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Exploring science and mathematics

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

Is your polygon the same as mine?

HlTeIdT
Overview

T 37T "gehme, faenell vHa (unique) FBIBIUT, Tl AT SO TgYSITdl TR HRUATATS! 3T DH 3Tl
T ST 2N oelies. & STeyd Tedh brar (el Wag AT Hdle b UhHd IgYSITdhl Il SRIUM=AT
37T JATOT AT Rreher el Uehxauceal Bl AR 3R

In this Learning Unit, students will explore the minimum conditions needed to construct a unique triangle, quadrilateral,
and other polygons. The objective of this Learning Unit is for the students to realize for themselves that the conditions
which enable drawing a unique polygon are the same as the conditions of congruency that they have studied.

3T UMl IS

Unit-specific objectives
«  UHEudT AT UhHd FHhIv AR=eT Iredciics Gael URATT HRor

To establish a connection between congruence and the construction of unique triangles

- T3repior, TlepIe 30T SR SgY STl il Yehaud (T2 HRUITATS! [T TSI R 2oy

To find the number of conditions necessary to ensure congruence of triangles, quadrilaterals, and other polygons

« Prel AR o) ydhuc=aT BHIeHT BT THAN, O AHGA ol

To understand why certain sets of conditions are not criteria for congruence

ICIEECICEREICE I TTHTIT THR
Minimum time required Type of learning unit
40 fafret= ura 9 CRINI
five sessions of 40 minutes each Classroom

Fraptori=a gt (Feft 17 5) — 40 e S99

Triangle activity (Tasks 1 to 5)- Two sessions of 40
minutes each

Il el (el 6) — 40 T I 93
Quadrilateral activity (Task 6)— Two sessions of 40
minutes each

SR FgYSIPpaIarer=l el (Feil 7 O 9) — 40
fAfreie v A

Extension to other polygons (Tasks 7 to 9)- One
session of 40 minutes
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roareehaTeft gar
Links to curriculum
NCERT Class 7 Mathematics NCERT Class 8 Mathematics | NCERT Class 9 Mathematics
Chapter 7 : Congruence of triangles (Feb 2007) | Chapter 4 : Practical Geometry | Chapter 7 : Triangles
Chapter 10 : Practical Geometry (Feb 2007) (Jan 2008) (Feb 2006)
GEGINN
Table T1

Prerequisites
feremeg =T geies e ATETd S_A0T 3Tz IS -

Students should be familiar with:

 Hromugt MOT HURT IR WIS ATeHET arR
Use of geometric tools like scale and compass

« T3rep1or 3TfoT ZHep I I Fosyd AR

Basic construction of triangles and quadrilaterals

MNead

Introduction

T BIaR 3T QR SRR JHeT AT b0 g0 6 $HRTe, T [TaR Bl BT 31T 172 Jrel BRI AT 2
T IIS(EE e AN DI DIIdEe AN ? T JH<T AAHE STt AT TS, ST 2T 3Pl <l RN DIG IDbed BI?
ATIUR, HHITHH! AT AR & Jrel B Ba A2 TS JATI0T AT Hd Y3l SN PIel S&TeR0T A, FRIero) dHeas afor
<1 FRYeror gere fdhar Qe FRTHR0T B 2AE0NR 3181

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.

el 1: AT FET=—ETadT

|> . . Hifeca

Task 1: From words to drawings (o DN

T3 1: RT3 oyl I=aT SITaTaR JHedl TSI 210 Hrel. o il DR BIE, IS, GeIER,
R B AT 31107 Freprorrea RRIfdgHT Ard =, ST Ut (YT HuT, oA
Q1. Draw a triangle of your choice on the given blank sheet of paper. Measure the (FHPITH th), HITHATID 3T
sides and the angles of the triangle, and label the vertices of the triangle. lﬁvm?[), GARIR

Blank sheets, pencil, erasers,
Geometry boxes (Geometry
ferermea < &1 Pl G HRUTBMER, I SIS S¥e5es e, ATl W] B &, compass, set-squares,
Before the students begin working on this activity, make sure they are protractor, and scale), scissors.
sitting in pairs.
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T Heiied Yol faemmeais ga=a faenealerier ==t wxv1 iazdd ofe. ®U[Ad A1 gchd deul A1 fdemeafd
SISITR U Ha1ees 3118, 9 [Aenedisids Arazdd Aliecd AT fhdl Y Sirsids (AT AlSIE!, BIHId
Each task requires discussing with another student, and in this unit, we often refer to these students in pairs as partners.
Make sure they all have required materials or at least that every pair has one set of scale and compass.

