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Exploring science and mathematics

8.14. =it SATiOY ATSHt IgYSITehd | TehaRE ™ 3118 <hl?

Is your polygon the same as mine?

3N

Introduction

TR BITaR ST QETEN a2l A<l A1 Te e IvMe gl 6 BRI, I TR Befl Hesl 31T 17?2 Jrel H1d |ies ?
J=! Gllviﬁlﬁc*) AR Bl PIIaEes HiTTes 2 0T T HAHE STIl 3Tehed 37TT, Wl‘cﬁﬂ?ﬁﬂcpd“l <t el BTG 2Abes B1?
ISR, HHITHHI HTI%‘cﬁwtu %g*ﬁl B A ABT? TSN JATIVT AT H Y1l SN PIel S&T8<0T A, FRIero) dHeas anfor
1 FRYeToT g e fdhaT Qi FIRTHR 0T e FNGUTR M8 1.

Have you ever wondered how you would describe a triangle that is in your mind to somebody over the phone? What do you
really say? Do you mention the sides or the angles? And would that person get the exact same figure that you had in mind?
Moreover, how can you do this by giving minimum information? Today we will try to answer these questions by investigating
some examples, making observations, and verifying or refuting these observations.

6 Materials

DR BIE, URTes, WISRER, BURT YS! (YT U, uar (FHGIATIT), DITH19D AT AISTIS!), B
Blank sheets, pencil, erasers, Geometry boxes (Geometry compass, set-squares, protractor, and scale), scissors.

°qwﬁ1:araﬁrr!1=r%@rﬁrafutfa

Task 1: From words to drawings

T2 1: TFRTS] [ el BI=IT BITETaR JHT STaSidl FhI07 BreT. FhbIvme Sidl avd I Aot 1107 Frepromea RRifdeT
=14 =,

Q1. Draw a triangle of your choice on the given blank sheet of paper. Measure the sides and the angles of the triangle, and label
the vertices of the triangle.

2 2: AT, JaedT AT d1ecres b Iv ugl. QT JreTal dlel fa21y favres B17? o B 3Te ?
Q2. Now see the triangles drawn by your friends. Do you see anything interesting? What is it?

T ST PITETR DIV BT e, AN BTG HIe STYF 3aT; AR AT Heildbs AT =51 UTR 3B,

Keep the paper on which you drew your triangle safely aside; we will be coming back to this triangle later in the activity.

OwZ:meﬁﬁmﬁzﬁvﬂ%ﬁmm

Task 2: Constructing a triangle when only one measure is given

el 2 37 : Thard Teh a1 feedt SrdT PeRtomdt =T et

Task 2a: Constructing a triangle when only one side is given
oy eT DI=IT BRTGTAR e 3TAT I BTGT &l ST YT ATl il 6 AT 31Te. Freprorrea BRI Ard =, a1, saxi
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~ .
DIl TADIUITIT JRITH dXI.

Draw a triangle on the given paper, such that one of its sides is 6 cm. Label the vertices of your triangle. Now study the triangle
drawn by others.

ST, AT TS SR DlGesed] e v IwITH BRI
Now study the triangle drawn by your group members.

U3 1: el PIecres] FADI0T AT SARI BI@cres (AbI0T HREH AT Bl 7?
QL. Is your triangle the same as others?

W2 2: eI T &I FHepIonl Jes dall bosl ?
Q2. How did you compare these two triangles?

T2 3: e SO A Frmd=ivn, STeiTel o e 0T drerdest Aiffees Bid, STl T a9 6 AT, T8, ! BIacses b
THARWT TR P17 1107 B2

Q3. You and your friend, both were told that one side of the triangle is 6 cm. Did you both get exactly the same triangles? Why?

Sl 2 & : herd Ueh ohiH el SrdT PRIuTTt Ta-T ot

Task 2b: Constructing a triangle when only one angle is given

feoyeT BI=IT BITETAR Udh AT B0 HTGT B SATIT Gabl DI-Td AT 55° 312, FrepIon=an RRITEGAT Ard & 31T savi
PTG AT IPTT I=T.

Draw a triangle on the given paper where one of the angles measures 55°. Name your triangle. Now study the triangle drawn
by others.

T3 1: el BIS3 o3 D07 AT SARI BI@ches (ehI0T AW MTed Bl 7?
Q1. Is your triangle the same as others?

W2 2: I AT &1 e IviHed H3i Je5l sl ?

Q2. How did you compare these two triangles?

