Vigyan Pratibha Learning Unit Exploring a square grid through rectangles

LU 8.9 Exploring a square grid through rectangles

AlbcIaNles A

Overview
JTeldl

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.

o C
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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 eI TehM, el diee HRRIaRIs 4 ara=a 81 Y3 AT07 IF3M gaR 6] IR I,
d9g dlhe hHTeTaN fAfde g TN BRdlis. il ANIevias o 3T f5hy Pladies Bl I

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 el Hedl 3N Bl GETe (98T T 18], & A S AW o) AT fagmre gf-
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DN,

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 YFAEET SR A -STH MEITT TTH 8.1 JAMV[ 8.14 - IIU™A al b3l SIS Add. &l Pl (qene
TG Ba DT, AT, fenefl pell e SrAdT Aiednd =i ggH AvATATS! AITfEed BRI

Minimum time required: Four sessions of 40 minutes each.

P 3Ta3g® A : 40 fAfeid IR 3.

Type of Learning Unit: Classroom
I IShTT YhIR: T
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Vigyan Pratibha Learning Unit Exploring a square grid through rectangles

Unit-specific objectives
I Hehl e

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

AdHT HRTGTER AT &% AT TR Hraol

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

3T &TAthes ATOT TRFAT FTaR SATETRE JFATT TAR B

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

Prerequisites

LCELR|

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

femeaie g 3T et A &ahe SAoT AR JifIw ey Arfed S|l IRoTd 318,

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 rpior JfoT STy AR 3MMPedid &A%hes AT YR sFhal Ples . THTET Ml
&= SO URTACT Fieard Hefer H1a 3Acl, A R gt Bl Hesl ATe B1? SieT MMpeira &Ahod
qTe <TegT b1 81l ? TR a1ed B ol Bl ? SR URTA B! SITel] TR & hoTd b1 BId ?

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, I &Tthed 30T IRIFT T TS ST Hael YT 3NN SMEIT. TTH, § DRI SMIARTAR
Teh HEITA! 3T 32 - 3MIUT 3 3T UIBUIR JATEIT S lhe -BRIGTAR (377! 137 M7 1§ G8T) Pl
U, FABA. TS AT AR HIR (RRINY) & Al g ares urfgord.

Figure 1a 377?7_\#737

Figure 1b: Rectangle drawn on square grid
31l 1§ : Flebc BRIGTAN BIGeIcsT ST
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Materials required
HAATST SRV AT

Grid papers (each student will require three to four square grid papers), pencil
\ C \ o —~
e -BITG (IS [TeaisT ERIYY T d IR dldhe-DHRIE SIS ), U-Ia

Look at the grid paper you have.
JHUTD S HH S Al tI\IdDC'CbI‘IC{ e Uzl.

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

TAT, NUES AB Al Bid! 1 Udheh 31T, 3 AT (377dpel] 2 37 HE) SRITITIATI ).
|

- A—B

Figure 2a 37l 2 37

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 L aY o\ C [d o\ C
FIdhe-BRGAR Yhdh U SR BT Sidral f[IaR Bl 5, o [Fened=r =T, vee B[ ool
Mas eI 1 8l e, Il Il H.

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 3{TI0T BT et U Udhdp AT, IR YTRISTAT et % Uheh Sdd] B, Sil BTl By 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, NURES AB Il Bidl Udh Uehdh AT 377ghcl] 2 § ALl JATHIRT &AFhe el 31es, o ARM? 31
JFeTe] B dTed, ATEe JATATAFI =2l DI

L 4 L 4
L L
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
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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 TWATER, ATST ded T SO JHT [TeedfaRiar ‘eIathe & Uh dIRY b 3z’ IrdT 3 B BIdl,
AT < dl DRI TR WR BT DI U AR Tebeh & B FUIol ST R IIod] Sidl Ueb Ueheh 3ATe 372l

HIRATT B BITAS &IADed. TR &hos e AT x dTS A, B[ T,

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:

et e IR Uad SFha T MHR HIEHIS] R, I7 AHRIY 8THS Th TR Thd
1 3ATE, I [I=RT. SET Sd1 B Yeb Uebeb Bidl 81 a9 oicred fdgaeles 3iaR 2. Ye Bral Iyl fao]
SIS

RN
W

1

1

1

1
- o=

1

Figure T1 3Tl T1

After the students have drawn figures of area one square unit, ask them to justify their answers.
et ve AR U I h T SMHT BIGedHdR T SR TEIHR 0T fIaRT.

