Vigyan Pratibha Learning Unit Exploring a square grid through rectangles

LU 8.9 Exploring a square grid through rectangles

AlbcIaNles A

Overview

Sleldl

Students observe and recognize patterns. Based on their observations, they draw some
conclusions. But not all the conclusions are valid. These conclusions may be valid in some cases
but not in all cases. Consider the question - “What will happen to the area of the rectangle if its
perimeter increases?” Many students answer that “with an increase in perimeter, the area also
increases”, which is not true.
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In this Learning Unit, students will explore this question and more such questions using a dot grid
and construct various rectangles on it. Based on the observations, they will arrive at the
conclusion that there is no obvious relationship between the area and perimeter of rectangles.

T 37 gehme, el didhe drerekle fdg aruad 81 U2 3 370 gav Uil STy AN,
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An important idea is that we need to look for counter-examples to understand statement is not
true. As a part of this unit, discuss how in the case of establishing the correctness of a
mathematical result, giving examples is not enough; in the case of proving a result wrong,
counter-examples are enough.

Teh HETdrl HodT 33N Bl TETe [GuT T ATel, & FH[ WY A3 o) Aqedres] fagmre gf-
FETERUI NGV ST DhT IR, & T DRl AT, TN fAeT=re Srefehl g HRUITATS! B
SETERUl Q0T XY 19T ; qUT e gevid Rig PRI A e Yeb Tlel-SaTEX0 YRY 3, TR 2
1.

These questions can be also explored using other contexts, such as those discussed in LU 8.1 and
LU 8.14. This activity may be attempted by students individually. However, discussions between
students may be encouraged as they attempt the tasks.

T YFAETEA SR AW -ST ALIIT USh 8.1 ATV 8.14 - IIU™A Al b3l SIS A<l &l Pl (qerel
g @ Abard. A, faermell Sl B A Qe =l Tg JVATATS! AredTfed HRId.

Minimum time required: Four sessions of 40 minutes each.

P JMMazTP A: 40 e T IR a3,
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Vigyan Pratibha Learning Unit Exploring a square grid through rectangles

Type of Learning Unit: Classroom
3 TUch Al YbR: Id
Unit-specific objectives

I UcHrAl Iey

¢ To find the areas and perimeters of rectangles on a dot grid.

dldhe HICTAR AT S He M1 TRFA BT,

¢ To formulate conjectures based on the areas and perimeters of rectangles.

ST &A% es JATOT TR AR SMETRT STTH TR BRI

¢ To understand the relationship between the area and perimeter of rectangles.

ST &3 JATOT aRfACH Aiearclies ey FHS Hl.

Prerequisites

LCEIE]

Students should be familiar with basic understanding of area and perimeter of rectangles and
triangles.

Introduction

M

You have calculated areas and perimeters of figures like rectangles and triangles many times.
Have you ever wondered what is the relationship between area and perimeter of a figure? What
happens when area increases? Does the perimeter increase or decrease? What happens to the
area if the perimeter decreases?

T rpIvr JfYT Smaa AR M &aAhes AT IRERA el dlee! i@, TR g
ghes AT IRFAT JiegTe Heae By 3rqal, Irar [ ! wHl oil M8 B17? STegl MPprd &b
T <egl BT BIdl ? YR dTed &I B! Bl ? SR YR D41 S| TR &I Thold DI Bl ?

Here, we will explore the relationship between the area and perimeter of rectangles. We will do
this, however, with an important constraint - the rectangles will be those that can be drawn on a
square grid such that the corners (vertices) of the rectangles are grid points.

JY, IS &AHes 30T IR TTTT T ST HEeT YT INEUMR SMEIT. T, T BRAT SMISARTAR
Ueh HEITA! 3T 32 - 3MIUT 3 MY UBUIR AT S Alhe -BRIGTAR (377! 137 M7 1§ Y8T) Pl
U, ABAT. FTSTd IT AFA DI (RRIGY) B Al fdg ardes urfgord.
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Vigyan Pratibha Learning Unit Exploring a square grid through rectangles

Figure 1a 377?7?’?737

Figure 1b: Rectangle drawn on square grid

3Tl 1§ : Fie BRIGTAR HIGHAT SITIT

Materials required
HAS SRR Aifeed:

Grid papers (each student will require three to four square grid papers), pencil

e BTG (TAD (eI IST LRI 9 o IR dlhe -BNE BHRINS ), U

Look at the grid paper you have.

JHUTh S AH Al dldhe-HIIE HIc Ual.

Let us call the length of the line segment AB (shown in figure 2a) as one unit of length

Ae——eB

Figure 2a 317?77"?237
AT, VRIS AB Tl BidT 1 Geheh T2, 1A AT (37l 2 37 9 SIRIGATIHATI ).

Ask the students what are the other lengths they can consider as units on the grid paper. Discuss
what will happen if the diagonal is chosen as the unit.