T2 3: R AT g Frmd=iion, i1 o1 e 10 BIerial WiRae] i, ST Fraiomd Geb dI 55° 3118, el ardil
PTG DI ThARET 3Ted B 7 3 O 17
Q3. You and your friend, both were given one angle of 55°. Did you both get exactly the same triangles? Why?

et 3: &1 ATd Rt srear Rapion=h w=@=1 #Hzot

I> Task 3: Constructing a triangle when two measures are given

SATUTIRAT <1 1€ I, IR IS TR S JHeAT ITS[ATSL3] ST AT AT TSI BT, AT ST A, B AT C 31301 A1 =

Make three groups among yourselves. If possible, form your group with your classmates who are sitting close to you. Let us
call these groups A, B and C.

T A: T D107 HTeT ST dT9] 7 AT, 1107 5 I+, anred. Brpromean RRIfEEAT = =m.
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Group A: Draw a triangle whose sides are 7 cm and 5 cm. Label the vertices of your triangle.

1S B: T (DI BT SATHT Ueh qT5] 6 HHT. 31101 Teb DI 55° 3118 FHrepomredn RRIfdgT Ard =,

Group B: Draw a triangle whose one side is 6 cm and one angle is 55°. Label the vertices of your triangle.

E C: 31 P11 PTaT SIT=T |1 Bl AT 50° 30T 75° 3fTe. Frpromean RRifdg1 =1 =m.
Group C: Draw a triangle whose two angles are 50° and 75°. Label the vertices of your triangle

Now study the triangle drawn by your group members.

T2 1: G TICTd e Fad FepTor AR 318 172
Q1. Are all triangles in your group the same?

T2 2: AT G176 (HBIVIHE TS rel B2l bol ?

Q2. How did you compare these two triangles?

TC A, BIAMC:

T3 3. JHATID] TABTAT e TCTies AeRINIREd 107 fHeTes ST &7 31T 61?2
Groups A, Band C:

Q3. Did each of you get exactly the same triangles as the members in your group? Why?

elt 4: i1 AT et srerar Rraptomt =T ROt

I> Task 4: Constructing a triangle when three measures are given

A I 3Tl < e fAUTTesasl M8, ST Ul ST &I W (FUTS] &1 SUIS) HR1: A1 30T A2, B1 AT B2 A1f0T
C1 37707 C2.

Your class is already divided into 3 groups. Now divide each group into 2 sub-groups. A1 & A2, Bl & B2 and C1 & C2.
e A1: FIBIOT XYZ 3T BTeT DY XY = 4 JHY., YZ = 6 FH1., 3nfor xz = 7 |+t

Group Al: Draw a triangle XYZ such that XY =4 cm, YZ = 6 cm, and XZ =7 cm.

e A2: 3hT0T ABC 3RIT STeT Bl AB = 4 [HI., AC = 3 IHI.,, 37T ABC = 45°.

Group A2: Draw a triangle ABC such that, AB = 4 cm, AC = 3 cm, and ABC = 45°.

e B1: 31101 1UK 31T BTeT BT 1IUK = 40° JKI = 65°, 3 O KIJ = 75°.
Group B1: Draw a triangle IJK such that IJK = 40°, JKI = 65°, and KIJ = 75°.

e B2: FIPI0T STU 3T HTeT B UST = 50°, ST = 3 |, M1 STU = 65°.
Group B2: Draw a triangle STU such that UST = 50°, ST = 3 cm, and STU = 65°.

1€ C1: FIeI0T EFG 3741 lel &l EF = 7 ., FG = 9 |4, 37107 GEF = 90°.
Group C1: Draw a triangle EFG such that EF = 7 cm, FG = 9 cm, and GEF = 90°.

e C2: TP PQR 81T BT@T BT PQ = 5 WHT., PQR = 50°, 3MfOT QR = 4 .
Group C2: Draw a triangle PQR such that PQ = 5 cm, PQR =50°, and QR =4 cm.

ST, AT TS SR BlGesed] fHehIurer IwITH BRI
Now study the triangle drawn by your group members.
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U 1: JHT TICTd dlecios AT FPIvT ARET 3 %E D17
Q1. Are all triangles in your group the same?

U3 2: 1 A1 &4 DI TS B3l Bosl ?

Q2. How did you compare these two triangles?

oelt 5: YepAa Raptom=h AT FHRogATS) fohar orét

I> Task 5: Minimum conditions for the construction of a unique triangle

T3 1: el 1 9 IRl Sl FAhI0T BTG 31T, ITTGT TATd DI SaRI BIeTal, 3T Jale] aIed AU, IR BHITHH! BIvT
A1l JFRTST Tl BTN 2

Q1. If you want others to construct exactly the same triangle like the one you drew in Task 1, what minimum information will
you have to provide?