Task 1: Any more unit areas...?

Fell 1: Th Uoheh SADBRTd IS MHIR...2

Draw a few more (at least two) figures such that their areas are also one square unit.
SNV fHHT SIH SMTH T 3121 HIST, ST &FHe 1 ARYT Yhdh A,

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 unit squares or half-squares on the dot grid. One
way to calculate the area of a rectilinear shape is shown in figure T2.

SIS il BRI, faened[r FRERTGA R e (13N BT i Fd B 90° fohar 270°
STACIRT) BISTIST AATE BRI, T Helrdl G el AT 378 Pl &Thes TS $hdcd Yeb Y3 - ©
ferene = qHeIeT 84 3101 IeIelTd dibe BRIGTaRIe U dIRAM! AT fohdT o1l - R| e d1e
J B PIG ABAI. ThT TRBVYRI ATHRT &He AU Ugd 37ghcd] T2 HEd SRITc| ATe.

Area = 3 sq units gt = 3 it Y

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

N TN
I mm;?\}ea=4sq. units
P [ = 4 3.

o]

uT e = 7 °Y. Wb
Total Area =3 + 4 = 7 sq. units

Figure T2 3Tl T2
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Task 2: When all adjacent sides are perpendicular...

el 2: STRT FITAT 1G] THABIAT B SIS ...

The pnolygons drawn in figure 3nare caIIedﬁrectiIinear E)\olygons.

3Pl 3 ALY PIE 3T TSP AT RIRYT ggYoIPdll FgUIId.

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

ET BT, A1 AP | BRI 8 A i=n f[dgar 3res rfeord.

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

ARBNYII TEYSIThll Bl 3701 Yeb IgqoTIepeil 3, ST BIF UehaR 90° febam 270° IRAATC. & TR
qgYSITdhiId DIal DR STEdesol e

Draw five such figures and find their areas and perimeters.
SR UhIRAT UTd STPAT Plcl 3 U T /e o d TR Blel.

Figure 3 3ﬂ§77ﬁ3

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.

Udles Ppeiied, faemeaiear 8 Sefd SMvH Qudrel YT HR1 Bl o) fqosedl Ahedl TEre WRaNy
Tpeilciics DTEl f2repTor BT fehel TETE AR@BRYI STl Brel fHehior STg H 2rehdldd. T i
&3t HIGUITIT Ueh I FUST SHW boredT [HebIvNd &5hes [Hosq0l fehar il BT, IT el & Ifey
2 MUTAT Pl ARE TR, AT Peligos [Aenmei= IS, RIS B3ae AT ISAETDH] B &FABD BIGRIA]
EINSIESNECIC

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

T AT AR SMHT MM fhar AN, 7 feneaiHn =Ry oo &1 aRey ™ et &1 A1eid, I
TGETRN T T A &l
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Task 3: What if some adjacent sides are NOT perpendicular...?
Helt 3: TR ST FIel 919 H9 TS aR...2

Figure 4 shows some polygons. Find the area of the given figures.
3Tpct] 4 FEY BT] TgYSIThil TS, T ATH AT &ABo BIST.

(1) (2) (3) 4
Figure 4 377?)7#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.

UEle Ppamed, faemeafr waRlt uedt aued dathe Aarare! Aicdfed SR1. AAhe AISTUATITS!
TG Gd ARIIS] B, I ATB1; o I T I Yebeh AR HReT AIS] Jbelld [l
ST ARATHE [IHR] FreheiTel 0T AT &bl dxIoT Ba BT, fehal Frepior a97g Freheira 3T
AT &ADes DTG 2Ahelld. I o] TgiTel aTuR hedios TETE &3 &5heo hd HIadld & fqenegi

IO . AT gl dTIR T aNle! & AR Idl, Bl T Helld g os.

