter i.e., the half turntakes
the figure back to itself and every point P of the figure has corresponding point p’ of the
figurethat is directly opposite the rotocenter 'O'.

A
In the adjacent square, if werotateit with 'O’ asrotocenter to 90°, the
points movesA to the upper rightrigidBandB — C,C— D andD — A.

Similarly with'O' asrotocenter and 180°, 270° rotationsgivessymmetric  ® ¢
figure.

3. Trandational symmetry

o It a pattern can be trandlated a given distance

T in agiven direction in such away the image coincides

L_. with the original, then the pattern has transactional
symmetry. The given distance and given direction are
identified by tranlaction vector.
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4. Glide and reflectional symmetry

It a design can undergo aglide and reflection
isometry in such away that the image coincide with the
original then the design has glide reflectional symmetry.

TESSELLATIONS

You can find mosaic tile patterns in many places. The tile patterns completely cover a floor
without a gap or overlaps.

A smpleclosed curve withitsinterior isatile aset of tilesfrom atiling of afigureif thefigure
is completely covered by the tiles without overlapping any interior points of the tiles. Tilings are
also known as tessallations.

In the adjacent figures each tiling is of regular figures their verticles are meeting point. Asthe
angle at a point is 360° measure we have only these of regular .

\NNNYN/
NN\

oo (b

Why can't wetiling with regular pentagonal tiles?

Why have only threeregular tilings of aplane?

Semiregular tilings:- A regular tiling uses congruent figures of onetype of tilethe plane. If we
use more than one type of regular tilings with identical vertex figuresis semiregular tiling. Some

type of polygons must surround each vertex and they must occur in the same
order.
Observe two distinct type of vertex figures with two regular hexagons
and two equilateral triangles. Thefirst can be used for tessellation the second

can't (why).
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Tilingwith irregular polygon

4&”

‘{'Tfamq(,

If you join two triangles you will get a parallelogram. Draw you can tile.
Activity :
Take a colour sheet of paper. Fold it 4 times. Draw a quadrilateral that is not a rectangle.
Cut the paper folded along the quadrilateral. You will have 16 congruent quadrilateral.

or

1. Cutaquadrilateral that is not arectangle from a piece of cardboard. D
Trace the shape on a piece of paper.

2. Rotate the quadrilateral 180° so an edge of the cardboard
matches an edge of the shape on the paper. Trace the new
position of the quadrilateral.
3. Continuerotating and tracing the quadrilateral to make

atessellation. colour your tessellation.

(instead you can paste the col our quadrilateral cutouts
and paste)
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Similar Figures
We have studied rigid motions of geometric figures they pressure their shape and size.

If two geometric figures are congruent they have the same size (same measurements) and the
same shape.

The points we already came across are.
(1) Segmentsare congruent iff their lengthsareequal PQ = RS
notationfor PQ iscongruent to RS.

(2 Anglesarecongruentiff they havethe samemeasures.
Notation <A = <B i.e m<A=m<B

(3) Twotrianglesarecongruent (or atriangleiscongruent toitsdf) Iff. thereexistsacorrespondence
between the verticesof thetrianglesuch that every pair of corresponding S desare congruent,
and every pair of corresponding anglesare congruent.

Notation AABC = ADEF

R g 4K

i.e

AB < DE; BC — EF; AC <> DF and
ZA & /D, /B & LE, L/C & LF
(Corresponding partsof triangles)

(4) WehaveSSS, SAS ASA and RHScreteriafor congruency of triangles. (instead of RHS, in
samebooksit istaken asBOShbiggest angle, itsopposite sde and another side)

(5) Twopolygonsarecongruentif (i) if they have samenumber of sdes(ii) their corresponding
sidesare congruent and (iii) their corresponding angles are congruent.

(6) Twocirclesarecongruentif their radie are congruent.

Dilation
Inrigidtransformation object and itsimage are congruent.
Dilationisanonrigid transformation. In specia typethe object we know that
Two polygonsaresmilar iff thereisacorrespondence between verticlesof thepolygonssuch that
1. Thesequenceof lengthsof corresponding sidesare proportional and
2. Corresponding anglesareequal.
A dilation with center C and scalefactor k isatransformation that mapsevery point 'p' inthe planeto

apoint p’sothat
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1) If'p'isnotacenter point, thentheimage p’lieson CP: Thescaefactor k isapositive

CP
number suchthat K = P and k #1,

2) If'p'isthecenter point C,then p=p’

Thedilationisareduction if 0 < k<1 anditisanenlargement if k> 1.