T2 2: GIgd MBI BIEUArRITS] fhHT HIorch Wi ST Ao ? AT SYANT BN, A3 Fe Al a1 Se3d BRUGT T
‘DhNI.

Q2. Are there other sets of minimum information that could be provided to construct the exact same triangle? Try and
mention all such different sets of information that would work.

helt 6: TRIATH ITAT HI0F
I> Task 6: Constructing a quadrilateral

T2 1 31, AT JRTAT Uy HehIvl o BTG, < ATBIK STed 3ATe. TAT T, Uy Al b PTG o YIgT. SR Thvay
I T0T BTSUITATST HHIT HHI T ST BRI IS, AR Th<ay Al - BISUITATS! fohell 31T ST S 2

Q1la. Now that you all know how to make a congruent triangle, let us figure out how to make a congruent quadrilateral. So if
the minimum conditions for making a congruent triangle are three, what should be enough for a quadrilateral?

T2 19, AT fesen A I=Ten |d aroal Bidl 3 Y. 3o, TR Jre! dITdiTel TR fabell =i Pig 3rdhar Ira fIaR
BRI, &I DIAT HITETER T AT DGl

Q1b. Now, given that all the sides of a quadrilateral are 3 cm, think about all the different quadrilaterals that you can draw.
Draw the figures on the given blank sheet.
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W2 2. U3 19 He, Gt febarr goredn sriofi derres <1 f¥ares &17?
Q2. Did you or your friend get different quadrilaterals for Q1b?

T2 3. SR Hdes AR d19] AT ST O JFRTA T dIATes i a0l e 1d 3[R 3718 BI7? JFRTS] B THoles ?
Q3. So if all four sides are given, is it always possible to get different quadrilaterals? How do you know?

T2 4. 3RA HAAT BT B JFele] UETR AlD HIEad SaRi=T Hodrd 31Te. ATl JA=IT 414 Sl Gldbie TR, 3Tl T49rd
Flep T AT FEHAO STerd ATATS! JFe! HHIADHH! DIV ATl ISars, Jra e &l

Q4. Imagine that you have to write to your friend about a quadrilateral. Now think of the minimum information that you can
send him/her, such that he/she gets the exact same quadrilateral as the one you had in your mind. What information will you
send?

T G5 HHITDHH] AT TRIGRD BIH BRI BT, 8 TUNI. RIS F31d, Jee ! gaedn FaaEofiat St A SuiR o8,
TR JMTRIT IS Flh - BIeugTal I D

Check whether what you suggested as the minimum information really works. Try drawing different quadrilaterals for the
information you said you would give your friend in the question above.

T3 5. AT AR08 Uy 3T c5es fhdl Uehay -IRIches Tl bl fHesciles, T faaR &,

Q5. Think about why this set of information will lead to congruent or non-congruent quadrilaterals.

U3 6. THHJ TIbI BIGUITATS I SR SX<ilcs, 3T TSl ATal BN,
Q6. List the conditions that worked for constructing a unique quadrilateral.

elt 7: ST} e Pyamtor anfoY e

I> Task 7: Some special triangles and quadrilaterals

Uhy I 3101 Uehay HlehI=T BHIGUATHTST DIV BHITDHH! ATST a2 3T, < JATI0T UTfEes. IR STl JTqUT HIe!
TR 3107 JATFOT <fTep I+ UTg SATfOT ATl AT HRUITATS] DIUTH PHHITDHH! AT ATI3TD AT, < UTE.

We have found out the minimum information needed to draw congruent triangles and congruent quadrilaterals, but let us
look at some special triangles and quadrilaterals and find out the minimum information we need to construct these.

T2 1. Yy FHYST FHBI01 HTUATATS] JreTAT BIvTT PHHITHH! ATl RS A ?
Q1. Which minimum conditions do you need to construct congruent equilateral triangles?

T2 2. UhRaU R BISUATITS] JFaTes] HHITDH! DIV ATl BRI ?

Q2. Which minimum conditions do you need to construct congruent squares?
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2 3. Uehay T BIGUARITS] JRTeHT DHITDH! DITci Hifeell 1iTes ?
Q3. Which minimum conditions do you need to construct congruent rectangles?

T3 4. Yebad AHYST lehI- HIGUITATS] JrRTAT I bIUTH ATl SHTes ?
Q4. Which minimum conditions do you need to construct congruent rhombuses?

