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Exploring science and mathematics

8.9. Tehdiaelel 3T

Exploring a square grid through rectangles

SHleldT
Overview
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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.

1 e gehHed, e dlee SreTaile fdg arused a1 g 3131 SR Yl S AN, TH AlIDe HIIGTAR
fafaer s TR PR, et fFRleroniasas o 3T fshy BTedess B AT &=t es MO TR Tiedrd BroTare!

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.

Teh HEdTd] el 3121 &l TETe (9T e 18], & FHY B 3R163 IR JAATAT [AgTrl Uicl-Sarex ol v
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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.

T YA $oR AaH -ST) ALY TCH 8.1 307 8.14 - AU Tl o3l SIS, 3. Bl Pl faenedl Wergd b
Frebard. A7, fenefl el BRI AT AT gl Tg AvATATS] HIeHTfRe BRId.

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.
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Three sessions of 40 mins each Classroom
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I Hehr IS

Unit-specific objectives

+  Fldhc HRIGTER AT &ABS M1 IR w0

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

. YA & AT gRFA il dee FHoT oo

Prerequisites

To formulate conjectures based on the areas and perimeters of rectangles

To understand the relationship between the area and perimeter of rectangles

ferermeaia amard anfoT Frepror I erathes aMfor g Aifawlt oy FifEc SRy0 RO 3Tz,

Students should have a basic understanding of area and perimeter of rectangles and triangles.

MesdE

Introduction

el FrapTor ST1fOT ST IR 3Tl ia erAhes M1 GRFAR SdbaT dlew!
3. TR 3Tl &athes M1 aRfAH Afeard ey S o al, arar faaR
Tl Bl BAT 3R BI? SIRT AP &A% dTed deg] ST el ? IR ared
DI HHI BT ? SR IRFH ) ST TR SAB@E B Bl 2

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?

JY, AT &=hes ATOT IR TATd TS ST Fae MYUT INYUIR AR I, TT,
2 BT ATIRTAR Udh He<dTa] 37 312 - TI0T 3 3T YIS MR 3TETd of
e -HRIGTAR (AT 137 M 19 U-T) HIedl U, Adhdld. FUrerd IT I

PR (RRIG) 2 e i s ueor.

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 (See Figure 1a and Figure 1b)

JHATHS JAAGS] dlhe BTG HIC Ual.
Look at the grid paper you have.
TAT, WG AB Tl BT 1 U T2, 31 AT (AT 2 3 AL SRIGSATIHTO).

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

@Hﬁ%?q

Materials

dIhe-HITE (TAD faemeian
RO 9 d IR dlhe-
PRI BTG ), AR

Grid papers (each student will
require three to four square
grid papers), pencil
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el 131 IMFeA 19 Flobe BITSTaR BT I

Figure 1 a Figure 1 b Rectangle drawn on square grid

dIdhe-PIGAR Yhe FUH ok BIVAT Sidal IR 1 A5, < faeneai=r faarT. v o[ ovf Fasears e

HERRIEIEEIE R

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.

SR 90T HOIT ST T Tebe AT, TR XTSRSl 75 The 3! 815, Sff BTaTest) el |t aries.
1

If we consider the diagonal as one unit, then the length of the line segment is /5 units, which is less convenient to deal with.

A ~—B

Sgelt 2 31

Figure2a

3T, NS AB &l Bidl U Ueheh AT AT 2d HElh JATDHRT &has fohell 31, o A2 3 JFeTal T dred,
RICECICIRIERINICE 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.

et 29

Figure 2 b
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T SOATER,, ATST Je8 BT ST = femeafaRIaR ‘aathe & Uh AR U Mg AT 312 ST BIdl, ATTEd T Bl
TR R T DI Yo AR Uhah &I FgUTo] ST 4RATT ITdl Sid] Ueh Ueheh 3115 37T °RATT 8 Ho0dS &I Tha.
IR &AH B qI9], x 19 A, U el

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.

foremegi=T Ue TIRG U &I IS 3MBR BIerIcd] AT, IT BRI 8%he Th TR Udhd bl 3T, o

framT. Serrd o1 &) U Y Sid! 81 19 BT [SgHee i 312, I H1el SaTevyl fe sed

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:

Figure T 1

el U dRE Uhd bl 3Pl HIEITHaR T SR WEIHRT TR,

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

S hell 1: TUeh QYehdh SIha3TH 31S[H SMTHR...?