\N [ aY o\ C [d o\ C
AIdhe-HRGIR Yhdh B 3R Bl Sidrar faaR axar I, o fFeneat femt. vae = $ol
IS BT 8l e, Il Il Hy.
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If we consider the diagonal as one unit, then the length of the line segment is units, which is

-

less convenient to deal with.

SR 39T KUY Siel T Uhd A, A% XIS Sial % Uhd Sd] B, Sl BIAT0T BHT AR
I,

Now, considering the above length as one unit, what can you say about the area of the shape in
figure 2b? Why do you think so? Discuss with your friends.

3T, NS AB Il Bidl Udh Udhds HIedTN 3771 2 § AL BRI AFhe el e, o ARM? 314

drelal oI dicd, dldec) 3MTAATT Tt .

Figure 2b 377?7_\#2 g

At this point, do take some time out and discuss with your students about the meaning of 'the area
is one square unit'. Try to emphasise the fact that - any area equal to the area covered by a square
of side one unit length - is defined to be one square unit, and is not just because the area of a

square is side x side.

T TR, ATST de B1 AT AT [deredferlar eathe & U AR Udbd 3118 Aral 31 ST Bidl,
AEET T4t 1. AR W T DI G dRE Yhdh &AB@ U0l Uh [Hd Bidl I19] JFed] dRAT=]
SAHDBIYIS HFHeS. TR SAHe Hac a9 x I19] ST U el

While asking the students to draw different shapes of area one square unit, ask them why they
think these shapes have area one sq unit. Remember that one unit length is the distance between
two adjacent dots. Some examples are given here:

faermegiaT e IRY Uhd BT A JMHR BIGTISHT TRTAHT, AT JMHRIT b Th dRT Thd
D1 318, d [TART. S&T a1 B Ueh Uheb idl 81 GIF 3iIcred fdgHees 3R 3ie. Ye Hre! Sarexvl faoft
3TE .
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Figure T1 3Tl T1

After the students have drawn figures of area one square unit, ask them to justify their answers.

et ve R U I h T SHT BIGeddR T SR TEIHR 0T fIaRT.
Task 1: Any more unit areas...?
Hell 1: T Tehdh EABDT IS MMHR...2

Draw a few more (at least two) figures such that their areas are also one square unit.

AU fHHT SI4 3MTH T 3721 HIST, ST &ThD 1 ARG Uhdh .

In the following task, encourage the students to draw various rectilinear figures. The main
objective of this activity is for the students to realise that area is not just a formula, and that they
can actually find the area simply by counting the units squares or half-squares on the dot grid. One
way to calculate the area of a rectilinear shape is shown in figure T2.

9Ty Pell BT, femeaiar FRMRToIT ARSI THeT (37301 AHT SIid Jd bIF 90° fobar 270°
3RACICT) DI TR BRI, T Heiral I a3l T 378 Bl &thod TSl $hded Yeb Yo -INIdl ©
et TSI g A0 UeIeTd dihe BIRTaRIe Yhd ARl S fhdT a7ef - RA TR /IS
3 & BT DT, bl TRBNYI JTHRTY &3 he AT UGd 3] T2 HE SIRIacH 31Te.

Area =3 sq units

--------------

Area =4 sq. units

Total Area =3 + 4 = 7 sq. units

Figure T2 3Tl T2

Task 2: When all adjacent sides are perpendicular...
Pelt 2: SIRT AT 1G] THHBIAT B SIS ...

The polygons drawn in figure 3 are called rectilinear polygons.

3Tl 3 AR BTG TGYSITDH T RSN TSIl FEUIIa.
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Remember that all the vertices of these figures should be on the grid points.
ETT BT, AT AT d BRifdg & dlediea fdgar aries urfgord.

A rectilinear polygon is a polygon, all of whose angles are either 90° or 270°. Some examples of
rectilinear shapes are given here.

ER@TT TSPl B 371 T TEYSITDeht 31, T BIF ToheR 90° fobal 270° 3rdild. g TR
TEYIHI BIET ATHR TRITSE) 3.

Draw five such figures and find their areas and perimeters.

32T TehIRTT UTe JAThedT DIGT AT T & Tdd TR Bl

Figure 3 377?:7#3

In the following task, try to bring to the students’ attention that the figures given below can be
found by cutting some triangles from a rectilinear figure or adding some triangles to a rectilinear
figure. And hence one way to calculate their area is to add or subtract the area of the said
triangles. The main objective of this activity is similar to the earlier one. This activity will
encourage students further to calculate area by counting, adding and subtracting.