\ S ¥

3 ‘PJr ¢
o o __a

Kﬁ
R
Reducti -k—C—FY—§—1 Enl tk—C—Fy—§
uction : P8 2 nlargemen P2
Application:

(1) Usedto get enlarged prints of photos.
(2) Used to create perspective drawing.
(3) Used in shadow puppets.
(4) Inpractical geometry to construct similar figures.
Ex : Congtruct atriagnle using two known anglesand the perimeter.

Y Construct AA’B’C’ with the specified angles. It remains to

c v transform A’B’C’ into asimilar triangle so that the perimeter is equal
to the given magnitude.

Lay off thesides A’B” and C¢’B’ ontheextensionsof side A’C’.
Now K’L” will be perimeter of AA’B’C’. Draw line segment KL
parallel to K’L” but with the given perimeter. Join the ends of parallel

linesto get point O intersection of KK’ and |_L’.
Draw oA’ and O’ and get A and B points. Completethetriangle.

Ex:- Construct atriangle when the atitudes are given.

Hint:- Usethe properly atriangleissimilar to the triangle formed by its atitude. First construct
the triangle formed with the given altitudes, then construct the required similar triangle.

*kkk*k
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6. Maths Laboratory - Activites

At Upper Primary and Secondary Level Schools
Setting up of Mathematics Laboratory

Introduction :

School mathematics education always faces a lot of difficulties due to the abstract nature of the
subject as well as lack of motivation. Children develop fear in learning mathematics due to their bad
experiences in understanding concepts as well as lack of proper guidence. In recent past many strategies
have been attempted by mathematics educators to make mathematics teaching in student-friendly manner.
Activity based teaching is one such method which provides hands on experience as well as joy of learning
mathematics. And it can be done by the support of ICT in mathematics also (Geo-gebra).

The laboratory based approach of teaching mathematics gives ample opportunities for such activities
which help to understand and discover the beauty, importance and relevance of mathematics as a discipline.
It also correlates the problems to student's daily-life experience.

Here in this chapter we may discuss some activities for different areas in mathematics to motivate

ourselves and for readiness to implement in our schools by developing (mathematics laboratory).

ACTIVITY-1

Fraction Board

Learning outcome: Identifying equal fractions
Addition and subtraction of unit fractions
Materials required: Plywood or cardboard, Chart paper, string, and bob

The concept of fractions of a whole is introduced in primary school. Students
find it difficult to master and often even understand the concept of a fraction
and the meaning of the numerator and denominator. A fraction chart is a very
useful teaching aid which can be used for this purpose.
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r

0 1/2 1
1 1
2 2
1 1 1
3 3 3
1 1 1 1
4 4 4 4
1 1 1 1 1
5 5 5 5 5
1 1 1 1 1 1
6 6 6 6 6 6
1 1 1 1 1 1 1 1
8 8 8 8 8 8 8 8
1 1 1 1 1 1 1 1 1
9 9 9 9 9 9 9 9 9
1 a1 1 1 1 1 1 1 1 1
10 | 10 | 10 | 10 |10 | 10 | 10 | 10 | 10 | 10
S I S I S I S I S I SN I S I S I I S I S
12 |12 |12 |12 |12 |12 |12 |12 |12 |12 |12 | 12

A fraction chart is made from a piece of plywood or thick cardboard which is
large enough to be put up on the wall. Narrow strips of chart paper of equal
length are pasted on the board at equal distances. Let the first strip represent 1.
Divide the next strip into two equal halves and mark the fractions 1/2 and 2/ 2.
Divide the next strip into three equal parts and mark the fractions 1/3 ,2/3 and
3/3 . Continue in this way till all the strips are divided to obtain smaller and
smaller fractions.One can make a chart till the fractions 1 /20, 2/ 20 . . . if space
is available. Now suspend two long strings from the top of the board with bobs
attached at the end. The strings remains vertical like a plumb line.