U2 5. Ueh<ay FHIRYST Tl I PIGUIARIIST JFBTAT BHITDHH! DIV AT AT ?
Q5. Which minimum conditions do you need to construct congruent parallelograms?

U3 6. Uh<ay FHO Aleh I PIGUITITS! JFBTAT HHITDHH! DIV AT SFHIeH?
Q6. Which minimum conditions do you need to construct congruent trapeziums?

ell 8: USRI HIGOL
I> Task 8: Constructing a pentagon

T3 1. AT JFele] Uhsay Fep 10T fhaT Uesay Tleh I BIVIDIvIT SSITAR dhledl I, & A ATe. I AR, T Yahie
PIGAT. TR by [ehI0T BIGUIAIS] BHITHH! ATl AT A JA e 30T Tehay AlehI< BIGUIATATS] HHITHHT 7S ot
AT U 3, TR U YadhI- HIGUITAIST HHITDHH! STl AT fahell TS, 3T JraTal aTed ?

Q1. Now that you all know what conditions give constructions of congruent triangles or congruent quadrilaterals, let us figure
out how to construct congruent pentagons. So, if the minimum conditions for making congruent triangles are three, and that
for congruent quadrilaterals are five, what do you think is the number of minimum conditions needed to construct congruent
pentagons?

T2 2. 313N BT BRI B! AT S TaTad G 3178, AT HAN il YadIF 3118 JTE] TATd Uad I i1 Bled
T, YTRATST JFel DIUTehIUT iRl UT3dTe3 ?

Q2. Imagine that you have to write to your friend about a pentagon. Now think of the minimum information that you can send
him/her, such that he/she gets the exact same pentagon as the one you had in your mind. What information you will send?

TR Gaaoses! AT Terd SUARM g &1, I qUTl. dRIes W21 Jrel Sl ATfedl FRTUMR STT8Td, QTR TR T
UgeT BIGUAT YT B,

Check whether what you suggested as the minimum information really works. Try drawing different pentagons for the
information you said you would give your friend in the question above.
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EERICH _QTHH%CI“I';%‘IN Jhay fdran Uh¥ad THese) Ul bl TN 8 % Ahdld, YTdR faR &,
Q3. Think about why this set of information will lead to congruent or non-congruent pentagons.

U3 4. THHG GBI HISTIATATST PHIOTHIOTT ST SUANTT SIS , Al ATGT BRI
Q4. List the conditions that worked for making a unique pentagon.

el 9: Y AgYSITghd RIGUATHTS! ARToT=aT it foher de
> QTiero

Task 9: Finding the number of conditions to construct a congruent

polygon

ST JFeTeST Uh<ay (eI, Gehvay TlehI JATVT UehRad YeIeh i<l BIQUATAIS a3 SRIIT JAC A AT ATS I STe 3118 TAT
TR, 3T Yy Y b ATV UhRay AXTh I DHuITATS] el 31T ST, o uTga.

Now that you know the minimum conditions needed for constructing congruent triangles, congruent quadrilaterals and congruent
pentagons, let us explore how many conditions are needed for constructing congruent hexagons, or congruent heptagons.

DIE! JETST BRI VT f&eredT BITETIR I PRI, JHAT SETTETE el 1 7L Al fe58T,
Make some guesses, and make constructions on the given sheets of paper. Record your guesses in table 1 below.

SRR SIE IR Thay gl PIS TITATST
Number of sides Name of the polygon Minimum conditions required for
in the polygon constructing a congruent polygon
3 3
Triangle
4
Quadrilateral
. i s
Pentagon
6 =
Hexagon
7 [
Heptagon
8 il
Octagon

TR 1 Ypvay FgYSiiepel] PIGUITHIS] TN BHIThH! 31T
Table 1 Minimum conditions required for constructing a congruent polygon
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MUt 3T Rig Heo1

Proving our Conjectures

AT, ATYGH! DIV STTHT SRIER TS 0T BV Feblai! JATEd, < A0 B4 g s 2reball, o IIgal.

Let us find out how we can prove which guesses are right and which ones are wrong.

T Tl hlel.

Draw a quadrilateral.

T 1B 3T b Bl BT Bl DI &I FDI0T qeles. APl 1 U8T.

Draw a diagonal inside the quadrilateral so that it splits into two triangles. See Figure 1.

(Y, AT G AT HDHIR Al DI 3MMed).
(Here we have drawn two different types of quadrilaterals).