Udle Paied, faemeaiear 8 el S Sudrel YT $RI1 Bl o) fQosed] hedl YEre dRay
3P IIcics BIET F2epT0T DTG fehel TTE WRBNYI 3Mpcilesl Bral Hebior SirgH e Frehdld. ®u[Ed i
SADHS BISUITI Uh AN BUTS SHE boyed] DIV &5t Hewaul fdhar gl HRol. a1 Heild & IfeE
B ST Hei RS 32, IT Peilqos [TeeG AT AIS[, aRIST Ba 30 TOIaTdh] B A BIGIA
EISSIERRECICH

Also ask the students if these figures are rectilinear figures or not and let them reason why these
figures are not rectilinear figures.

T T AR SMHT JMTed fhar AN, 7 feneafHn f[amRy o &1 aRed i et &1 A1eid, I
TRV T G A I
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Task 3: What if some adjacent sides are NOT perpendicular...?
el 3: TR ST Blel qT5] Fd TS ... 2
Figure 4 shows some polygons. Find the area of the given figures.

3Tl 4 T BTE] TgYSTPl Med. T P &TThS BIal.

() (2) (3) (4)
Figure 4 3]7717#4

For the following task, encourage the students to measure areas using alternative methods. It is
not necessary that everyone uses the formula to calculate area; they can count the number of unit
squares inside the rectangles, or divide the rectangles into squares and add their areas, or make
triangles and find the area. Different methods will also give them assurance of how the measure of
the region—i.e., area remains the same even if different methods are used.

UEIe pamed, faenea = gl dgdl auRe aawe AISTUIaIe] Hicdlied SRl &a3he Ao
YD YA ATURIIS] §d, 3R ATET; < SIS AT AR Gebep AR LT A, ADBAT fepal
ST ARATHE] [IHR] FreheiTel 0T AT &hwdl dxIoT Ba Db, fehal Frepior a97g Fraheira 3T
AT &ADes DTG 2Ahelld. I TgiTel aTaR hedios TETE 83T &5heo b4 HIadId & fqenegi

AT . AT Tl dTIR T aNlel &t ARYId Idl, Bal 1T Helld g 0.

When students come up with slanted rectangles (which are not aligned to the two perpendicular
axes), ask them to explore the possibility of finding the areas and perimeters of these rectangles.

SiegT faendl foRe 3Id drediss, J&T T 33T AT &k M1 IR BIevarar gl NI
{ll .

One of the ways of finding the area of a tilted rectangle is to surround the rectangle with a square
and remove the areas of the triangles as shown in Figure T3.

ORI AT &9 he ALV U Ugd VISl 37dpd] 73 HE SRGAeITIHATY] ATATHIac] IRy BIgul
IO TR FHpIvT &=thos ToTT B,

[ | ] ] I I ] [ [} ]

]

P "

Figure T3 3%l T3
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The students might find it difficult to find the perimeter of the rectangle in the figure T4. You can
ask them to calculate the length using Pythagoras’ theorem and encourage them to discuss what
the length can be. This might need you to introduce to the students how square roots can be
added (e.g., V2 + V2 + V2 + V2 = 4v2 and not v8). If some of the students suggest that v2 + v2 +
V2 + V2 = V8, ask them to justify their answer. Help them see that this is not the case. One way to
do this is to square both the entities (4v2 and v8 and see that they are not equal)

e[ e T4 Aelles I TR BTl BOTU STTS; b, Jre! AT YIIARTRA YHY aTIRTI ]
AR Bidl BIGRIBT A bl AT ST fobell 3G, 2Tebet, IWTET Fall HRIAAT Tl B 2l
T ST F2 PRAT, (IT1., V2 + V2 + V2 + V2 = 42 3701 V8 & ATET) & faeneaiay Argid e
QU IR UG 2l SR DIl fAenmedi=l v2 + V2 + V2 + v2 = V8 311 gades, TR i1 SR WE BT
IS M. V8 DI IR ATE & A I (A1 qed BRI, & FHS QUATAIS! alvel fien av
IR (42 3707 /8 AT =T WA B, & U2T).

Figure T4 37Tl T4

The important thing is to note that for any tilted rectangle on the grid, the side of the rectangle is
of the type vn, where n is a natural number

Y U HETATd! T SEITd U TR AT DI AIdhe BITGTIRIS DIUITe! (R JARATTATST, ST J19]
Vn IBRTAT 3T, 91 1 81 T TRT 3.

Task 4: Focusing on rectangles...?
Pelt 4: THT A ITE AT .2

Draw five rectangles on the grid paper. Keep in mind the following:

FIhe -BITGTIR U AT BI]. T HRATM JeIas d6] SGerd
STIE

1. The vertices of the rectangles should be grid points.

3T BRI & diac i fig ares gifgord.

1. The rectangles should be of different sizes.

I IITATIT AT 31T UTfeoid.

2. At least one of the rectangles should be tilted.

Figure 5: Tilted rectangle 3ﬂ§>_rﬁ5: IGECARSIED|
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fFHT Teb ORI ST fORBT (HseserT) 3T UTfeot.