T Pl el FepTor B1g BT B 18T, JTSL ATV DI HIS] ADAI Bl ATe!, TH AT DT A1d BN Sl
T HIESI IS DI ATe1, & UrevaTdl |l fHeves. SIeT el ST 8 AredT [qeneiaRiar &1 Pl dhosl deal Uehl faemeai
RBRIfdgUasST geT aTo(4 b Ivmean 1< 779 fo3fees. SeTexunard! sl T1 sl

This activity will give you a chance to see whether students can draw triangles, measure sides and angles,
and also, whether they know how to label a triangle. See Figure T1 for an example of a student writing the
angle of a triangle adjacent to a side instead of a vertex when we conducted this activity with Class 8 students.

P R

Sl T1 [ABIVITET 19 SUIT] YapT faemmef=it g
Figure T1 A case of student’s way of labelling a triangle

2 2: 377, e il draeses Freivr uer. @ greTet orel fa2iy fades o1? d &g amg?

Q2. Now see the triangles drawn by your friends. Do you see anything interesting? What is it?

! ST PITETR DIV BIGIST 3T, AN BTG HIe STYF 3aT; o= AT Helldbs AT =51 UTR MBI,

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

el 2: Therd Yk ATY f& arear Rapton=ht 3==r &=t

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

hell 2 31 : Therd Teh SIT9] feedt ST FehloT=lt =T oot

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

YT DI=IT BRTGTAR b 3TAT I BTST &l ST YT a1l il 6 1. 31T, Breprorrean RRIAEAT 7rd =, a1, saxi
PTGor T IO IRATH BRI

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.

ferermelt A Prepromrear We a19] 6 AHI. MR BI, AT Ueh U2 (a1 St AT AT Y31a IR 18 3R &1 3
feremeari=t St BrepTor g T, 319 TUferd 3112, Jre! T 3 | b, ‘FrpIvmen arsjia! haxd Udd a1 6
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Students might ask a question, whether all the sides of the triangle are 6 cm, and a productive answer to this question is
to say “No”. For the purpose of our activity, it is best not to get equilateral triangles. You can respond to them as, “One
of the sides of the triangle is 6 cm, and not all”

Now study the triangle drawn by your group members.

T3 1: el BIS3 e D07 M SARI BI@ches FebI0T AR MTed Bl 7?2
Q1. Is your triangle the same as others?

W2 2: el T &4 FapIonl Jos 1 Pl ol ?

Q2. How did you compare these two triangles?

T2 3: el M1 A Frmd=ivn, STeiel o eI drerdet Wit 81, S U a19] 6 1. 312, Tl Blaesed I
UHARET AT B17? 3N B1?

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?

AT Je! BIel il SN Hasargar yaet o1, faeneai= v go sruarre! divrbor fafdy frey amves,
T feneil A I Fraard; ST TS Sid fdhar S A1 S, SieeT grel 9 [hTe e 312N faermeat=a Sire e,
ST AT T Y0] AT TR, AT dab! i1 a1 febdl DI AISTUATT ATT2ADBT 3ATE BT b <f SR BIel dgehil
IPIVITie BhRe S3q ABI 317 T [aermeier fa=m.

Make sure that you collect some oral responses here. The students can give various criteria that they used to compare
the triangles; like lengths of sides or measure of the angles. When you move around, check if there are pairs of students
whose triangles are obviously different. Ask these students whether for such cases they need to measure the sides or
angles or they can decide using some other ways.

BIE! FIE, ST G DI Jo51 Hodl S, o YT e [ . SR BIe! dTaiid, a1 fhdT BI Aorodr]
RS UG 2D I3 HRUATAT JATVE! Ueh AN FUTS] QI (DI BTYA YebTaR Yeb Squl, fehdT e 10T dlecies drTa
UHTAR Udh S UHRITHAR g=a qrevl. R1eres 1 Heli=n a1uR e SR AT Dl Sieal (b0 UhaRE [T
(FEUTSH AT TS STOT HIT DI+ el AU AT fhdT YA eI Tcilcial SJobellel), <Teal < I Yehay .
In some cases, the two triangles being compared may look obviously different. In some other cases, one may need
to check by measuring the sides and/or the angles. Another way to compare is to superimpose the two triangles, by
cutting them out, or by holding the sheets of paper against a bright light. Teachers may use the opportunity to point out
that when the triangles are the same (i.e., have corresponding sides and angles of the same measure or overlap exactly),
then we say that the triangles are congruent.

Sl 2 & : thekd Ueh ohi- el SrdT PAehIuTdt Ta-T Aot

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

AT BT HRTGTAR U 34T ABTT BTET B ST TP hI-Td HIY 55° e, e AR agﬁ Td 1. 3T Ey NG
PTGl FrepIo vgT.

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

forermeaiaT SaR PIATE AU STU[E HUIT X3 317 b1, fAenegi= g=s1 | & Bad Tebre PI-Ta J719 Fiflees 3MTe.
FrepTorr T 31T 1 14 faedm, =T BI T8+ ST N1 IS, AT ST HRUATATST AT HEf=T ATuR .