Ml 1 Fiwlrd FpIvfEHwTr
Figure 1 Triangulation of quadrilaterals

YT Tfees bl TP bl T YR S FBI0He f[GurTdr Aal. MIATST 2edics HIBld 38 bl ThHd 31T bl
HIGTITATS! JMUSATAT HHITHH] I+ TS| AI3TD AN

We see that every quadrilateral can be split into two triangles in this way. We know that for constructing a unique triangle we
need three minimum conditions.

R RIS U I15] AHTS D RIS a1 01 Uehay 107 HIevaTd AT Had a9 SaR 3] SRR, AT
3Tt FEUIST 1) U 919 AT 2) AT TS A T=aT FHUMRA HoyesT B, fhar a1 sriiastt, oy HIvie! S $I4 I Al
So in this case, to construct the first triangle we needed three minimum conditions. For the next triangle, we need three more,
but as one side is common, we need only two other conditions to construct a triangle congruent to the second triangle. These
can be, for example, 1) a side and 2) the angle that this side makes with the diagonal of the quadrilateral. Or alternatively, one
can also give two angles.

T FATE] AR BRAT A5, AT FUTS! Yhal VT Ufe el Frepior iR dhest ol @ <lep I oiie RRIfSg M2 grard. ool
Iyl BRI MR $Rogrme, a9 oS (aR1e ISTeRON FiRITITIHTN) gR3M 37T, U A1 fBH ure o1t varen
IDIATT 2T HRUATATST YR ST

Another way of thinking about this is, once we fix the first triangle, three vertices of the quadrilateral are fixed. So to fix the
remaining vertex, two conditions (as in the examples above) are sufficient. Hence these five conditions are the minimum
pieces of information needed to construct a quadrilateral.

TS Al 1T ITAIS! SITUIT HHITHH! I ITE S 3T ATH ST aRIGR B,

This also reconfirms our understanding of the minimum conditions needed to construct a unique quadrilateral.

3901 €1 U dl TIPS aTiR eS| TR B Bl e ?
What will happen if we do the same for a pentagon?



Exploring science and mathematics

TS U YD1 Plg 30T BT YabI= HHI HHI Bl BIg fdbell PPN fAHRTAT Ases, < UG, MMl 2 UST. AT MBI
FRIT AT Bl S BT Plaed T, YT i+ frpioma faymTar Jar.

Let us draw a pentagon and see how many triangles the pentagon can be split into by drawing a minimum number of diagonals.
We see from figure 2 that by drawing two diagonals, the pentagon can be split into three triangles.

AT AT B QI 7S] SIS, T frRa=a1 B I0TATST AIRITST [ &1 ST BRI,

For the first triangle we need three conditions, for the second triangle we need another three, but then one side overlaps so we
need only two. Similarly, for the third triangle, we need two more conditions.

3gpeft 2

Figure 2

ATSHIT, T FET ATeH RIS DI AP dod! IV U (D107 SiTeal, degl &1 37T qTedNd. UM YhHd 34T Gaadhi
BIGUIATATS] HHITDHHT AT (3 + 2 + 2) AT AT eh AT

So, you can see that whenever you add a triangle, you add two conditions. So, the minimum conditions necessary for
constructing a unique pentagon are seven (3 + 2 + 2).

AT TR ST YD, TP AT AL DI AT fBHT 1T fobell SFFTeiles, < UTg.

Let us try to figure this out for hexagons, heptagons, and octagons.

3l 3

Figure 3

1. QEIRTYCHIA el FIvNd [GHRTaT I$3 ? (S&ITd SdT, BIecs el BUM! AT BHITHH! STATIST 84l

How many triangles can a hexagon be split into? (Remember that the number of diagonals drawn must be a minimum.)

2. UHHT T YHIH HIRuITATS! fhare forelt 1) emasads radrd ? 31for 17?2

What is the minimum number of conditions needed to construct unique hexagons? Why?

3. TEET IHA fohd) fHreprord faurTar I zrear? anfr w12

How many triangles can a heptagon be split into? Why?

10
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3Mepelt 4

Figure 4

4. UhH] AT HT D[ HTRUITATS! fhAT el 37T 3z ad AT ? 3MMfoT H1?2

What is the minimum number of conditions needed to construct unique heptagon? Why?

3Pt 5

Figure 5

5. UgTeT WG fohall PRI ord fa9mTe I arhal ? 3mfor o172

How many triangles can an octagon be split into? Why?

6. UHEU G BIGUATATS! fhHT fdhall 31T SMazAdh JRIATT 2 MO BT ?

deof
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