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.

SicgT faeneft foRd I Fredies, T@T T 31 MU ah 3O TR BIevIT=ar Ugdl AT
{I- .

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 &b NGUAT! T Ugd BUTSl 377! 73 A& SRIJSIATIATY] ATIATHIIAT AR BIS0T
MY AR BT S HS TSI Bl

P "

Figure T3 377??7# T3

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
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do this is to square both the entities (4v2 and v8 and see that they are not equal)

e[ s7ghd! T4 RS AT URFC BTl BO TV ST, ATdhe]. T¥e! AT UTIARTRAD JHY TR
AR Bidl BIGRIBT A bl AT ST fobell 31, 2Tebed, IWTET Fall HRITST Tl B 2.
T ST F2 PRAT, (IT1., V2 + V2 + V2 + V2 = 42 3701 V8 & e & faemeian Argid e
QU IR UG 2. SR DIl fAenmedi=l v2 + V2 + V2 + v2 = V8 311 gades, TR i1 SR WE BT
IIAT AR V8 DI IR ATe & A IS (A1 Hed BRI, & FHS SUATAIS! alvel fien @i
HROT, BT U A -G Adal (4v/2 M7 /8 AT Team o1+ 181, © Ug).

Figure T4 3ﬂ§’7_rﬁT4

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 HedTd! ME S Ul TR A8 DI AIdhe BITGTIRIS DIUITe! R JARAATATST, ST J19]
Vi TBRTET 3R, S n &1 - _IHTD HT 4l

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

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

dIhe -BITGTIR UTd AT BIGl. & HRAT Joies bl el
4T

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

T BRI g Secd g ares aifgor.
2. The rectangles should be of different sizes.

I AT ToodT AT 3T TTfeoid.

3. At least one of the rectangles should be tilted.
a1 Teb TR 3T KIRebT (Il ST UTfeo. Figure 5: Tilted rectangle 31l 5: [RaT 3T
4. Measure and write the area and the perimeter of the rectangles which are not tilted. Discuss
how you got your answers.

R 3MTIT T, SR ™ &AFhes JAMOT GRTACH HISIT 31071 {38, TRTaT IR B3l Farsl, Jaes

EEIGa
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The vertices of the rectangles should be grid points!

(mmﬁq%waﬁqmmzc@

For every sub-task in the next task, draw a table like Table T1 on the board and record the
students’ findings. (Table T1 provides one example for perimeter equal to 12 units.)

GSTs Peilelics Tcddh SUDATST, heodTaR Tedl T1 9T Ueh Tar] dhle] AT faermed =l dhiecses! AU Aigd]
(T T1 R, 12 Tdheb YRTHT 3T 5ol Yeb IaTev YT foes 31me).

Perimeter is 12 units
R 12 Thdh
Rectangle Length Breadth Area
3T ZIEIl R gTHD
5
4
3
2
1

Table T1 I T1
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?

Sleg] IR THIME] Fiq D T deaT oidl el fehdl ST SHHT g HRUATAT T BRI, SUTh ]
faemeatar @idt anfor ¥t JFnhes MMGhiey Fard 5@, qUHT DIV IMMAT Yhey Aed 3T HIord
Thay ATeld 3T 617, AT faemeateRIaR ==l &,

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

qaGIRAT, BT fa%g &5t Al 3Tesd DG 3Dl AT FHH 3fereh WY &1, 2.

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.

3ATIUT T SET 3MUA I Dbl DI Sieal TR 16 Tbdb ATe, I Fdld AIS 8B AIRAT ATIe50s
3fT2 (ST 301 BT A 3MTR). ST TR 18 Tabdh 312 dIeal Sid1 301 BT AT BReb 2 KK
DA I Fald AIS &FABes fHesd. YT YU HAIET TR B AU Faid HHI B 1 3l &
BT SITU[ 1.