Task 1: Any more unit areas...?

SNV fHHT QI ST MM HIST, ST AADBS 1 ARE Uhdh 3.
Draw a few more (at least two) figures such that their areas are also one square unit.

qéles Pl HRar, faemeaiar FRFRE SR

P (AR BT S [ DI 90° febar 270° 4
AT ) PIRTIST AR BRI, AT Pl & Ie3 s
T 32 B T WIS bded b G TAd AT — ‘\ 77777

J<gel Tlbe BITaTaRIes Yebeh AR e feha aref- N
IR AT A J SABS DTG AB © [emeiar i -
AT &9, TohT TRV BRI S5t Ao L . mjﬁ'ﬂ
g ATl T2 e ST 3778, o - '

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

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 justa
formula, and that they can actually find the area simply AR T2
by counting the units squares or half-squares on the dot Figure T2
grid. One way to calculate the area of a rectilinear shape

is shown in figure T2.

| TpuaEws =749 the
Total Area = 3 + 4 = 7 sq. units
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et 2: AT AT FI5] TRABIAT T AT aR....

I> Task 2: When all adjacent sides are perpendicular...

3MMPcil 3 A BISH T TSI AT TRSVH I TGPl
R UICId.

The polygons drawn in figure 3 are called rectilinear
polygons.

T =T, AT e d BRI & dip e fagar aries
RUESEE

Remember that all the vertices of these figures should be on
the grid points.

IR BRYTI TSIl &1 331 Ueb qgySIThei] 319l o7 I
UHaR 90° febal 270° AT, J& ARBNYIY TgYSITPhd
PBTe! AMHR SRGacS 3Tad.

A rectilinear polygon is a polygon, all of whose angles are

either 90° or 270°. Some examples of rectilinear shapes are
given here.

SRIT HORAT UTd ATH AT hlel 3 O I SFhS aud
EINERIEAEE

Draw five such figures and find their areas and perimeters.

[ ]
L]

et 3

Figure 3

10T BTYA fhdT TETRN ARSI AT

9l P, faeneai=an & @elld MU QU YT BR1 B daR faesed] AThedT GETel AN AT Bral

BTE! eI g A 2. TITd T &b HIGuIrdl U AT
TEUIS] IHW ST (DI &b AUl fhdT ol HR01. AT Peile G IRy & M= Hel AR 8. AT Pl

GG

rectilinear figures.

= /IS, SRS B ST aoTaTd! Bvad SFhS BIeTIBT AT Hod.

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.

TR T TRBSNYI NPT 31 b1 ATE I, & e iar f=mT s < SRa et &1 ATe I, ITel TIEIBR

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

el 3: SR I hlgl dI9] dd AT aR...?

I> Task 3: What if some adjacent sides are NOT perpendicular...?

3Pl 4 HEY BIEl GgYOIIPpal e, N Hedid
&5 DAl
Figure 4 shows some polygons. Find the area of the
given figures.

Figure 4
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U3l pairmed, faemeaiar gl ugdl 9 &ahe AISTVITS! AIcled BRI, &b AISTuars] Yd g3
ATRTASAT &, 3R AATE1; < I T WIS Yebe IR LT /1] DT febdl AT AR faur]
BT JATIOT T &Il SXIST e 2ADBI, fdha FIepTT g Freheilal ATOT T &= DTG AT, AITATed]
gITET ATIR BT YT &A1 & Byl BTSN & [T FHOIe. dTdHeod] Y| dTuRed] IRIe! &b
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.

SiegT foremelt foRp SId Brecdies, deaT T IRAT I &5hes AT IR Brevarar gl NI .

When students come up with 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.

R eI STIAT S B e ATTVATH] b UG % VTSl 3Tl T3 HE SREGATIHTOT STIATHIE IR BIG 0T 10T A RT3
EEANIERE LT SICEUR

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.