Exploring science and mathematics

Students might want to know the measures of the other angles. Reiterate that only one angle has been specified. Use
this opportunity to revise the properties of triangles, and how, given two angles, one can always find the third angle.

T3 1: el BIE3 e D07 MM SARI BI@ches FAbI0T AR ATed Bl 7?2
Q1. Is your triangle the same as others?

T3 2: 1 1 &4 HBIUHE B3l JHT o3l ?
Q2. How did you compare these two triangles?

T2 3: R AT o Frmd=iion, i1 o1 o 10 BIeriast WiRae] i, ST Fraiomd Geb dIH 55° 3178, Jwe! ardi
BIEHS) DI ThARET 3Ted B 7 3 T 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 srerar Raplon=h w==1 FHzot

Task 3: Constructing a triangle when two measures are given

>

SITATIAT <A TS F7aT. FTa A AR S JHeT AT TR T T TSI &1 T IS A, B AT C 3731 1 =
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.

3 TSI I Iropl AT AR, § ACSTAT UehT SISl 0T Gebl DIT<l AT T AT & TSTST GI DIl /T F.
Give Group A the measure of two sides, Group B the measure of one side and one angle, and Group C the measure of
two angles.

TTC A: 37T F1ep 10T e ST 919 7 AT, 311for 5 ). arre. Frepomrean RRifdeHT Ard =,

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 RRIfgT Ard =,

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

TE C: 31 P11 BTaT SIT=T &I Bl AT 50° 30T 75° e, Frpromea 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 TICTTe Fad FehIor AR 37Te 17?2
Q1. Are all triangles in your group the same?

T2 2: AT SIe! (ABIVHE TS Jrel B2l bol ?

Q2. How did you compare these two triangles?
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W2 3. AT FABTAT AT Tl Tes AERATARE 1o fAcsTes 3fee 17 AT 172

Groups A, Band C:
Q3. Did each of you get exactly the same triangles as the members in your group? Why?

g1 3Tl FiffreamyEl, faeneft e S-el e vriean 915 AT I HIS[ FehTo1 A1 31T & ATeHd, & TSl
e, fHaTees Haiv Teiaii Uahed Jed &I el & revarird! Ried Sel FdIv BT ThHAbaR 331
qTETIG] 1Y FBT. Peil 2 AT 3 <elR faenefzil ==l HR1 B bae U fhan a1 srciava ThARE Frepior fHesd
EIRGH

Students most probably will verify whether the two triangles are the same or not by measuring the sides and angles of
their triangles, as mentioned earlier. The teacher can also suggest superimposing (cutting the two triangles and placing
on each other to see whether they overlap each other exactly), to see whether the triangles obtained are congruent to
each other.

et 4: i wmd fReeht srear Rrepto=h =T ol

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

T 3T < TCTHE [AHRTCS o5 3118, 3T Ueh TTeTel & 14 HIRT (R80Tl &IF SUIE) BR7 < A1 3ATOT A2, B1 3ATIOT B2 3ATT0T
C1 31T C2. THHBIT ST I85> BIvds! &I faendl Tor TTerd T W13l 6.

The class is already divided into 3 groups. Now divide each group into 2 sub-groups. A1 & A2, B1 & B2 and C1 & C2.
Make sure that any two students sitting beside each other are part of the same group.

AT 91 1T A TCTHE f[AUTTeS ST 3118, 31T I et &1 /1T (FUIST G191 SUIIT) BRT: A1 30T A2, B1 37101 B2 3107
C1 31 C2.

Your class is already divided into 3 groups. Now divide each group into 2 sub-groups. Al & A2, Bl & B2 and C1 & C2.

e Al: F2repT0T XYZ 311 13T BT XY = 4 HHI., YZ = 6 ., S0 XZ = 7 FA.

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

e A2: 2101 ABC 3191 B1aT BT AB = 4 HH1., AC = 3 |41, 3T ABC = 45°.

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

e B1: fBIUT 1K 3T HTeT BT 1K = 40° KI = 65°, 3 U KIJ = 75°.
Group B1: Draw a triangle IJK such that IJK = 40°, JKI = 65°, and KIJ = 75°.

e B2: 3BT STU STT BTeT &Y UST = 50°, ST = 3 JHI. MO STU = 65°.
Group B2: Draw a triangle STU such that UST = 50°, ST = 3 cm, and STU = 65°.

e C1: PP EFG 3111 BT Bf EF = 7 JH1., FG = 9 4., 311 GEF = 90°.
Group C1: Draw a triangle EFG such that EF = 7 cm, FG = 9 cm, and GEF = 90°.