The fraction chart can be used for showing the part whole relationship: how
many one thirds make up one? Another important use of the chart is to show
equivalent fractions. Drop the plumb line over a fraction, and if the chart is
aligned vertically all the fractions which coincide with the plumb line are
equivalent fractions. The students also learn that any fraction of the form n/n is
equal to 1. It is also possible to do some Simple addition and subtraction of
fractions with the chart. If two fractions are to be added find their equivalent
fractions on the same line of the chart by dropping the plumb line. Now it is
possible to add the fractions easily by adding the numerators.
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ACTIVITY-2

Fraction Operation board

Learning objectives:

Identify the concept of addition and subtraction of fractions.

Materials

Form board/ Hard board cut in to rectangle shape and put hole in border of all
sides as shown in figure, rubber band sticks, Beeds.

0 °
SR
o [
Procedure

1. Using the above board child can identify the concept of addition and
subtraction of fraction.
2 1
Example: < + 3
Divide the board vertically or horizontally 5 parts using rubber band and
stick fixing in the hole as shown in the figure below. (Denominator of first
fraction)
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Also divide the board 3 parts (Denominator of second fraction) to the
other direction.

* * * * *
* *
* *
* *

. Put the beeds in the columns as shown in figure above, First put 6 beeds

: 2
to 6 columns so that it represents < part of the board. Then put 5 beeds to

. 1
5 columns so that it represents 3 part of board.

. Count the number of beeds in the board.

11

6+5=11 beeds, Total number of column is 15 that is % + % =

. Repeat the activity by changing the fractions and generalize the concept.
. How is this used in subtraction?

2 1
. Suppose T3

Number of beeds which represents E is 6, also the number of beeds

representing % is 5. So by taking 5 from 6 the remainder beed is 1.

i.e 1 out of 15

1

2 1
There fore- — - = —.
5 3 15

. Repeat the activity by changing the fractions and generalize the concept.
. Can this be possible for improper fraction? If so how can we arrange the
columns?
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ACTIVITY- 3

Area of different Polygons

Learning outcome : To find the area of different Triangle, parallelogram,
trapezium and quadrilateral by converting them in to rectangles.

Materials required : foam board, cutting knife, glue cello tape, Metal scale etc.
Procedure
Finding the area of Parallelogram.

From foam board cut a parallelogram as shown in figure.

In the figure the base of parallelogram is ‘b’ and height is ‘h” Using knife cut the
parallelogram through its height then we will get the following figures.

Now we can place the triangle to th left side we will get the folowing figure
b

The areais b x h.
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Case 2
How to find area of a Trapezium

Cut down a trapezium from the foam board sheet. Cut the trapezium through
the midpoint of its height. Place it adjacent to the other piece as shown in figure

/N
/Z\
X

you will get a parallelogram like the figure .now what is the area of this

parallelogram

The length of the parallelogram is a+b and height is h

|

% h

Case 3
Area of Triangle

Cut a triangle from the foam board as shown below
A
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A

1/2

b

D and E are the midpoint of the sides AB and AC of the triangle through DE to
get the triangle ADE. Again cut Triangle ADE through AF to get Triangles ADF and
AFE fix these Triangle a cello tap so that it can move the point E.

1/2

1/2]

Reflective Question

In the same fashion make a device to find area of a quadrilateral
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ACTIVITY- 4

Pythagoras Theorem

Learning Objectives: Explore different proofs of Pythagoras theorem

Materials: 3 different squares made from foam board, permanent marker

Procedure:
Activity-1:

e Arrange the unit squares on the base and altitude of the right angle to
hypotenuse as shown in the figure.

e Can you identify the relation between the unit squares on each sides of
the right angled triangle?

e |Instead of squares can you verify the theorem with circle and other
shapes?

Another proof:
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Material: Cardboard sheet/foam board sheet. Arranged as shown in figure
below.

A b '

e The above two squares have the same area.

e The one on the left is composed of four congruent right triangles and two
squares, the total area of which is equal to 4(ab/2) + ¢’

e After establishing that the quadrilateral inside the square at the right is
also a square with side length ¢, we can conclude that a’ + b®~ ¢’

Proof-2:

Material: Cardboard/foam board arranged as shown in figure below.

A b c
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Select D on BC so that BD = AC CBD is straight angle. Consider DE perpendicular
to CBD so that DE = BC. We can show that quadrilateral ACDE is a trapezoid. Also
area of triangle ABC = Area of the triangle BED and AB = BE.