: WTS :

Figure T3

foremeat= sl T4 Aefies sl URFRN HTEV HST0T SIS . Tt T TRHIAFIRT T aTIRTII AT AR Sidl
BISTAT AT 2l ATOT ST Fepell 31 3T, AT Tl HRIYST AT S BYa Aeball. DT aRIST B3l RN,
(S&1, V2 + V2 + V2 + V2 = 4/2 Bl 371107 /8 BIK T8N & faermeai=r A8l & QuaTdl RS U el SR Bral
femeafft V2 + V2 + V2 + V2 = /8 31 Yades, TR T SR WEIHIV TIST AT, /8 i IR AR T
A e faenedfH Had HR1. & WA SUATTS! SIval AT g3 HRUY, BT U AT 31 2rebell (4v/2 3TTOT /8 2T
SR AT TEN, & QI ).

The students might find it difficult to find the perimeter of the rectangle in figure T4. You can ask
them to calculate the length wusing 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 4+ V2 + V2 + /2 = 41/2 and not /8). If some of the students suggest that /2 + /2 + /2 + /2 = /8, 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
(44/2 and 1/8) and see that they are not equal.

JY Th T T eI T0] TR 3MTE Bl Flhe BIIGTaNIS DTS
ORI ATAATATST, AT AT /72 2T USI 3T, S n B A Teh T
.

The important thing is to note that for any tilted rectangle on the grid, the
side of the rectangle is of the type v/n, where 7 is a natural number.

Mt T4

Figure T4
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S el 4: IAT SIS TG AT ....?
Task 4: Focusing on rectangles...?

dIehe-BRIGTIR UTd AT PI31. & BRI Y1 1a] el Sl
Draw five rectangles on the grid paper. Keep in mind the following:
1. I BRIfSG @ =lecd fig sryes urfgord.
The vertices of the rectangles should be grid points.
2. ST dIATesyT HTAT 7R TR,
The rectangles should be of different sizes.
3. fHH geb a1 71 "R (FHGAT) ST UTfgol.
At least one of the rectangles should be tilted.
4. TR AT o5l SR AR &=thes SATTOT TR AT ot arfor
fore]. JreTeT SN d2l Fale!, JTaEe daai Bl

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

Pl 5 ¢ v ebT STTIT
Figure 5 : Tilted rectangle

A BRI 7 Fiacd fdg oo uifgord ! (3mdit 1 92T)

The vertices of the rectangles should be grid points!

IEIS Piics TAD SIS ATS!, HodTdR qadl T1 HHTUN Udh o BIe] AT faemedi=i drecsest A1y siadn (qa T1
AL, 12 Yoheh TR 3RT5e) U STERYT o) 21e).

For every sub-task in the next task, draw a table like table T1 on the board and record the students’ findings. (Table T'1
provides one example for perimeter equal to 12 units.)

aRfrRR 12 THd
Perimeter is 12 units
KIDIGH @iat Ll AABD
Rectangle Length Breadth Area

i 1 5 5
ii 2 4 8
iii 3 3 9
iv 4 2 8
v 5 1 5

o<l T1

Table T1

SI@T o] TRIME A1G BRI e8] Sidl Facdl [hdl SaRedT HHAT AIG HRUITIT HAT BRI, SV [qened =T Gidl
3ATIOT ST TS AT BT U5, THT DIV I Yeh=ay AT AT IV Teh=ay TSI SMTOT H17?, AT
feremeaiqRiaR ==l H1.

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?
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qeIRET, Sidl faeg &=Ihe AT 3fTesd BIg bl JMey@r e FHM AfeIdh W 8IS .

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

3ITIUT =T ST MMUA S bl D Steal IRFA 16 Theh M=, T FaTd AIS AFHS AR ATIS A8 (Sid]
3101 BT AT 3ATR). STeg] YR 18 Yeheh 3118 <eT wid MM Bl JiedTdIes BReb A [IcTehT B! AT Hald
HIS &3thes e, ATYUT YUl AT dTUR HRel RIS Hald DHHI BReb 1 JF| & S&TI UL &l

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.

16 3ATFOT 18 T S =T T YR WU s e Jied, HIRUT ATHD! UhT TR (16) JAMIITST U AIRE fHosdl
ST S 16 AR Thdh M2, AIH A1 TATS! (18) ARW Hesd ATE!. Il @i B AT af gRE & 4 =
IS SRTATaRE BT aeTd IR IR [Fesdl. T ALY - Y A9 [GA1Rs 3He] B, “dldhe BRITaR
22 YR =R 3R] 23 BI17?” AT STRI! DR IS AL

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.