e C2: TP PQR 31T BT@T B PQ = 5 ¥HT., PQR = 50°, 3MfOT QR = 4 1.
Group C2: Draw a triangle PQR such that PQ = 5 cm, PQR = 50°, and QR =4 cm.

oy aioTYl fareneai=an T eI BIeras] AR, faemeail g& HRuARIH!, BV SUCHE Bleios
FIPI0T ThARY SR SMTOT BV SUICTHEN DI YehHehiUer diTes SR, el I TSl BRIAST Hi.
SETT BT, T A2 HefTes fermeafen diraires e or eI gdd (H1RUT 8 101 q1-a1-31 (SSA) AR ATed, Si
TUHRRUCd] IS ATE!) IO TASHT0T TE B1 Aelied faemeia aveiTes 1ol SIS gda (AT BI-DI-BHl (AAA)
PR ATR). T IY-TCHES TADTd Frepiv) AREH 3ciies R et — faoren 3t qoi siedn a¥ig! Brepro
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Ty STFUATHT TR AT — & FTTATATS! AR BT, A2 T I W 31Te (d7-91-%1, SSA) 3 7T I,
HROT & 37C Yol HRUMN T S GHIR FBI0T 37T (ATl T2 U8T). A2 M1 B1 el faeneafean sand I5e &
T feosed 31t AR -Tdhaua=aT iled. TR, Jrel A2 M1 C1 (]F81 SSA) TTei=a ! AR JTed, AThs
et 9. faermeaia famT #f C1 7Ll fAoia! 3T Uh=aud STEgd e &7 ARG SR faaRT.

Ask the groups to construct triangles as given in the instructions. Before they start, ask them to predict in which sub-
groups would the triangles drawn be identical to one another, and in which sub-groups would the triangles be different
from one another. Remember, students in group A2 should get different triangles (because this corresponds to the
SSA condition, which is not a condition for congruence) and so should students in group Bl (which has the AAA
condition). If everybody’s triangles in these sub-groups are the same, encourage students to discover that the triangles
need not be congruent even if they fulfil given conditions. The A2 group’s condition (SSA) is especially interesting
because there are only two possible triangles that fulfil this condition (see figure T2.) The students in groups A2 and
B1 will discover that the conditions given to them were non-congruence conditions. Following this, you may point out
the similarity between the conditions in A2 and C1 (both are SSA). Ask the students if the condition given in CI is a
congruence condition. Ask them to explain why.

ST, AT TS SaRIH1 BlGesed e IuTia IR 1.
Now study the triangle drawn by your group members.

T3 1: AT TCTd BIecses ad D10 AR 37Ted H1?

Q1. Are all triangles in your group the same?

W2 2: JEe1 T &I FHebIonl s dall bosl ?
Q2. How did you compare these two triangles?

elt 5: YepAa PAaptor=h AT FHRogATS) fohar orét

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

T3 1: Pocll 1 9D Tl Sl FABI0] BISAT 31T, ITTET AT DIV SARI BIeTaT, 3T Trele] aed e, IR BHIAHH! BIvT
Hife<l JERTST BTell BT ?

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 AP0 BIEUARITS] fBHT HIvrh A1 ST A 2 AT SYATN SRS, A3 e AT S HRUGT] T
P

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.
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e i=T g YR e SIAT Aig T, AT faendl ArEr=rgul & STgaT A : 4 <+ DI 07 < qrof Hi.
ATAT IR ST JFe | T TSIV e 55 AT bl AT ATl [pHT Al AT ATe. i1 JehedTa AR es el
BT 37T TUIS] QU ST HTfe TR, = <A1 a7 M7 &1 1= iy, ® <f1+ 7o 31107 <fl i AR 31e
(PrapTomr=ar |d I SRS 180° 3T ). TS facyes! ATfed! fohAT 37107 Taci= 3iTe, I W3] Hea &4l

Allow students to make all kinds of possible conjectures. One common conjecture the students come up with is:
give all three angles and all three sides. In response to this, you can remind them to come up with a minimum set of
information. The six things they just mentioned is a lot of information. Again, giving three sides and two angles is
the same as giving three sides and three angles (triangle’s angle sum is 180°). So ensure that the information given is
minimum as well as independent.

=T RET I 21, i1 Il IIFHT HISUATATST ST BRI <l S HIUTITE] HINET AR B, i
TR e, HOIHR TR febdl T fIaR e HRITS] Hacid SXe3 AT DIUATS] ARTH AiS ! a1 ATecdies. 10 d
12 fAfEiaR, e a=™amdl At JTgHT U 1.