3. Measure and write the area and the perimeter of the rectangles which are not tilted. Discuss
how you got your answers.

fOReT 3TIa e, SO M &A%hes AT gRFENAT Ao SMfor fogr. JRTe SR ®3l Hare,

ATGES TdT DRI,
The vertices of the rectangles should be grid points!
A RRIfAg @ Aied= fag o/ uifsia! (ams:dt 1 918T)

For every sub-task in the next task, draw a table like Table 1 on the board and record the students’
findings. (Table 1 provides one example for perimeter equal to 12 units.)

TGS Pellciier T SUPBATS!, BoodTaR Tl 1 JHT0T Ueh el Il AT faemeai=l dracses! A Aigan
(TFIT 19, 12 Ydhdh IR A U IQTER YT o5 3MR).

Perimeter is 12 units
qRE 12 T d
Rectangle Length Breadth Area
SIDIG] 5]l Sal DS
I 1 5
4
3
2
1

Table T1 TAIT1

While you are recording in the table, you can try to record the lengths in ascending or descending
order so that the students notice a pattern in the length and the breadth. Discuss with the
students which rectangles are congruent (same) and which are not. And why?

STeg] Jrel TaaTE] A B SRS Jeal Sid! Tecd fhar Saredl HHm Al HRUITT T HRI, STordhw
et @it onfor <1 IFARs MMGdley Serd Ysa. aUd IV NI Yhey ATed 3T HIoTd
Uh=ay ATeld 31T B1?2, AT faeneafarisy T=r ov.

Apart from tables, you can also use graphs, or plots of lengths versus area. Plots make some of the
symmetry more visible.

AFIIRAT, BT (%G &b I ATe5Rd DTG 3D, AT FHHT 3feh WY &I, Al
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You can also bring to their notice that in case of perimeter 16 units, the largest area is occupied by
the square (length and breadth are equal). In the case of 18, the largest area is covered when the
difference between the length and the breadth is the lowest possible. Do point out that the
difference of 1 is the lowest possible because we are working with whole numbers.

3ATIT T ST AT 9 Iball bl ST AT IR 16 Ueheb ATe, T Al HAIS &hS o IRAT
Y55 3T (BidT TN ST FHI 312, ST <@l YR 18 3MTe =T dideiid, Sieal Sl AT )
TS BReb AR [Tl BT AT, TegT Hald AIS &rathed f¥esdl. T Yol L= dTuR el SRAIT
Hafd B R 1 3 T e L .

The two numbers 16 and 18 have been chosen as perimeters, because for one of them (16) you
get a square of area i.e., 16 square units, and for the other (18) you do not. You can discuss that a
number has to be a multiple of 4 to get a square whose perimeter is that number.

So there can be questions like, "Can there be a square of perimeter 22 on the grid?” Ask them to
give reasons for their answers.

16 3ATFOT 18 AT ST =T 37907 URFACH U FFaeed ed, HRU ATD! U] RS (16) ATTATST Uh
ARY el ST &% 16 AR Yebeh 3MT2. A3 §A=IT GIATS! (18) dRY e A8l Tl =i da
bl B IRFET € 4 =1 Ui SRIcdTaRd JreTal dacdrd URdET JRY fFesdl. B AY 3 v
3907 faTRs ATehall B, “Hihe BITRTAR 22 TR AR 31 3hes B1?” il IRId] BRI RIS
.

For all the sub-tasks in this unit, while you are recording in the table, you can try to record the
lengths in ascending or descending order so that the children notice a pattern in the length and
the breadth.

T I TCHHIIS Fd IU-PA TS, STegT Jral TaIATE] FiG DRI, deal W6l Gid] aacdl fdhal IR
HHT A SUATAT T < A, ST [Aeme =T el AT &1 I iy BT U5 S.

Task 5: Perimeter same, but rectangles different...?
Helt 5: TRERN TAE, 907 3Rd IS .2
Sub task 1

2 1

1. Draw different rectangles on your square grid, all of which have a perimeter of 16 units. (Draw
as many as you can.)

gH=l 'Cl\IChC'CbI‘IQICJ‘< 3@ dIdiTo0 AR dlal, il g Q JEIFH 16 Uchch 31 (g*‘élo')l A Y S|C|h|("5 ddoe
AT BTT).

4. Complete the table given below based on your rectangles.

AT ST AT AR MR Y& fesdT el 4R,

5. Which rectangle has the largest area? Which rectangle has the smallest area?
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P IOTT SIS SFTHS AT ST 31T ? BIOTT AT SAHed Adid DHH] 37 ?