T AT TCHMeIS Td IU-H 1G], Sl Jre! dRIMel Aig BRI, deal gre! Bidl gecdl fhal I HHT
AISTIATIT T H 3], ST (AT Bidl o1 S AT=Tiies sdfidy Serd I5a.

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.

et 5: aRfAH T9=, goT ST AT .2

l> Task 5: Perimeter same, but rectangles different...?
5 7
Sub task 1

1. o e -HIIGTAR 3 A I BT, ST TR 16 Thdh 3T (JFeTeT TR BRI dd< JATA BIeT).
Draw different rectangles on your square grid, all of which have a perimeter of 16 units. (Draw as many as you can.)

2. T AT AR SMETRT e fesesl e wRT.
Complete the table given below based on your rectangles.

3. DIUT I SFHes Fald SR 31 ? HIOTRT AT &HABS ATl BHI TR ?

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

4. JAT daANIe Hfecire gos Tl SRl daxdciies ATfecial b1,

Compare your table with those of your friends.

5. JHT THRATIAR T TG R 318 H17? R 8T 3T A D172

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

Alg: AT TR € T R 3refl .

Note: “Semi-perimeter” of the rectangle is half of the perimeter.
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aRRfrH 16 THes
Perimeter is 16 units
| @it e refaR e Bk
Rectangle Length Breadth Semi-perimeter Area

i
ii

GESIN

Table 1

SP T 2

Sub task 2

1. o dIdhe-HITETAR 3 A A HTal, ST TR 18 Yeheh 3T (TFeTe] AT BIRITE dde AT BIeT).

Draw different rectangles on your square grid, all of which have a perimeter of 18 units. (Draw as many as you can.)

2. AT T AfeiaR e Ye faeT et R

Complete the table given below based on your rectangles.

3. DIV YT &=thes Tl ST 3178 2 DIV ST &=hes Felcl b1 38 ?
Which rectangle has the largest area? Which rectangle has the smallest area?

4. JHAN daATIS AT ST SR Afe Aieard Jesl BRI

Compare your table with the tables drawn by your friends.

5. JHAT AIATIIR T YHIGT dIRY 3”%37—[7

Did you get a square in your table?

aRfrdt 18 The
Perimeter is 18 units
I Sidt Ll SrefaR et HERT
Rectangle Length Breadth Semi-perimeter Area

i
ii

dddr 2

Table 2

AT BRI & e fdg ores aifgsid ! (3l 1 98T)

The vertices of the rectangles should be grid points!

9IS Felld, TD SUPBATS!, HheodTar Udh el T2 HIRWET qad dleT 30T faermeaia ey Higar.

In the next task, for every sub-task, draw a table like Table T2 on the board and record the students’ findings.

ST &3 e 36 AR Udhdh A <T@l ARAM! (TP 19 6 T ) IR Faia BT 3Ries, Bl 7S G3efTd AU 1.
IR TATE feor e S RIS S1F Sidiae e NiddhT JIeT 3e, fordes aRfE) S 3 ies & 9.

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

10
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G ARATHD
Areais square units.
R @it Ll SrefaRfre aRfrdt
Rectangle Length Breadth Semi-perimeter Perimeter

i
ii

o<l T2

Table T2

o

BT FEITT 1 B & faosedl SUGUD! BHIT B Q9 SUGATS] JraTe! R i fha b el o,
ST &% e IR faoredT 8B aBIUae TS,

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.

SR faemmeia Tad g 8l I&Tex0 Gao! AR, IR i1 IR AT BISUIATATST aTahT (hint) BT 37107 il &3hes
AT aRTACH HISTIST |

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.

1 FeiHe, el T H=ian aTiR HRAAS; 36, 17 AT 24, ! TR FRAFTS! IAT0d DR AT BIed e,
ST & <l G A .

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.