Give them sufficient time. Insist that they write down their conjectures, in any language they prefer, using diagrams,
using text, or any other way that helps them to convey their thinking. After 10 to 12 minutes, collect their conjectures
for further discussion.

feremei=i SIgHM UBT M1 e TETaT HHI MTp el Al T, < 2T, AT AFHd AT ATE Bl Uhid [HAhI0T
PBISUITATS] Y15 ATScie I SUANN USdies, 37 faermeli Hiy 2rehard. e Fardl U SgAT U [aaR $HRIa] :

Go through the students’ conjectures, and look for possible patterns. Based on our experience, students came up with
the following sets of information as leading to a unique triangle. Each may be thought of as a conjecture:

« I 9T AT S B

Two sides and two angles

N 9T (1-91-47) (SSS)
All three sides (SSS)
* U 915 MM G DI (BI-a1-1, BI-HI-dT) (ASA, AAS)
One side and two angles (ASA, AAS)
S 9 TP P (J1-91-PI, T-BI-aT) (SSA, SAS)
Two sides one angle (SSA, SAS)
« F BN (BI-BI-BI) (AAA)
All three angles (AAA)

C

N\
N

£ ABC=45°

AB=4Tdhd
AB = 4 units

AC=AC'=3Tdhd
AC = AC'= 3 units

JMGeA T2 F7-§7-31 STCI YBHT 310 A 18] Ird ISTEvTT

Figure T2 Showing that SSA specification does not lead to a unique triangle
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IiehT IO W SUINN TSR TSI ATdR <at BT, faemeaf=r uois &) arre! feam a9 3t Tz 3med;
T A AT DIUTT TS, B 2T HUATAIST T BRI, TI-91-P1 (SSA) AR FAMIS! JRTA HTe! SaTexvl &l
SIS, 3Tl T2 HEY A Ueh SISV 318, ATATHAIY J¥e! BI-Dl-Dl (AAA) ATST UfT-SSTERUI 31Tg el
Conduct a discussion about which of these will not work. Students will soon figure out that the number of minimum
conditions required is three; discuss to find out which three. For some conjectures such as SSA, you might have to be
ready with examples. See one such example in figure T2. Similarly, you can have counter-examples for AAA.

faremegi=T ar-91-97 (SSS) AT HAEES Al WA dce. B Al UIg gl i gadd] A= Bl ared], g fans
3D, Yhauc=d] HICH] Pl BT TSI AT T HAICAT! BIRUI B ATed ATl [qenegizi =i Bxl.
Students will feel more convinced about SSS, and you can use this opportunity to ask them why they are so confident
about it. Conclude this activity by talking about congruency tests that work, and elicit from students the reasons why
those work.

elt 6: TARIATH ITAT HI0
P Task 6: Constructing a quadrilateral

T2 1 31, AT JTAT Uh<ay 101 Bl BRI, I AR S1Te3 318, TS ¥, Uh<ad dldhIe B4 Bl o g, SR UHayd
IhT0T BTSUITATS! HHIT HHT T ST BRI S, AR THaY Al - BISUITATST febelt 31T ST ?

Qla. 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?

SR faEnegte o3 1 3 9 SR IR 3e, AR A IR 31T BT aredid AT SIvrm IR 31T Jred, o fERT.
ITERNY, BIVIATE! IR o] Al [Se Qi1 YhHd i e B, 14 f=rRT. 797 i1 92 19 Qrearde!
. GEARIe] axd el SR BIg AHard. URg Jrel ST AT IS AP HISUARITS! HiTe cTeal o I
STHYST dl bl CAERI R

If the students” answer to Qla is “four”, ask them why they think it is four, and which four. Ask them if they would get
a unique quadrilateral, given information, for example, about all the four sides. Then give them Q1b. At first, many
students may draw squares, but when prompted to get different quadrilaterals, they will get multiple rhombuses.

T2 1 9. 31T fEosed Tl HTea] |d aro(dl Sidl 3 WHI. 3R, TR qre! diaiTed] bR fdhcll dlIdbld BIg bl AT faar
BRI, [T DI BRIGTAR AT BT BT,

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.

W2 2. U2 1 4 A, JreTos fopar Jared A3 ot derares =i fasres &1?
Q2. Did you or your friend get different quadrilaterals for Q1b?

T2 3. SR Hdes AR d19] faoyed 39l AR JFeTA diTdTes dlehi Has0] T8+ 3[R 3718 P17 JFaTa] B Toles ?

Q3. So if all four sides are given, is it always possible to get different quadrilaterals? How do you know?

73T 4. 3RM BT BRI B JFRTST UETE DT SR Hoardd 3. AT gl J1 Sl dibI AT, ! T4
Tl AT FEHETOT BreTal ARITS! Gt BHIAHH! BV AT qTodTes, AT faarR B,

10
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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?