Area of trapezium ACDE = 1/2 CD (AC + DE)
=1/2(a+b).(a+b)
=1/2 (a +b)?
Area of triangle ABE = 1/2 .AB . BE = 1/2 ¢’
Also,

Area of triangle ABC=1/2 .AC.BC=1/2 ab.
However,
Area of trapezoid ACDE = Area of triangle ABE + Area of triangle ABC.

Substituting we get a* + b” = ¢’.
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ACTIVITY-5
Algebra tile

Outcome:

To examine the addition, multiplication and factorization of polynomials
geometrically.

Materials:
Algebra tiles (synthetic rubber, plywood etc.)
Procedure

The use of algebra tiles has enhanced the teaching of abstract concepts and has
helped to make working with polynomials more comfort. Each student should
have 10 of each type of tile. Hence the non-shaded tiles represent positive
numbers and the shaded tiles represent negative numbers.

O [ [T ]

+1 -1 +3 -2

+4 -4 +x —X

+x2 —x




o HoTren - SETasS Fegten

1. Howtoadd x* + 2x + 1and x* + x + 2

Visual Procedure: Addition is also viewed as combining or putting together

guestion box.

X

| X |

When +1 and -1 are put together, they eliminate each other and add up to zero.
Similarly +x and —x also form zero pair.
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2. How to multiply x + 1 by 3 Using algebra tiles?
A rectangle is to be created with area (x + 1)3 it should have length
(x + 1) and width 3. Here students build such a rectangle with their tiles
as follows.

X +1
Consider the product (x + 3)?
Here we have to construct a square with side (x + 3)

X 1 1 1

1

1

By by counting in the resulting square gives one x? tile, six x tiles and nine unit
tiles for a total area x% + 6x + 9
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3. For multiplying (x — 3)(x — 2)
In this product students must have a special care to use convert sign. Here
(=1) x (—1) gives an answer of +1 which means six unit squares on the
bottom must not be shaded.

X -1 -1 -1

Here the product is easy to read as x2 — 5x + 6

4. Factorizing polynomials
What two binomials have the product x? + 5x + 6.
Here we need to construct a rectangle with area x? + 5x + 6. Students
should take one x? tile, five x tiles and six unit tiles.

X 1 11
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Students should realize that they must arrange six unit tiles in to a small
rectangle in the bottom.

5. How can we factorize x? — 1.
Students should begin with two tiles as follows:

+x2

|
-1
By completing a square using one positive x tile and one negative x tile

we are virtually adding zero. Thus the factors of x> — 1 are (x + 1)(x —

D
-1

+x?

u

+1

Reflective Questions

e Multiply (x + 4)(x — 5)using algebra tiles.

e Find the factors of x? — x — 6 using algebra tiles.

e Explain how division of polynomials can be explained using algebra

tiles?

e Factorize 2x?> —7x+ 6
For further practice to find the product of 2.5 and 3.5, draw the line joining the
points (2.5, 6.25) and (-3.5, 12.25) to line segment meet at 8.75 which is the
product.

Division is an inverse operation of multiplication, we can see that could have
been used to find the quotient of 8.75-+3.5.

Students can do more practice to find the product and division of numbers.
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GeoGebra

GeoGebra is dynamic mathematics open source (free) software for
learning and teaching mathematics in schools. It was developed by Markus
Hohenwarter and an international team of programmers. RIE Mysore has
organised various programmes to train teachers of southern states in using
GeoGebra in secondary and senior secondary level. GeoGebra combines
geometry, algebra, statistics and calculus. You can download it for

free from http://www.geogebra.org.

(Part of this article an screen shots are taken from GeoGebra in 10 lessons by
GerritStols, University of Pretoria South Africa gerrit.stols@up.ac.za )

1. Intefaces of GeoGebra
The GeoGebra basic interface is divided into three sections:

Input bar, Algebra View, and Graphic View. In grphics view one can have two
dimensional as well as three dimensional view

File Edit View Options Tools Window Help | signin |
2 i

Al /] ‘\ D (i)l AI o ‘..15, @I .{‘ b “IABC <€> e

» Algebra X » Graphics X]'[» 3D Graphics X

6 |
5

4

4

Input:[

Brief description of tools :
Construction tools:
D

Menu:
File Edit View Options Tools Window Help

@)

<

1
a=2 |

—_—

()

[
e
o« 2

R
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Construction Tools

OliA : - \v anclf =22
—d v 4‘ 1 |
\. '.'B,c \ =2

o)
. "\.