B 36 FAIT BIE! ATITTERIIR Tl Ueb TIRY (6 U dTopan) fdes; rarel fakd sfadadies Hesdies s
EFha 36 TR Uheh 5. &the 17 AIST, eI b 3741 I fAoses ST TS Tlhe BRIl A& FH R
3clles, S AU dRE 9. U JFl] 895 17 dRE Udhd AT [IReT 4R Ao (3Tl T5 JaT).
SFHS 24 2T qEA, JRTST Adhe BRIEGTIR AR ABUIR e, 1R 3 1ad fAwdiss o T, W MM oy
A, TRIY TS, &13h s 24 =T ATalId JFaTesl b IR ebT AT fHoses, Sl 8 dRY Tebeh &It aesed 3 foRaT

ARAI 3T TSI A (3Tl T6 TET).

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 T’5). 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).

el 6: 3TN, ThTgl GHH AAHhBA Hd...?

I> Task 6: Now, some same area rectangles ...?
5 7
Sub task 1

1. gHAT dIhC-DNIQTIR &AHod 36 IR Ybd 3T che; I YT Plal. (gf’E’Io’)I AT IS qae 3T BT )
Draw different rectangles which have an area of 36 square units. (Draw as many as you can.)

11
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2. faoear qacard wnfady wR.

Fill the given table.

3. JFETa] UETel ARy ATt 617

Did you get a square?

4. JAE1 dadies Hifec i1 SR ArfEdt Jiedred o Bl

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

SFHS 36 AR Thd
Area is 36 square units.
A Siet st CEEINER)| LINER]
Rectangle Length Breadth Semi-perimeter Perimeter

i

ii

GELE]
Table 3

Sugdr 2

Sub task 2

1. gHAT dIDC-DNIQTIR &AHed 17 IR Ybdh 3 ches dTdTad T Q’)Icél.(g“ﬁ;l("ﬂ 3R BIKNS TdS 3T 1S )
Draw different rectangles which have an area of 17 square units. (Draw as many as you can.)

2. feorean Jacara Hifee wR1.
Fill the given table.

3. JEETal UEIel ARy ATt 617
Did you get any square?

4. JHN qEATIS AT SATOT ATicies SR Afed Aieard gesl BRI

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

17 % 1 fhar 1 x 17 AR WUTAS JMATIRETR, ST &Thd

17 IR Qaheh 315, AT NP T5 HE TRITATIHTY T (el
AT e e 2ehail, Sl HIR 37T

AR AT = 12 + 42 = V1 + 16 = V17

U, dIR™Td &3™h o 17 IR Uhd ‘6I&EC’).

B 17 AR T
Area is 17 square units.
I Sidt Ll SrefaRR et afRfrdt
Rectangle Length Breadth Semi-perimeter Perimeter

i
ii

dd<dr 4

Table 4

—

47

4 uni

1 unit

3MHeAt T5

Figure T5

12
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Apart from the standard rectangles like 17 x 1or1 x 17, for area 17 square units, one can also get a tilted rectangle
like the one given below.

Side of the square =1/12 + 42 = /1 + 16 = /17
So, the area of the square is 17 square units.

SEERIE

Sub task 3

1. &FH® 24 TRA U 333 I8 AT BT (TFRTAH] IFT BIRITS TdS I BIST).
Draw different rectangles having an area of 24 square units. (Draw as many as you can.)

2. X i\Ci(*%IIH"IIUI Th dadl 941
Make a table like the one above.

3. R BIeedl JYAHL TreTe DIV TRI UhRay 3T feaerd o172

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

4. T AEATHS ATfTel g1 e’ SR AlfeaRIaR BT

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

[N aN

6% 4,8 X 3,12 X 2,24 X 1 AR WHIAd AIA IR,
24 AR Thdh AFTHSTS! el T6 A IRETATIHAY T
foR@T 3MIdedle A aIdbdl. ABDC TR UET. SR gl ABDC
HTes IR Tebehidl] HRT AT, TR JeaTesl 4 Gui AR (STl
TS Ueh Ueheh 3ATR) ATOT 8 3f8 AIRY (ST G195 U Yebeh 3T )
[GESIC

M@ FIRA ABDC T &% = (4 X 1) + (8 X 1/2) =8 RN
UhdH

U, JATIT ABHG d &1H 8 + 8 + 8 = 24 TR Uhd BlS03.

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 ABDC. If you count the number of unit of
squares inside ABDC, you will find that there are 4 full unit Figure T6
squares and 8 half unit squares. So the area of square ABDC = 8

$q. units. (4 + (8 x 15))

Hence, the area of the rectangle ABHG is

8 + 8 + 8 = 24 square units.

et 7: SMTT, GHE Sk o1 Ia= uRfAT sraet«t omaa...?