SETT SdT, ANBIAIT e DUSEI SR, TSl JAZITDHS AR 151, R DI AT G141 BT 3730 Gpor &1 At
HHIG Aifed! e, feneaf wfeda Hare S Alsvarae! qudT de 2. 90T fhAT =R ardi) Arfadl g4t 8
AR, AT (HHAT UTa qTdl ATE I AT BT, 314 lad g%, fqeneai=t srgam g3 o1 M1 o &
SYAIN BRcHeS fhdl SRUIR AARIT, ITeES T BT, I 8 AT fAerea =T & Ted Hrd RIS hlal SETexul
[EEIRIAGNIR CIRERINECIER
Remember, in the case of quadrilaterals, you also have the diagonals. So four sides, four angles, and two diagonals, a
total of ten measures form the maximum information. Give the students sufficient time to come up with combinations
of information. As we ruled out four as minimum information, let us stick to five minimum measures. Collect the
students’ conjectures and conduct a discussion about how it would work or not work. Some examples we received
while working with Class 8 learners are as follows:
. 4TS 3T 1 o
4 sides and 1 diagonal

2 ] d19 AT 3 B
2 adjacent sides and 3 angles
* 39S 307 2 3AH DI

3 sides and 2 included angles

ST ATl T T AT TR B ATE, TTE S JAURET Teb BIRUT 31 3] : “HTbI TIR HROITAIS!, TS|
IR fig fbar RRIfdg FM2d =01, saead e, AR SIS AT6id $Tes 3 &1 AvedTe! i fog FiRa
PHROGTATS! <1 AT ATTZI D AT (FIepIor). ST STaeaTesT =it 9 Ff3d dxr=n offe. sueids saoe! Alfed!
Teh TR BT [hdl Sl HEHIT 3118, DI JICATAT TRe N DTS A<t T Sieed STICATAT dcjod DIl
. AT AT & TE 37T B A1 g (2 Hroarard) e oic QR30 1ET, B[ SMITs] fhH Urd 1] STdis.
Another reasoning about why we need five pieces of information can be something like this: “To construct a
quadrilateral, one needs to fix four points or vertices. By now we know that to fix three points we need three conditions
(triangle). We now need to fix the fourth point. The information we have is in terms of either an angle or a length. An
angle gives a straight line and a length gives us a circle. So it is clear that one condition is not enough to fix the fourth
point, so we will need at least five conditions”

fareneil gegetr aril SETevl TAR 66 FebeTd M1 T Yebay FepIoriel SI! fAse 1, o UTg Frebeiiel. JIH FHYL
HURITST 8 BRT; S1F Uhay f3hI0T ST cs bl dldid ol TR BIdT, O UBT. AT START AT e Uh=auczaT e
R1g HRUITATS! 8BTS I, G FHRI0 SIS TR MIZTD IRTS T 8T TSI AT HHI 81>+ T B, BT AT S
FrepToTi< gep aTo] ATHTS B AT

Students can actually construct these examples and see whether they get a pair of congruent triangles. However, a
general strategy to understand is to see how two congruent triangles when joined, give rise to a quadrilateral. This
understanding can be used to deduce the congruency conditions for quadrilaterals. Joining two triangles reduces the
information needed from six to five conditions, as one side overlaps.

T G| PHITDH] TSI WRIERE BIH DRI BT, 8 TUNT. XN J1d, Jee ! gaedn [zl St Arfec ok e,
TR RIS TS TlehI DI@UITET T DI

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.
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W2 5. AT Hfe< e Yebay 3ol febel Yehay T eies dlebl b fAsciies, ATl faermR 1.
Q5. Think about why this set of information will lead to congruent or non-congruent quadrilaterals.

U3 6. THHT TIhIT BIRUITATS I START SR, 13T TS ATS] B
Q6. List the conditions that worked for constructing a unique quadrilateral.

Uy Al HGUITATS! BIel FHT0Td 31T 3fTed, T gl AaHNTo! g faoredT e,

Some standard conditions that will give congruent quadrilaterals are given below for your reference.

- I SR 9T SIfOT T AT AHITIE 31RAo3es &I I

Three adjacent sides and two included angles within those sides

« I I AT T I s &I aTS,

Three angles and two included sides within those angles

YR, IR AP YhRUTHIS! (AT IEIe ST TS : DI-hI-HI-a1-dT, BI-DhI-d1-DI-dT, PI-dl-
DI-FT-I, qT-BI-TT-DI-TT (AAASS, AASAS, ASASA, SASAS)
Basically, for any quadrilateral the following are the minimum conditions for congruency: AAASS, AASAS,
ASASA, SASAS

* SR DB 3icTdsh AAUTe, TRd Yh@UdAIo! IR 15 1101 Teb DI AT 37T 31 ATl
Four sides and an angle can be conditions for congruency only if the quadrilaterals are concave

ABCD' 37Tf0T ABCD" AT A1, C
£(AB) =5, ¢(BC) =6, £LABC =90°,

2(AD") = £(AD") = 4 3MfO1 £(CD") = £(CD") = 5.