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 3T 18 AT ST =T 3907 URFACH U FFaeed ed, BRU ATUD! U] RS (16) TS Uh
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ARY el ST &% 16 AR Yebeh 3MTe. A13 G-I TRIATS! (18) dRY e A8l Tl =i Ha
el B IRFT € 4 =1 Ul sIedraRa JreTal dacdrd URfdET FIRY fFesdl. B AY 3 T
3907 faTR Arehall B, “dibe BITGTaR 22 TR ARY 31 3 B1?” il IRId] BRI RIS
[I. .

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 YT TCHMUIS Fd SU-PHATS], STegT Jvel daaTHEd Al BRI, T Il Bidl gl fdhal IavadT
SHHTT ATSTATAT YA Ha ADT, AT [emea i« Siat s S Ti=amiies piaee Berd 5.

Task 5: Perimeter same, but rectangles different...?
Helt 5: TRERN TAE, 901 3R IS .2
Sub task 1

z 1

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

gHdl t{\IdDC-CbI‘IC{ICH 31@[ TdTed JATId dlal, ST AR 16 Udhdh I (g*’él(’él AR Sldnloé ddo
3T DhTaT).
1. Complete the table given below based on your rectangles.

AT ST AR TR Y& fesod el 4.

2. Which rectangle has the largest area? Which rectangle has the smallest area?
PHIOTCT ST SAH e AT SR 31T ? DIV AT & HS Adid DHH! AT ?

3. Compare your table with those of your friends.
AT dadTciles Hifecr gebl SaRiedl daedleics AT BN,

4. Did you get a square in your table? Is a square also a rectangle?
T TERATIAR AT TETET IR’ JATe BT? AR BT I 3R D17

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

e : T "SruRfA B <t uRfFc =T ardf s

Perimeter is 16 units
IR 16 Yhds
Rectangle Length Breadth Semi-perimeter Area
3MId 1Ll sal S BEINER] gTHSD

I

Il

1]

v

\Y

VI
Vi

Table 1 7T 1
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Sub task 2

2 2
1. Draw different rectangles on your square grid, all of which have a perimeter of 18 units. (Draw

as many as you can.)
qJaA1 Alh e -BITGTAR 3T TS ST HIaT, ST TR 18 Tdhd IS GREIEER SIS ISEL

3T BIaT).
2. Complete the table given below based on your rectangles.

oA AT AR TR Y faesT e 4.

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

BT AT &hod Fdid ST 31T ? BIUIT AT &the Adid hHT 37 ?

4. Compare your table with the tables drawn by your friends.
AT TaTcies Aifecil AT ST A<l Iredrd ol B,
5. Did you get a square in your table?
AT TRATIAR AT GETE] IR 3178 BT 7

Perimeter is 18 units
IR 18 Yhds
Rectangle Length Breadth Semi-perimeter Area
SINK] S5l Sql S BRINEI) STHD
I
Il
1]
v
Vv
VI
VI
Table 2 hr 2

The vertices of the rectangles should be grid points!

s BRI & ieds g e mifgsia! (et 1 9re)

In the next task, for every sub-task, draw a table like this on the board and record the students’
findings.
UG Pdlld, Hd SUPHIIS], BoodIay Ueh qardl IeT JTIVT [Aermefe [py Figar.
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Area is ____ square units
gA%G __ ARG UHd
Rectangle Length Breadth Semi-perimeter Perimeter
SN ZIEIl Sal SBEINEGI TR

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
lowest perimeter. And that for a given area, larger the difference between the two lengths, the
greater is the perimeter.

SIEET 8AHes 36 ARA Udheh AU deal ARAT] (T q19] 6 Tebdh ) URTHIT Hld HH1 e, B S SHelTd

AU &1, T QTR [T 8FBaNIc] S SidiHdies B fTde! Alsl e, frda! g s
3 B .

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.