I> Task 7: Next, rectangles with equal areas and equal perimeters...?

! 3T GIF A6 I Bl Bl ST TR 14 Uehep S0 &A% 12 AR Uhdh 318 2 Jre! [ohall diTdTes I Bl ?
T BIehed AT G5 SR DTG5l IR BRI T I AR AT T2

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?
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TFRIT e I HBTes H1? T IR B AR, JAD IR SR 10T RNeTesi=T A, 31 2 T8, 31 BT
qTCITNT, “PT ATel 3T faaR &v.

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?

B Hell gl SR, Jeles [eTiard] Sre! syl urererdren JaieT R1 (A3 Fa=auTa] STORdT e qHean
fqenegidh g U, ABd).

After these tasks are completed, try to reach some conclusions for the following statements (More such statements can

come from your students.)

1. B 3T AR B SR AT &5 dTees, axT IR BT Bl

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

2. B IR IATE B 9N A IR arecst, a¥t &% HHl B,

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

3. 3T AT FFANT of Uhad AN, IR 1 &IHed FHT fdhal URTAT T 3T,
There are rectangles which are not congruent but have the same area or the same perimeter.

4. IJTIAT &% es M1 IR JiedTd wlvrdre! € Geer T4,

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

5. SR GIF S &3 o1 IR SIe! THH 3Rl dx o 3T Uhay AT

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

ALY : SR SIS &=t AT IR STeT o 3T R o 3 Uh~ay TAdTd.

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

Rygar:

Proof:

fereyos ofTs : ST 1 37111 317 2 il &rahes |1 SMIfoT TR Fo1 e,
1, T by B UfEeT ST ATehH a1 AT T 312 ATMVT I T by BN ST AT STHH Siail MO B 3T,

SIve] AT &5Tthe THIE TR, B o 3TR.

Given that: Rectangle 1 and 2 have the same area and the same perimeter.
Letl; and by be the length and the breadth of the first rectangle, respectively, and l2 and b2 be the length and the breadth

of the second rectangle, respectively.
Given that the area of the two rectangles are equal.

TR, 11 X by =12 X by ......... )
T 2 (I + b)) = 2 (Io + bo)

RS (1) 9 (I11) a3,

(I3 + by — by) X by = la X by

R, loby + b1by — b% =

biby — b2 = Ioby — loby

U, by (b2 — b1) = I3 (by — by).

UM, (b — la) x (b2 — b1) = 0.

TR, TPHaAR by = by [hdTly = by SR by = by, TRy = 13,
(I) TEH. SR Iy = by, ARy = by, from (I)TEH.

So,l1 X by =1y X by ... @
and 2 (1 +b1) = 2(I2 + b2)
lh4+by=la+ba.... (1D

From (I) and (II) we have,
li=1la+by—by - (I11)
So substituting (III) in (I),

(I + by —b1) X by =13 X by

S0, laby + biby — b3 = l2by

biby — b2 = laby — loby
Therefore, by (b2 — b1) = la (b2 — by).
Hence, (b1 — l2) x (ba — b1) = 0.

So, either by = by or Iy = by. If by = by, then Iy = [,
from (I). If 5 = by, then Iy = by, from (I) above.
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I SIe! TATIHE, I8l IR by 3MTad HIRVT Jiedl ST 915] FH1 e MM | DI FH1 M.

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

ferermeaiaT gdies v SR dlebe PITTER 2 TN, Jre! AT 3T SATURIT STHiTae AT ] 3Nehl.

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

il 8: TAlhlaRIaR ATOTHT FTgl... !
I> Task 8: More with the grid...!

& oal, Il Bleasedl 94 hid 9d RRIfNG 2 dlde-fdgar o/ uIfgoid. didhe-HrTaral aruR &1 3117 Yeis
EESICISSNECIN

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:

1. SR AT et ST St AT ARAfiieh Wi Seiies , SMO1 T &1hes B ferH Wivea 3i¥es, TR T SRy
SrefuRfAcTee el B AiTTes ?
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)?

SERSISI RN

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.