\— e |® v
': .— " .. J ﬁl

. - F o " L 1
g i w .-"
. :S\ ii"‘ { / amb
. ‘e
ofi|l”]]2 2 {12} .
— o (’J =
| '-" ' i .
x4
~Toolbar ~Tools
Toolbar SRR
[ [}\f Maove @ Circle with Centre through Point

| 3 .A New Point

> / Line through Two Points

(2 ”5( Perpendicular Line
v j}n Polygon
. b L
I:}- Regular Polygon
> <$> Move Graphics View

o | Angle
| \ Reflect Object in Line
|ABC| Insert Text

| 332 Sln:ler

. Ijh Rigid Polygon

_— Separator

b-- Vector Polygon
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7
Cercle (centre-point)

ABC

v,

a=.
— e

v

A

&

3
Q

Cercle (centre-rayon)
L
Casy Angle with Given Size

Compas

m Cercle passant par trois points
* Distance or Length

Demi-cercle
Arc de cercle (centre-2 points)

Arc de cercle créé par 3 points

{1,2} Create List

Secteur circulaire (centre-2 points)

D> Wl Q9I®@

Secteur circulaire créé par 3 points

s Tools Window Help

OllliE K
o
Y, 7
o J(Perpendicularline

|| :
~_— Parallel line

| >< Line bisector

| éf Angular bisector

Q Polar or diameter line
-

Il
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Now we will list some of the activities :
1. Angle sum property of a triangle

Here we will construct a GeoGebra applet to verify that the sum of the angles of
a triangle is 180°

Draw a triangle using polygon tool.
. Select the Angle tool
. Select the three vertices counter clockwise to measure the angle.

1
2
3
4. Repeat the process to measure the three angles as a,B,y
5. Ininput bar type s= a+B+y

6. Select Text tool

7. Type Angle sum =

N Choose from the object drop down menu a,,y and connect them
with + symbol

N Type =
N Choose s from the object drop down menu
N enter

8. Drag vertices of the triangle and observe.

2. Thales Theorem

Here we will construct a GeoGebra applet to verify that the angle in a semicircle
is 90°

Draw a semicircle using the tool semicircle through two points A,B .

Draw diameter using segment tool.

Mark a point C on semicircle.

Use move tool to check the construction.

Join AC and AB.

Construct angle at C.

N o kR wDN R

Move C and observe.
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3. Construction of triangle with given sides

For construction of triangle we can use polygon tool. But then we cannot
construct a triangle with given sides. Here we use a method from high school

geometry to construct a triangle with sides 8,6 and 4.

©® NO U A WD R

Choose line segment with given size tool.

Select any point on the plane and enter length as 8. Second vertex be B.
Select circle with radius tool.

Select center as A radius as 6

Select center as B radius as 4

Select point of intersection tool

Click on circles one by one.

Join sides to complete triangle.

4. Construction of triangle with given perimeter and base.

This is similar to the previous construction. Let us construct a triangle ABC with

AB=8 unit and perimeter 20 units.

W N LR WDNPR

Choose line segment with given size tool.

Select any point on the plane and enter length as 8. Second vertex be B.
Choose slider tool

Construct slider with range 0 to 12

Select circle with radius tool.

Select center as A radius as a (slider name)

Select center as B radius as 12-a

Select point of intersection tool

Complete the construction as above.

5. Orthocenter

There are different points related with a triangle like centroid, circumcenter,
orthocenter, incenter etc. Here we construct orthocenter of a triangle which is

the poit of intersection of the medians of a tringle.

1.
2.

Construct triangle ABC with polygon tool.
Select perpendicular line tool

1512
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Choose vertex A of the triangle.

Choose the opposite side BC of tringle.

Select point of intersection D of perpendicular line | with BC.
Hide line I.

Join AD with segment tool.