ST fos e, ST 8o aR eyl ehIvde IS,

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 @ g 81 IS8Rl ool ATeid, aR AT [iRd AT BIevardre! AT (hint) B ATf0T

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.
a1 pdtaey, faenedi 9 deaien iR Rl ; 36, 17 3N 24. Fitd! Yddh FRA[TS! dITdTwd] JhR

I BlIedes, ST S AH <IId AT 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 Tbeb a5 Hades; JRTaT ik AIdadies
Aredles ST &3t 36 ARY T 3. &AHhe 17 WISl TRIGT Uh 391 AT [Foses TN q19] dldhe
BRIGTA] JETHT FHITR AT, Sl (AU IR THSG. I JFRI3T A% 17 ARG Yhdh RIS Al
foRepT TR Heoes (37Tgpell T5 UaT). &1t 24 2T JIaiId, JRal@l didhe HITETaR AR HRUIR T8, I
3 3T Hciies of Qlvel, A AT ok i, 2y w=ursl, &the 24 =1 IIEId JFRTAT U faRaT
3 fHeses, STl 8 ARY T &1 thes ST 3 foReT AIRAT! e aeesad1 3195 (377hdl] 76 UaT).
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Task 6: Now, some same area rectangles ...?

it 6: AT, BT AN SABB IA...2

Sub task 1

STl 1

1. Draw different rectangles which have an area of 36 square units. (Draw as many as you can.)
T Alhe -HITRTAR I IS AT BT, R AADBS 36 AR Uhd S (TRIA TR Bl
dde T hlaT).

5. Fill the given table.
faoy e daedTd Hifgd W]

6. Did you get a square?
J=TS1 UEraT ARY TS 617

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

oA dadTciles Hifecl SATOT gaRid! ATl i gesl BN,

Area is 36 square units
DS 36 AR U
Rectangle Length Breadth Semi-perimeter Perimeter
3 ZIEIl sl SBEINEG) BINER]

I

Il

1]

v

Vv

VI
Vi

Table 3 w13
Sub task 2

Sugil 2

1. Draw different rectangles which have an area of 17 square units. (Draw as many as you can.)
JgHl TJ\ICbC'CbI‘ICiICI‘i 3 IS I dlol, ST dF%hd 17 IR Uchh 3HH) (g*‘éloﬁl TR BIKIIe
d9Q AT DIaT).

2. Fill the given table.
faroyedT daard HTfgdt 1 .

3. Did you get any square?
JETAT THTaT AIRY HosTesT 1?2

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

1 daATcTes Afecil ST GTictIed gaxidl ATfa<d! ATeATd o5+ B

Area is 17 square units
B 17 AR Thd
Rectangle Length Breadth Semi-perimeter Perimeter
SN SIEIl S SEEINERI BINEG]
I
Il
1]
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v
\
\
Vi

Table 4 714
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 = V1%+4*°=y1+16=v17
So, the area of the square is 17 square units.

17 x 1 fhar 1 x 17 AR WIS JITIRET, ST 9% 17 ARG Thd
32, 3T 3Tl T5 HE) SRIGITIHTO Ueh [T ATIda e [Heg Arehell, Sl

1

1

]
7=

1

AR oM. ARAA A = V144 =V1+16=V17 Lunit =~
B, AR 435 17 AR Uhd BIsa. Figure T5 3Tl 75
Sub task 3

SuPpet 3

1. Draw different rectangles having an area of 24 square units. (Draw as many as you can.)
&Athod 24 CI\N‘H Udhdh I eyed dIdITed 3TId hlal (g‘-slc'ﬁl AXY Sldnlc'i dde 3ATId dnlcél).

2. Make a table like the one above.
IR fSATIHTOT U a1 S,

3. Do you see any congruent rectangles among the rectangles you have drawn?
J%! BGcsed] AT JFETAT DIV TN Tebvay AT fAT Bb17?