TOT ABCD' BT ABCD" fT Ueh<ad 18! D"

In the quadrilaterals ABCD' and ABCD",

f(AB) =5, /(BC) = 6, LABC = 90°,

{(AD') = £(AD") = 4 and £(CD') = £/(CD") = 5.

But ABCD' is not congruent to ABCD" D’

A B

MGl T3 7-§7-T71-7-P1 & STFATT g PIGUIN IGTERTT
Figure T3 Refuting a SSSSA conjecture

hell 7: dTel @ RAapior Sfor it

I> Task 7: Some special triangles and quadrilaterals

UehRay 10T 3TTOT Ueh<ay TlhIs HIGUITATS! DIV BHITHH! AT a3 T, o ST Tfees. R AT IV HIet

T T3ep 10T JATIOT A Ieh I UTg ATV T 2T BRUATATST BIVIH HHITbH! AT(S T a3 AT, o UTE.

12
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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. Yebay HHYST F2Hep101 DI UATHS] eI DbIvTe] DHHITHH! AT TR A ?
Q1. Which minimum conditions do you need to construct congruent equilateral triangles?

foremeai=a & Gerd IS Bl Uh<ay FHepIv) BISUITATST FHYST FhI0medT e Yl aTofdl eiel JR3f 3. @R R,
Y ABIOITAT GebT ATl Saial faedt, TR qad Afed #0rot WeTel el (]M1 a1y AT <A1 1) el <l MBI,
1 HEATHS B il e AT &l Il

The students will find out that only the length of the equilateral triangle is enough to draw a congruent triangle. In fact,

by giving the length of the side of an equilateral triangle, you are giving all the 6 pieces of information (3 sides and 3
angles). Do emphasise this while discussing this task.

U3 2. Uy AR DIGUATATS! JFETAAT DHIThH! DI HIfecl BHIcs ?
Q2. Which minimum conditions do you need to construct congruent squares?

feneti=ar & e I5a &1 Uy TR HIQUITAIS! Hadd UdT TSl Sidl ATeId 3RO, JRH 3. ©R X I 9Ikd
3T 3R | STOT AR U] ATSl 3 el G, Je! 313 1T (AR 15] M1 IR DI ; e DI 90°) Sl ST AT
HEATHS 1 il DRl SR BeT I,

The students will find out that only the length of the side is enough to draw congruent squares. In fact, by saying that

it is a square and giving the length of the side of a square, you are giving 8 conditions (4 sides and 4 angles; all angles
are 90°). Do emphasise this while discussing this task.

T3+ 3. Ueh<ay AT PIGUATAIST JHT3T DHITDHH] DIV AT S31IIes ?
Q3. Which minimum conditions do you need to construct congruent rectangles?

=T § SETd IS B AT I, B &1 ST arodl Bidl gRal 3178, TR R, AT & 19 Sl
ISl B <, Je! | 3113 31T (4 ITo]—Tqog qTS] FHI 3Te: 4 DIT—Hd BT 90° e ) &l JATETC. T JeAThS
Bl Pl HRA AFATT 36T aeT.

The students will find out that in the case of rectangles, you need the lengths of two adjacent sides. In fact, by giving
the lengths of two adjacent sides of a rectangle, you are giving all the 8 conditions (4 sides—opposite sides are equal: 4
angles—all angles are 90°). Do emphasise this while discussing this task

U3 4. Uhay FHYST DIl BIGUIRITST JFaTa] BHITDHH! BIuTcl ATl Biles ?
Q4. Which minimum conditions do you need to construct congruent rhombuses?

13
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fqenell 2 Ay Bredias B FAYS bl qEdid, ATITeS] Yl ISl Bidl AT Ueh BIF AT/ 30T, IR
3. TR TR, FHYST <P 1] U] TSl SBIdl 0T UhT DI A S+, Jre! 1S AT ad MBI (IR Iro]—Hd
TS AT AT ; IR DIA—3Td DI YReb AT ATV {Ieeg DI FHI AT ). T JeATHS B Pl DRl SR
&1 e,

The students will find out that in the case of rhombus, you need the length of one side and one angle. In fact, by
giving the length of one side and the measure of one angle of a rhombus, you are giving 8 conditions (4 sides—all
sides are equal; 4 angles—adjacent angles are complementary and opposite angles are equal). Do emphasise this while
discussing this task.

U3 5. Ueh<ay FHIIRYST Tl PIGUATIST J¥BTAT BHITDHH! DIV AT AT ?
Q5. Which minimum conditions do you need to construct congruent parallelograms?

AHICRYST A1 T2 e, JreTes] S3HIereal QI aTo(dl S3idl STTOT il FHITAY Posesl Pl AT I 3l TR ATe.
R TR, FHIARYST AT ST QI dTod] Sia AT T FHIAE Bos31 DI FRIAST, TR el TS ST AT
3BT (IR T —(I%g 19 FH AN ; IR HIT— A% DI FHI FAI M7 ST DI YR I ). AT

HeEATHS Bl Peil DR AT & .