Repeat steps 2 to 7 with other vertices and opposite sides.
Find point of intersections of altitudes.

ek

Material required for Lab Activities

Cardboard (10)

Charts (10)

Colour Papers (10)

Foam board @

Rubber bands (big/large size) Packets 2

Colour drawing board pin boxes 2

Knife (for cutting) 2

Scissors (for cutting) 2

Cello tape 2

Fevicol 1/or 2 small bottle
Metal scales 2

Permanent markers 4 (different colours)
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7. Geometric Reasoning
- CLix, TISS =8 3"&2623055

Introduction:

High school curriculum consists of Euclidean geometry and proofs. Many students find it
boring to learn. At secondary level we expect studentsto do formal deductive reasoning. But often
students do not understand basic concepts and ideas as they don’'t have enough experience with
geometric reasoning activities.

Thefivelevels of geometric thinking are
= Visualization = Analyss
= Abstraction = Deduction = Rigour
1. Under standing the concept of shape (Visualization):
e A shapeisdetermined by its properties.

e Transformations like rotation, tranglation, or reflection do not change the properties and
hence does not change the shape.

e A deformation that changes the properties of the shape changes the shape aswell.
2. Analyzing and describing shapes (Analysis):

e  Shapes have many attributes and properties - for example: straight sides, curved sides,
equal sides, right angles, obtuse angles, acute angles, reflex angles, parallel sides etc.

e Knowing and understanding these properties help us describe, classify and reason about
shapes.

e |tisimportant understand shape properties like number of sides, types of angles present
etc. and use them as accurately as possible while describing, classifying or reasoning
about shapes.

3. Defining and classifying shapes (Abstraction):

e A set of shapes could have one or more common properties, and sometimes no common
properties.
e A classof shapesisdefined by the common properties shared by each member of the class.

For example: All closed figureswith exactly three straight sdesform aclassof shapes-wecal
them‘triangles’.

4. Property-based inferential reasoning (Deduction):

Thisisacritica stage, wherestudentsstepinto therealm of inferential if-then reasoning, withalot of
conjecturemaking, testing and informal reasoning activities,

5. Understanding theneed for proof (Rigour):

Inthisfinal theme, students come up with hypothesesthrough inductive reasoning, verify them,
but also learn why verifications do not count as ‘ proofs’, and why deductive proofs are sometimes

necessary.
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Analyzing student thinking
Q) Why don't studentstry to prove statementson their own?
A) They do not feel the need for proof
B) They do not know how to develop the proof
C) They do not get the opportunity to develop proofs on their own
D) All of the above

Q) Givenbelow arethefew activitiesthat students engage whilelearning geometry. Choose
the appropriate pointsfrom them (more than one) and explain why you feel they will help
inlearning proofs.

A) Memorizing the definitions of shapes
B) Giving examplefor each of the geometric shape
C) Verifying and writing proof after teacher solves one type of proof on the board
D) Giving non-examplesfor the geometric shapes
Task 1

Think about connections between geometry and other topics in mathematics and give at least
two examples of these connections? Do you think knowing about these connections will motivate
studentsto learn geometry? Why or why not?

Task 2:

What are the misconceptions that students have about high school geometry? (More than one
correct answer is possible in this question.)

e Secondary class geometry focuses on the way to reach the answer rather than the
correctness of the answer.

e Calculationishelpful in verifying a statement for proofs

e Exampleswork as proofs

¢ Proof isto be devel oped based on the given information and properties of geometric objects.

e Proof requires argumentsinstead of calculations

e Thereisonly oneway to prove a statement
Task 3:

Write the mistake done by most of the students of your class while teaching mathematics. In

your opinion, what isthe reason for doing that mistake? Write the strategy you follow to overcomeit
and discuss with your colleagues

How to make students move progressively to higher levels of Geometric thinking?

Thetopic Quadrilaterals from class 9 istaken and few activities are suggested for this. In this,
the pedagogical strategy used isto engage studentsin reasoning and to support learning for students

by different hands - on activities.
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Answer thefollowing questions:

Q)

Q)

Q)

“Suppose you have a quadrilateral with both pairs of opposite sides equal, then both
pairs of Opposite sides will be parallel too.”

A) True B) False C) don’t know

What would you do to devel op the proof of the statement about the quadrilateral above?
A) Write atwo column proof B) find a counter example

C) Draw adiagram D) use the example of the rectangle

Given below are the activities that one may engage students while teaching the chapter
on quadrilateralsin ninth class. Select the activitiesthat you think areimportant to devel op
understanding of quadrilateralsand arrangethem in asequenceinwhich they should be done.