Exploring a square grid through rectangles

6. Compare your table with those of your friends.

JHT JagTciTes Alfecil o1 SRl JaedTciled ATzl bl

7. Did you get a square in your table? Is a square also a rectangle?

T TEATIAR T TETET IR’ JATe 1?2 AR BT I 3R D17

Note: “Semi-perimeter” of the rectangle is half of the perimeter.

e madT "SruRfA B <t uRfAc=aT aredf s,

Perimeter is 16 units

aRRfercht 16 Tehep
Rectangle Length Breadth Semi-perimeter Area
3MTId ZIEll Sal SEEINER) FAH D
I
Il
1
\Y
\Y
\
VI
Table 1 &7 1
Sub task 2

S 2

1. Draw different rectangles on your square grid, all of which have a perimeter of 18 units. (Draw

as many as you can.)

T dlhe -BITETIR 3 IS AT Blel, Sl TR 18 Tebeh 35 (TFRTAT 3T BTG <TdIe
ST B

2. Complete the table given below based on your rectangles.

e AT AR TR Y faesT e 4.

3. Which rectangle has the largest area? Which rectangle has the smallest area?

IR AT & B AT SR 31T ? BT AT SAH e Adid HHI 3N ?

4. Compare your table with the tables drawn by your friends.
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oA dadTciles Hifec SATOT gaRiE! ATl i gesl BN,

5. Did you get a square in your table?

A THRIATTAR AT TETET AIRY A2 HT?

Perimeter is 18 units
g 18 Yheh
Rectangle Length Breadth Semi-perimeter Area
SN ZIEl Sl S ERINEI) gTHSD
I
Il
1]
v
Vv
VI
VIl
Table 2 Tl 2

The vertices of the rectangles should be grid points!

AT BRIAY ? Sieds fig srre nifgsia! (et 1 9ms)

In the next task, for every sub-task, draw a table like this on the board and record the students’
findings.
Y&les feld, Fcda SUPHIAIS], Bodlay Y dadl BIel 30T [l st Figar.

Areais ____ units
gA%® ____ UHd
Rectangle Length Breadth Semi-perimeter Perimeter
SN ZIEIl R SEEINEG PINEGI

Table T2 dKIT T2

In the case of 36 square units, try to bring out the fact that the square (each side 6 units) has the
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lowest perimeter. And that for a given area, larger the difference between the two lengths, the
greater is the perimeter.

STeg] &TAhe 36 AR Uthd AU d@T ARATE! (T 919 6 Tebeh ) TR Fafel HHI 3RIe3, B I Selrd
AU &1, T Qe faosedn aha™rd] g1 Sidiqeies BRe e AT aies, forda! aRfedt s

315 & .

Please note that for at least two of the sub-tasks given below, you will get at least one pair of tilted
rectangles whose area would be the required area.

PUY] GETT BT Bl G faosed SUBdUD! BHIT BHI S19 ST o] Jelel R g fhar Th
SiTe! freses, ST &9 e I feo ol SAhBIIde S,

If the students do not come up with these examples themselves, give them clues to draw these
tilted rectangles and find their areas and perimeters.

SR faemediv T g 81 IS8R aoh! ATeld, TR AT fikd SR Brevdrdre! e (hint) e JATfor

In these tasks, the students will work with 3 numbers; 36, 17, and 24. Each of these numbers
gives different types of rectangles whose area is that number.

AT P, Tl T IR aTIR BRAATS; 36, 17 3MOT 24, D! TAdh FRAATST I TdT bR

M BIEUTS, ST AHS <ird FT 3.

In the case of 36, you get a square (side 6 units) along with a few more rectangles; you will also
get tilted rectangles whose area is 36 square units. For 17, you get 1 rectangle whose sides are
parallel to the grid axis, which is definitely not a square. But you get a tilted square of area 17
square units. (see figure T5). In the case of 24, you don't get a square on the grid but get
rectangles both straight and tilted. Interestingly, in case of 24, you get a tilted rectangle which is 3
copies of a tilted square of area 8 square units (see figure T6).

ADBS 36 AAGHT BIe! IMAATERIGR RIS U AR (6 Tebeh a9 Hades; JRTaT ik AIda@ies
A S &3h® 36 TIRA Uhd 3. 8ha 17 A3, TRIBT Th 311 I fae S a1 didhe
BRIGTA] JETHT FHITR AT, Sl (AU IR THS. I JFRT3T A% 17 ARG Yhdh RIS Al
foRepT TR Heoes (37Tgpell T5 UaT). &1t 24 2T JIaiId, JRal@] didhe HITETaR AIRY HRUIR T8, I
31 3T HciIes of Qlvel, A AT ks 3Aciies. =l wursl, & thes 24 =1 I JFaTA Udb [T
3 fHeses, STl 8 TARY T &Tthes ST 3 feReT AIRAT! e avesad1 3195 (377ghdl] 76 UaT).