2. SR IIYATAT STt 3T ST AT A=A Teh TR <SS, JATOT ) SrefuRFA &Y forww e ey, ax <t siaar=an
BB I BIY A ?
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 SRR v o/ e, TR I 31ef UshaR SidT v wivea a1yes fohan St fawm Hea ories, 31O Gt | 99
RIS, TWU[E AT YUIMDHR RIS EAhe TH AT .

If the semi-perimeter is 0dd, 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.

3. AlIHC-BIGTAR BIGl (DI EFABe DII-DBIY 3 ABT ? AT JLATeAT Hd US| (AT AT B2
What are the different possible areas of triangles drawn on the grid? Are all the multiples of half achieved?
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3781 IR YTl USTiles 9d &3thes (A FTehdd. IaTexune,
3l T7 He freses BrepTor uel. SR el &1 ufshan a1 Sael,
TR JFeTAT ST HIVRIE! 0T e AP

All the multiples of half can be achieved. For example, look at | ] 3
the triangles given in figure T7. If you continue this process then %Sé_ units 1 . units %sfq_ units 2 g, units
you can get any multiple of half. s 1o wme 3= vee 5 <

s weE A e e vew 24 tee

3t T7

Figure T7

4. HHC-BRIETER Bl ARA SFAHS B 37 3D ? (AR I15] YUlTeh HRAT AT Te3, 31 T8

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

forermeai= & wE e, &1 qul o Ad4rdl d 31 Ueh
dRE BIg DA AT &ABD T AASdbd ATe
(IR aT5] B YUl o AT A @INae! 31e).
SAR BIE] AT AT DI, < e farT. s
AT ALVATATS! Bl BT AT Gl
(hints) TITRT BT, IETEUMeS,

I: a 37T b Uchh dIV] AHFAAT hIChIT Braror =

(3MP<H T8 UBT), AR HUITl Gial /(a2 + b2) Yebeh
3Te.

It will be obvious to the students, that for a perfect
square number one can always draw a square whose a
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 (ﬂﬁﬁﬁ T8
looking at other possibilities. For example, Figure T8

I: Consider a right-angled triangle of sides a units and b
units (see figure T8), then the length of the hypotenuse

is \/(a? + b2) units.
SR 1 419 a+b U JASA] AIRY ATPell 18 A TRITTIHY BTG AR AR -ARATA 915 /a2 + b2 T
3. T AR -TIRAT &TBS a2 + b2 AR Yeheh B9 3.

If you draw a square of side a + b units in such a way then, the side of the inscribed square is y/a2 + b2 units.
So, the area of the inscribed square is a® + b? sq. units.

ON O\

HETATd Sl AIPhe-BIIGIaNIG DI [ORET ARAE! d19] &9 =l SRold e =UH foafedl 56,
SETERUNY, v/aZ + b2

More importantly, the side of any grid square can be written as a square root of the sum of two squares, for example
1. A 3TN T9 (A) THTU DIOTATE FRepT SR HAIT T AIRAT AT /a2 + b2 Tehep =T /0T 31T (AT
T9 (B) U=T).

Y T TE 3772 B! fcsedn AR aIs@! Bidl Va2 + b2 Tael 32
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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,
Va2 + b2 units (see figure T9 (b)).

Here it is clear, that the length of the side of the given square is equal to /a2 + b2 .

(1) 30T (11) I8, & T BI D1, QI IR ] IR ST Fe UL fosfadll AUT=IT HI0TITe ] HRTS] Uoh dRY HIad Isas,
ST S AH e < T 3.

From (I) and (II), 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.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

@ )
JMPeht T9

Figure T9

5. ! BIecsed fRaT AR &T3thos BT MY AbaTd ? (S1U: e Bracses iR =R TaT).

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

& ST a=aEdT [ e

= Suggested Readings / Resources

« 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 Premji Foundation. https://azimpremjiuniversity.edu.in/SitePages/resources-ara-
november-2017-LFHC-area-perimeter-congruency.aspx
» 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. New Jersey: Lawrence Erlbaum Associates.
o A presentation on mathematical proofs and examples of proofs:
- https://study.com/academy/lesson/mathematical-proof-definition-examples-quiz.html
« A short course on mathematical languages and language of proofs:
- https://www.birmingham.ac.uk/Documents/college-eps/college/stem/Student-Summer-Education
Internships/Proof-and-Reasoning.pdf

N
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