1) Memorizingdefinitionsof different quadrilateras

2) Constructing shapesbased onthegiven sizeof sdesand angles

3) Identifying the nameof the given shapeassquaref rectangle/ parallelogram

4) Givingexamplefor each of the geometric shape

5) Giving non-examplesfor thegeometric shapes

6) Tofind out thesmilaritiesand differencesbetween shapes

7) Whinding out the common propertiesof aclassof shapes

8) Togiveconjectureabout the propertiesof all possibleshapesof aparticular quadrilateral
9) Constructing al possible shapesof quadrilateralsbased on their properties

According toyou, to develop the understanding and skill rel ated to proofsin quadrilateralsamong
learners, what activitiesamong the oneslisted abovewill help?

Q)

What do you think isthe biggest difficulty faced by studentswhile studying the chapter on
quadrilateralsin ninth grade?

A) Not being ableto remember thedefinitions

B) Not being ableto recognizethe properties of any

C) Not being abletoidentify the similaritiesand differences of shapes
D) Incorrect categorization of shapes

E) Not being able to recognize that one shape can be apart of morethan oneclass

What is a shape?

Answer thefollowing questions

1. Which of thefollowing isasguare?

A=
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2. Inwhich of these figures are the lines parallel?

7=

P Q R S
A)only P B) only Pand S C) only Q D)only PRand S

Activity 1
Makeatriangle, asguare and pentagon using the matchsticksand val ve tubes.
Analyzing shapes - Sorting shapes
Activity 1.  Writethesmilaritiesand differencesbetween
a) A rectangleand aparallelogram
b) A squareand atriangle
c) Akiteand arectangle
Activity 2
L ook at the collection of shapesbelow. Based ontheir properties, sort them into two groupsin as

asieh st ) N
S ™

Activity 3

Draw 3 different shapesthat havethefollowing property: “All sdesequal”

All sidesequal’ isoneway in which the shapesthat you got are similar. What is one difference
between them?

Activity 4
=  Draw ashapethat hasboth these properties:

“Exactly 5 sdesand exactly 2 right angles’

Didyou and your friend get the same shape? Do both the shapeshaveall the given properties?
=  Draw ashapethat hasall these properties:

“Exactly 4 sides, exactly 2 right anglesand exactly 1 pair of sdesparallel “

Didyouand your friend get the same shape?\Why or why not? Do both the shapeshaveall the
given properties?

kkkk*k
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8. Pedagogic pillars of Mathematics

-CLix, TISS=0 3‘&265058
What ar e Pedagogic pillarsand how do they help in teaching?

“Pedagogy” for teaching mathematics is“How we teach mathematics and the methods and
techniquesweadopt to discuss mathemeticsin theclass?” Theword* pedagogue’ means*leading children”.
Soteacher decides“whereand how tolead children’slear ning by sdlectingthemethodsand practices
of teaching?’

Divergity inclassroomisbest addressed when ateacher hasknowledge of largevariety of practices
and resourcesto support learning of diverse students. Asateacher, we need to continuoudly reflect and
innovate the pedagogy used in classrooms. We need to think about the elements of instruction that are
important to support and motivate deep lear ning of mathematicsamong students.

What arethe main parts about teaching that you focuson while planning for teaching?
> Doyouthink about thetypesof questionsto ask students?
> Doyouthink about what kindsof activitiesto useto engage studentsactively inlearning?

> Doyou think about how you would respond to students answer s both correct and wrong
ones?

> Doyouthink about how to assessstudents understanding?
These are someof the questionsthat determinethe pedagogical approach taken by theteacher.

Onevery common pedagogicd ideathat dmost all teachersuseisto movefrom concreteto absiract
or smpleto complex mathematics. In moving from concrete to abstract concepts, teachersmay engage
sudentsinan activity that may involve use of manipulative/ teaching learning material and then may beuse
picturesor figuresandfinaly usng mathemeatical symbolsto discussthe mathemetics. However, at secondary
level teachersmay assess students' previous knowledge and building on their understanding of smple
conceptslike operationswith numbersto complex conceptslikea gebra

Teaching may involveuse of severa such pedagogical ideasanditisimportant for teachersto keep
reflecting and trying out new ideasto see how they contribute towards student learning. Werefer tothese
ideasasthe‘ pedagogic pillars whicharefor supporting devel opment of mathematical understanding.