Task 6: Now, some same area rectangles ...?

it 6: AT, BT TN SABB I...2

Sub task 1
z 1

1. Draw different rectangles which have an area of 36 square units. (Draw as many as you can.)
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gHal Flpe-HRTGTIR 3R A5 3 dlol, R FFHS 36 TIRY Udhdh JHA (g‘-SIC')I T BIeh

dde 3TId DIel).

8. Fill the given table.

ey dacdTd ATfg WRT.
9. Did you get a square?
JFRTA YETaT AR @1 617

10.Compare your table with the tables drawn by some of your friends.

AT TaTcies Aifeel AT SaRT= ATl Iredrd ol B,

Perimeter is 36 units
aRfT 36 Teheh
Rectangle Length Breadth Semi-perimeter Area
SIRE| iG]l Sal SEEINE | EAH D
I
Il
1
\Y
\Y
\
VI
Table 3 73
Sub task 2

S 2

1. Draw different rectangles which have an area of 17 square units. (Draw as many as you can.)

T AT -HITRTAR W IS AT BIET, ST &AThS 17 ARE Uhd WS (RIS TR Bl
dde AT hral).

2. Fill the given table.

ey dacdTd ATfg e W-T.

3. Did you get any square?

J=TA1 TR ARy H@IST B1?

4. Compare your table with the tables filled by some of your friends.

e ATl HATfed JAOT aTieiies gaxiel Al ATeTd o1 Dl
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Perimeter is 17 units
qRF 17 T
Rectangle Length Breadth Semi-perimeter Area
SN ZIEIl Rl CERINERI SAH D
I
Il
1]
v
\Y
VI
VI
Table 4 THr 4

Apart from the standard rectangles like 17 x 1 or 1 x 17, for area 17 square units, one can also get
a tilted rectangle, which is a square like the one given in figure T5. Side
of the square = V12+4°=\1+16=+17

So, the area of the square is 17 square units.

17 x 1 fhar 1 x 17 AR WIS JITRET, ST §9%he 17 ARG Thd
31T, 3191 37Tghci] T5 HE STEGATIHTY Ueh [cRepT MAAadles f¥e3 areball, Sl
IR e, ARAA A = V12447 =/1+16=117 ‘ Fl

1 unit

B, ARAT A% 17 ARE Udhd B50. Figure T5 3Tl T5

Sub task 3
z 3

1. Draw different rectangles having an area of 24 square units. (Draw as many as you can.)

B 24 TR Udhdh T ed dIdITed AT DIl (\:l“SICéI TR BT dde A Cblcél).

2. Make a table like the one above.

CRACIIEIL Udh 4T g-1dT.

3. Do you see any congruent rectangles among the rectangles you have drawn?

TR DISIeT YA T3] DIV AT Yehay T fa=ATe bl ?

4. Compare your table with tables filled by some of your friends.

C O o\ O

AT TaTciies ATfecidl Josl diTiciics gaxiedT AlfeciaRIay 1.
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Perimeter is 24 units
R 24 Thds
Rectangle Length Breadth Semi-perimeter Area
3mIa ZIEIl Sl SEEINER] STHS
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Table 5 &Il 5

Apart from the standard rectangles like 6 x 4, 8 x 3, 12 x 2, 24 x 1, for area 24 square units, one
can also get a tilted rectangle like the one given in figure T6. Look at the square ABCD. If you
count the number of unit of squares inside ABCD, you will find that there are 4 full unit squares
and 8 half unit squares. P N 1 N T

So the area of square ABCD = (4 x 1) + (8 x 1/2) = 8 square
units.

Hence, the area of the rectangle ABGH is 8 + 8 + 8 = 24 square
units.

6% 4,8 % 3,12 % 2,24 x 1 AR WIS AMATTARIRET, 24 TR
Uhdh SFABBIAIS! TP T6 AL TRITATIAT Yo [RepT TIdes
A 31hdl. ABCD @IRH UBT. SR JFel ABCD HUIeh TR Thdbidl L]
AT, TR BT 4 Yol TRE (ST 915] U Yebeh ATR) 30T 8 37e]
AR (SATT 979, §eb Uebeh 3Te) freselies.

T TIRA ABCD o &IF%a® = (4 x 1) + (8 x 1/2) = 8 ARH Yddh

Figure T6 3Tl T6

U, AT ABGH o FHE 8 + 8 + 8 = 24 AR Yhdh 8I53.

Task 7: Next, rectangles with equal areas and equal perimeters...?
il 7: ST, THH 8BS 0T T IR ST IM...2

Can you draw two different rectangles whose perimeter is 14 units and area is 12 area units? How
many different rectangles did you get? Compare your rectangles with those drawn by your friends.
Are they the same?

IR 3 QI dITAT0s AT Blel Bl Sl YRR 14 Udbds AT &rthes 12 AR Yebeh M2 el fabell
e AT BIGe3 ? Jrel DIaesed] Al Jo51 SR BIGIUT ATATRIT BRI, T AT AR AT
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H1?