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

SEEIIRERINI G R EN I CEICHIR NN K ERIENCNEN

Area is 24 square units

&h 24 AR Thdh

Rectangle Length Breadth Semi-perimeter Perimeter

AT SICIl ! JrefaRferet gRfFc

Vi

Table 5 dKIT5

Apart from the standard rectangles like 6 x 4, 8 x 3, 12 x 2, 24 x 1, for 2
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 / G
squares inside ABCD, you will find that there are 4 full unit squares and 8
half unit squares. g
So the area of square ABCD = (4 x 1) + (8 x 1/2) = 8 square units. X
Hence, the area of the rectangle ABGH is 8 + 8 + 8 = 24 square units. c

6% 4,8 % 3,12 X 2,24 x 1 RGN WU JRAATATIRG, 24 4RI Tbeb | 1.

“;
| 2units B

Figure T6 T6
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SABDBATS! Tl T6 AR STGIATIATY e [CReDb] ATa@Is W 2Abll. ABCD dRH TSI, SR Il
ABCD A& TR U dl TR AT, T) JeTe] 4 qof GRA (ST 919 U Yhdh MR 10T 8 3rd
TR (ST §79], §eb Uebeh 3Te) fAeseiies.

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

U, 3ITAT ABGH o &I 8 + 8 + 8 = 24 TR UHd Bl 3.

Task 7: Next, rectangles with equal areas and equal perimeters...?
il 7: ST, THAH &AHS 0T T IR ST IM...2

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

I 3 QI dITAT0s AT Blel Bl Sl YR 14 Udhds AT &1thes 12 AR Yebeh M2 el fabell
TS AT BTG5 ? Tl BIe3ed] I JAT SaRI BIS3edT AR BRI, T I TR 32
P17

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?

TRTHT Ao I [H@Tes DBI1? AT IR BT ST, T IR FaAR(AT AOT FRBNeAwmi=r AR, 317 31y
TET, 3T JFRTAT aIcedTd, Bl ATel 3T faaR &1

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

Bl Bl QU1 SRR, Yl fAemirdt drel Fshuiodd rsi=odrdr gae 61 (31301 FExaurd] Ao
e gaen faeneaieg I, araand).

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

2 274y 312 D1 SN I &he dTdos, avl URTA Sl 2.

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

B 3 AT BT SR ST YR aTecdl, a8t &t B! Bl

3. There are rectangles which are not congruent but have the same area or the same perimeter.
3 3T AT O by THAT, Y] I & hed FAT febd1 TRTACH FHI 373l

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

I &5 %hos 0T TR Ti=ard pIvdTs! U AT Iddl.

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

SR I AT & es M1 IR SIFal THT NI 3 IR of 31 Uhay JJHdTd.

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

Iy : SR SIF I & e M1 IR giet a1 S1ciies ax < 31 Uhay 3T

Proof:
Rrgar:

Given that: Rectangle 1 and 2 have the same area and the same perimeter.
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Let /; and b; be the length and the breadth of the first rectangle, respectively, and /; and b, be the
length and the breadth of the second rectangle, respectively.
Given that the area of the two rectangles are equal.

faohes 3MTR : ST 1 3MMVT A 2 AT A FH T R T+ 21T

|, @ b, B UTEeAT AT 3TIhH Sidl SAT0T SaT 312 MM 1, T b, BT AT AT AT el 0T ST
3.

STE] I &5 hes T 31, © ey e,

So, I,Xb,=L,Xb, ... (1) W, I,xb,=L,xb, ... (1)
and 3T 2(1,+b,)=2(1,+b,) 3T 2(1,+b,)=2(L,+b,)
[,+b,=L+b, ......... (D) l+b,=L+b, ......... (D)
From (I) and (II) we have, (1) 3T (11) T JAMIATDS
L=l4b,=b,  =-mmmeemeee- (1) L =l4b,=b,  ==mmmmeeee- (IIr) e
So substituting (IIl) in (1), M (1) 7L (111) I8,
(Ly+b,—b,)x by =1, b, (L+b,—b,)Xb,=1,Xb,
So, Lb,+b,b,—bi=1,b, &R, Lb,+b,b,—bi=1,b,
b,b,—bi=1,b,~1,b, b,b,— b*=1,b,— 1, b,
Therefore, b,(b,—b,)=1,(b,—b,) ®UH, b,(b,—b,)=1,(b,—b,)
Hence, (b,—1,)x(b,—b,)=0 ®/UHE, (b,—1)x(b,—b,)=0
So, either b,=b, or I,=b _ ; _
If b,=b, ,t;enll2:llz.....1..from (D). T, PR by=b, ol L=b,

SR b,=b, , R L=I, ... (1) a%.
SR l,=b, , @ I,=b, ....(I) T%.