Threepedagogical pillarsare
(1) Peer Discussion (includesteacher diaogue)
(2) Safe Spaceto Learnfrom Mistakes
(3) Authenticity/Relevance
1. Peer discussion (or) collaboration:

Effective coll aboration—adia ogueinwhich participantsexchangeidess, question eech other, explain
their rationale, or jointly cometo aconclusion—can be apowerful tool to increase deep learning of a
concept. The back-and-forth exchanges between participants during collaboration hel p themto identify
gapsintheir understanding, improvedarity of explanations, and devel op multiplewaysto convey information,
or integrate another person’sideasinto their thinking to co-construct knowledge or understanding of
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aconcept. Teachersthemselves need to learn to coll aborate with other teachersin order to understand
and appreciate how talking and working with other teachers help in supporting deeper learning.

Peerg/students are prompted to discuss with one another

What might thislook like?

@« Think-pair-share

= Studentsin group discussion listening to and responding to one another
= Peerreflectiononactivity (verba) —Discussing different viewpoints
@  Critiquing others work (respectfully)

< couldinclude student-teacher dial ogue

Why to encour age collabor ation?

e Activeanddeeplearning

e Teachersas'facilitatorsof learning’

e Teambuildingskills

e  taking multiple perspectives

e  Monitoring one sprogressand understanding

e Classroomascommunity

2. Risk-taking and learning from mistakes:

Inorder toincrease students' capacity to independently pursuetheir ownlearning, itisessential that
they consider failureor makingerrorsasanatural part of thelear ning process. Teachershavean
important roleto play in creating aclassroom culturein which risk-taking and the possibility of faillureare
acceptable and even encouraged asameansto achieve better learning. Teachershaveto develop strategies
to develop aclassroom culture that all ows and encourages studentsto devel op and try out new ideas,
evaluatetheresults, and integrate what they learn into future attempts. Teachersthemselvesneed to be
opentotry out new ideasin the classroom and learn from their mistakesin order to be ableto support this
cultureintheir classroom

Why students need classroomsto be safe spaceto learn from mistakes?
e Struggle=better learning

e Mistakesarenatural part of learning

e Avoiding mistakes= gapsin understanding

o  Mistakesreflect students sensemaking

e Knowledgeof studentsthinking helpsto

e planindruction

e Panassessment

e Discussmistakesto promote deeper learning
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Teacher'srole

Discussion mistakes without negative consequencesfor the student

Teacher frames/poses questions designed to bring out alternate conceptions
Listen respectfully to al

Do not show any signs of disapproval

It does not work if Teacher gives away the answer

3. Relevance and authenticity of learning:

When both teachers and students understand that their learning has meaning for their lives, either
immediately or intheir imagined futures, their motivation to engage more deeply with the materialsis
increased. Sothematerials/ tasksused in classshould present content in examplesor scenariosrelevant to
thelearners interestsand should assign tasksthat engagethemin exploring the content in useful ways.

Students may not always seethe utility of materialsto belearned, even when the materialsare
actualy quiteuseful. Theteacher’srolein thisprocessisto maketheva ueof thelearning explicit and clear
to studentsby building onit and creating ssimilar examplesin additional contexts. Teachershaveknowledge
of thelocal context and of their students’ interestsand abilities; thusthey can adapt and extend learning
from the curriculumthat will demongtrate val ue of thelearning to students.

Why to use authentic tasks?

M ore engagement and motivation
Meaningful learning
Developred lifeskills

How thisauthenticity/ relevance might look like?

Relevant to what students already know

Connecting with other topics of mathematicsand other disciplines
Connecting with students’ experiences

Authentic to the processesused for doing mathematics

Connecting learnerswith thelarger community

Itisnot working if thefocusis solely on disconnected bits of content and procedures, rather than
the processes of mathematics..

Somequestionsto think about

1
2.

How can oneincorporate these pedagogica pillarsinteaching of mathematics?

Wheat kind of resources and support are needed to incorporate these pedagogical pillarsin
teaching?

How can these pedagogicd pillarsimprovestudents’ learning?

*kkkk*k
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