Did you get different rectangles? If yes, share your answer with your friends and your teacher. If
you think it is not possible, think about why not?

JFRTAHT ATes AT HBTe3 B17? AT IR B AT, T IR SR 0T RBNeresi=n |iv. 31y 3y
TTET, 3 RIS AN, ‘BT ATel 311 fIaR &1

After these tasks are completed, try to reach some conclusions for the following statements (More
such statements can come from your students.)

Bl Pl QUl SRR, Yl faemirdt drel Fshuiodd arsi=odrdr gae 61 (31301 F&xaurdl Ao
e qerean feneaiag 3% ).

1. It is possible that even if the area of a rectangle increases, the perimeter decreases.

2 3R TS B SN AT &% e alees, a8 TR &) gla.

2. It is possible that even if the perimeter of a rectangle increases, the area decreases.

B 3 37T BT SN AT IR drecs!, a¥t et B! 8.

3. There are rectangles which are not congruent but have the same area or the same perimeter.

3T AT AT O YUy AT, U] I &Thes T febd1 TRTAT AT 3199l

4. There is no obvious relationship between the area and perimeter of a rectangle.

5. If for two rectangles, the area and the perimeter are both equal, then the rectangles are
congruent.

SR SIF ST & es M1 aRFAR Sva! T 3RIcies o o 3 Udh<ay ST,

Claim: If for two rectangles, the area and the perimeter are both equal, then the rectangles are
congruent.

I : SR S AT &35 M1 IRF SIe] THH RIS dR o 31 Uy IR

Proof:
Given that: Rectangle 1 and 2 have the same area and the same perimeter.

Let I, and b; be the length and the breadth of the first rectangle, respectively, and I, and b, be the
length and the breadth of the second rectangle, respectively.

Given that the area of the two rectangles are equal.
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farores 31T : 3 1 3MOT I 2 T &=had THT M1 TRF TH TR,

|, T b, B UlEeAT AT ATHH ST SATOT ST 3T 3 1, T b, B SHAT IARAATIT ehH Sid! 30T Bt
3.

I8 YA &5 he G 318, B oo 3R,
So, X, [, Xb,=L,Xb, ......... (1)

and 3T 2(1,+b,)=2(1,+b,)

From (1) and (lI) we have,

(1) 3O (1) T AT ATh S,

L=L+b,~b, ------------ (i)

So substituting (Ill) in (1),
Ao (1) |1 (II1) daa3tl,

(I+b,—b,)Xb,=1,Xb,

So, @R, l,b,+b,b,—b =L,b,
b,b,—bi=1,b,—1,b,
Therefore, ®YH, b,(b,—b,)=1,(b,—b,)
Hence, ®Y[[, (b,—1L)x(b,—b,;)=0

So, either A%, Udhax b,=b, or fdhdl I,=b,
If S b,=b, ,thendX [,=I, , from (I) I%a.
If SN I,=b, ,thendX [,=b, ,from (I) I%-.

In either case, the two rectangles are congruent as there are corresponding sides that are equal
and all the angles are equal.

WIS TIve! GIRTHE, SI7e] NI Udh<ay AT BIRY T J15] FHI TS AT0T H DI FHIT AT,

Let the students explore the following questions, on a grid paper. You can also ask them to check
for more such patterns.

fenegf=r gdies vl ST dibe BRIGTER 2MY 1. ¥l AT A URE! plee AT A
QAchdT.
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Task 8: More with the grid...!

it 8: ABHC RIS AU .. |

Remember that all the vertices of all the figures that you draw should be grid points. Use the grid
paper, explore and find answers to the following:

SEId 341, eI BIeayed] | MMPedid A RRIfAg & dlbe-fdgar 3es Ifgoid. dlde -brIardl a1

BT AT GTes Tt SN 2MeT.

1. If the length and the breadth of a rectangle are natural numbers, and its area is an odd
number, what can you say about that rectangle’s semi-perimeter (half of the perimeter)?

SR 3T oie) 31T ¥t AT *A9fiTeh I=T 3RIcies, 30T AT & &1 favd 91 3 a3, o) <l
3T ALYRHTRIG el BT AT ?

If the area is odd, it means that the length and the breadth are both odd. And hence their sum,
which is the semi-perimeter, is even.

STETARTART |9 deT 3.

2. If the length and the breadth of a rectangle are natural numbers, and its semi-perimeter is
an odd number, what can you say about the area of this rectangle?

SR ST ST 31 ST AT AT AT 31cies, 3MOT AT iR 2 fawe dveat 3ies, ax <l

AT EABRITHEG] JT BII HMeS ?

If the semi-perimeter is odd, it means that either the length is an odd number or the breadth is an
odd number, and the other is even. And hence their product, which is the area, is even.