If I,=b, ,then L,=b, ...... from (I).

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

I QI8! TIRAHE, GIvel AT Yhvay 3fTed DRI Il ST gro), T JATed AT e DI FH
M.

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 3D TURE! Jplae eI A
QAchdT.

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:

eI 341, ! BIeored] | MPedid A RRIfAg & dlbe-fdgar 3es Ifgsid. dlde -brardl d1uR

BT AT GTes Tl 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)?

SN I el AT ST AT AT AT RIS, 3MOT T &9%hod &l [I9H AT IS, dX T
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afrgaTeat U ARIGE ! BT i ?

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.

R &It (A9 &A1 3R7es, IR T 37ef Sidl 37101 Bl Srva! fawH 3fmed. 3f1for oA @i avisl Forord
JrefaRfAch T et s s,

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

SR ST ST STO1 St AT AT AT 3R es, SMfOT AT SrefaRfdeh 2 favs dreat sies, aR T
ST AT el BT AT ?

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 JFIYRANA fIw 3w, AR I 312 UshaR Sid! v A oie fhar a1 fawe | sries, Sfor
N R ¥ 3 ch. U il YUIThTR FgUIST &T5thos HH ¥ 3.

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

dlh e -BNIETER DIGredT DI &5thos DTY-DIY 3 3Dl ? ATTTAT g e Ul fyesre

3R P17?

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 Ukilss 94 &b Madis. Iaexone, gpdl 77 ALY

fereses Frantor wer. SR gret 21 ufohan a1 Sacil, TR greTe Sreutd divreE! e
1 squnit 1squait %sqlmit 5q unit

ToTe f¥7eg AT, Fiqure T7 3%l T7

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

Al -BRIGTER BIGesed] AR &IAHe B 3] 2 ? (ARATE! qT5], JUITh HRT A<, 3™ A8l

(a® +b?%) a

1]
Figure T8 37T 8
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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.

=T & WE o, &I gul a¥f T[S d 341 U AR DG ADBIT ST fFhe I Agddd A8

(TR a9 &1 qul i A== RH@IYde! 3118). SR Blal AFIT ATed &I, o [qened=r farT. ga”

BRI SNGVATATST BT JraTes] AT aTahT (hints) BT BRI, SIS0,

I & ST b e 9T ST e3T BISHI b T0T T (37Tghell T8 UET), TR BUTdl il /(a’+b?) Teheb 3R,

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 "I 919 at+b S JAAGS] ARG 3HTPHd] T8 L IRITTIAY BIEA] TR AR -ARAT! F19]
J(a2+b2) Uhdh 3. WU R -ARAT 8ABD o’ +b° ARA Uhd BI503.

More importantly, the side of any tilted square can be written as a square root of the sum of two

squares, for example /(a*+b?)

HEATd BUTSl dlhe -BRIGTaRIe DIVATE! foReaT FIRAT qr5] G191 g1 sRoid aiiqe U fesfadr
Ages. Sarexond, y(a’+b?)

Il. 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, \/(a2+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)
Il TG 3Hef T9 (A) THTO DIOTET foRepT AR SdedTd 1 ARAEN a1 y(a*+b?) YhdTedT wuTd
3 (3Tgpedl T9 (B) UBY).
3 B W AR B Ryear dvare aropdl idt |(a>+b?) Tad) AR

A

Figure T9 a@ﬁﬁm

From (1) 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, T TE B DI, QI IRl S U fofaar v SIorcel Sae! Udh dR|
Pledl Tscs, SITT AAHS <l AT IS,

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

%! Pleel AR AT &Ahos BT 3 DT ? (S : e} BIeches R ARH UaT).
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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)

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.

. 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

. 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
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