SR JEURAT 999 3, TR ATe 312 bR SidT [Tw A1 aRies fdhan a1 fawd ST 3rdes, Sifon
GORT AT G 305, WA T JUITHR TSl & 5thed TH H&T 3.

11.What are the different possible areas of triangles drawn on the grid? Are all the multiples of half
achieved?

Flh e -BNIETER DIGredT DI &T5thos DTY-DIY Y 3Dl ? ATITAT gl e Ut fyesre

3R P17?
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All the multiples of half can be achieved. For example, look at the
triangles given in figure T7. If you continue this process then you can
get any multiple of half.

31t AR ThdTel Ukiies ¥4 &he Madis. Iaexond, agdl 77 ALl

f&eses Prepior Tgt. SR el €1 Ufsha =g Sacs!, TR TRTAT AT BIVTTET | Loguni 1sqmit 3 squn 250008
Tureh 8reg Frepera. Figure T7 3Tl T7

12.What are the possible areas of grid squares (squares with vertices on the grid)? (These may not
have integer sides!)

AIh-BIIGTR PIBesed] AR &he B Y bl ? (ARG IT5] YUlTeh HRAT A6, 31 T8N

(a® +b?%) a

a
Figure T8 il 8

It will be obvious to the students, that for a perfect square number one can always draw a square
whose area is equal to that perfect square (side is equal to the square root). Ask the students if
there are any other possibilities. You might have to give them hints to start looking at other
possibilities. For example,

I: Consider a right-angled triangle of sides a units and b units (see figure T8), then the length of
the hypotenuse is  v(a*+b?) units.

fenegi=T & e e, &l gui aFf WIS d 3141 Ueb IR DG AN ST &b Il Ageidd AT
(AR T19] &1 qul il A= qiq@uad! 3Me). SR del Al AT B, o fqermeaiHr faarT. gav
R FNVATATS] BT JFaTST AT FATHT (hints) BT BRI, IS8R0,

| a 3T b Tehdh TS SRTcseaT hIC eI FIBIT BT (3Tghell T8 URT), R BUdl S5l +(a’+b?) Theh IR

If you draw a square of side a+b units in such a way then, the side of the inscribed square is
V(a’+b?) units.

So, the area of the inscribed square is a’+b° square units.

SR ! 919 a+b (S JMAS] AR 3H1hd] 78 A& IRIIATIHAY BIEes] R SR -ARETE! dT5]
J(@®+b?) Thd IRIe. T MeR-ARA 8% ¢’+b* RN Thdh SIS 3.

More importantly, the side of any grid tilted square can be written as a square root of the sum of
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two squares, for example (a*+b?)

HE<IT WISl e -BRIGTIRIS DIVATE! KRN AR q19] &I ARG IRoTd I w8 fofed
Is5. ITERUNY, \/(az+b2)

II. Also given any tilted square like the one in figure T9 (A), it can be seen that the side of that

square is of the form, +(a’+b?) units (see figure T9 (B)).

Here it is clear that the length of the side of the given square is equal to

\/(az_l_ bZ)

Figure T9 377?77# 79

I, TR et To (A) THTO! BV RIRBT AR Hefeart a7 AR a1 +/(a’+b?) YdHdTedl WU
31 (377! T9 (B) UaT).
Y B W AR B R¥year A arodl idt |(a>+b?) Tad) AR

From (I) and (ll), it is clear that, for any number which can be written as the sum of two squares,
one can draw a square whose area would be that number.

(1) 3T (1) T, B T BIA B, S G RIS U f3f JUm=an HIoredre! S&Ts! Ush R4
BTl s, SATT ATHS ot T&IT IS

5. What are the possible areas of tilted rectangles (rectangles with vertices on the grid)? (Hint:
Look at tilted squares first).

T BIecsedT IR ST &3hed B 31 Aehela ? (S19: N Pr@cies ok dRA UBT).

Suggested readings

1. An interesting exploration of area and perimeter of triangles: De, P, Sircar, S, Titus, S (2017):
LFHC - Area, Perimeter and Congruency (APC), At Right Angles November 2017, Azim Premiji
Foundation (https://azimpremjiuniversity.edu.in/SitePages/resources-ara-november-2017-LFHC-
area-perimeter-congruency.aspx)

2. A book which talks about Pedagogical Content Knowledge: Ma, L. (1999). Knowing and teaching
elementary mathematics: teachers' understanding of fundamental mathematics in China and
the United States. Chapter 4.

3. A presentation on mathematical proofs and examples of proofs: N.J.: Lawrence Erlbaum

Associates- https://study.com/academy/lesson/mathematical-proof-definition-examples-
quiz.html
4. A short course on mathematical languages and language of proofs-
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https://www.birmingham.ac.uk/Documents/college-eps/college/stem/Student-Summer-

Education-Internships/Proof-and-Reasoning.pdf
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