In the case of parallelograms, you need the lengths of two adjacent sides and the including angle. In fact, by giving the
lengths of two adjacent sides of a parallelogram and the including angle, you are giving 8 conditions (4 sides—opposite
sides are equal; 4 angles— opposite angles are equal and adjacent angles are complimentary). Do underline this while
discussing this task.

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

HHeS DT e, JBTAT FHIOR THT ThT aTod] Sidl, UrdTel Bidl A1 UraTes Ierear &1 b= A1y
3P TR, BT bl A Il 3MS 3R A, e (aored Aifgchasad gavl AR a1 PTad Ises.

In the case of trapeziums, you need the length of one non-parallel side, length of the base, and measure the two bases
angles. By saying that the quadrilateral is a trapezium, you can construct the other parallel side from the given information.

MYV G Prelidrs YAl UTEeATH, U] SETd U Bl Yy dRE HISUATAIS! WEYUl Hhax Ydhd HAlfadl
S, ATIIAIST AT FHYST AIDIRITST T F=adTa] Alfeel BT, FHARYS AIBARITS o wedral Afe!
3T TS TIDIATATS] IR FRaUT ] AR T2 3. JMIATAT SR JATST RIS TR AR BT 3T febal FHYS
Il fARIY YPTR 31TE, A fohdl FHYS AP & THIARYST AlDIAT 21T TR AT AT AHIARYS Al 81
SECTCICARICINEEE R CORECIE

If you look at all the tasks together, you will notice that to construct congruent squares one needs only one piece of
information explicitly, for rectangles and rhombus it will be two pieces of information, for parallelogram it is three, and
for trapeziums it is four. If we recall, squares are special cases of rectangle or rhombuses, rectangles or rhombuses are
special cases of parallelograms, and parallelograms are special cases of trapezium.

U el ola¢ IHID AR AbIA BISIS, T YhHd b HIGUITAIS! SHIUMAT AT HT d1ed s e,
So as you construct more and more general quadrilaterals, you will need more pieces of information to construct
unique ones, till you reach five pieces of information.

14
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ell 8: UThIT wIGOL
P Task 8: Constructing a pentagon

T2 1. 37T Jeles] Yhay (ehIvT fhar gehay <i1eh I PI0Th v ISR Bl U, & FHOTES 318, AT IR, T gadhi=
PIGIT. SR Yy (DI BISUITATST BHITHH! A AT T 3 AT Th=ay dlhIA HIGUATATST HHITbHT et
HET T 3RS, TR UH%ay UFdhI- BIGSUATHTS BHIqdHH! ST AT fohell 31e3, 3T T arecl ?

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?

ggHT, giady g fenefi |’ SR s, [ fdeies STR aRIGR 3oy, IR U] BIe! ST INYUITAIS!
frenegiag Arfed) Hedr SuTae ThHd dad I H1ed .

Mostly, the students will answer seven, by looking at the pattern. Though the answer is correct, probe the students to
find some of the seven conditions, such that they give a unique pentagon.

T2 2. 3701 BT BT BT FEFA NI G HTETad Qe 312, JHeT J1d Sl U1 3118 STTG] a9Td YadId i1 HIadT
1T, TATST JFeT BIVTh IV ATfee! ursares ?

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?

AIDIATTATONE, eI HEIE 0T SR, TV UTe a9, UTal I ATOT uTl ol 37ft e deT ATdi HH1es Afed!
. faeneatar wrfEcdie SaIo SvarRITd! gt de . feneaf= s Tas &1 3ffor <t aRieR 3ffed & A1eld,
ITEES =] BRI

Asin the case of quadrilaterals, for pentagons, there will be diagonals. So five sides, five angles, and five diagonals, a total
of fifteen measures form the maximum information. Give the students sufficient time to come up with combinations of
information. Collect the students’ conjectures and conduct a discussion about how it would work or not work.

T aaoses! AT Yegerd SRl s &1, o qUTAl. d_ies U1 Jrel Sl A1fed! HHRTUMR ST8Td, TR JTETRT dIaTed
U1 PIGUIT TIT HN.

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.

U2 3. ZIT"illr%th:lHN Uhay fohar Uehad THes o) Ul I TN 8 & Ahdld, YTdR GCEIRECNS
Q3. Think about why this set of information will lead to congruent or non-congruent pentagons.

U3 4. THHT GBI BIGUITATST DHITHITT 3T YA ST, Jr) ATS] B,

Q4. List the conditions that worked for making a unique pentagon.

15
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Gaeh I UehRay 3178 fohdT ATE! < (-T2 BHRum=ar 37l shrel e JHeal HSHN™Ie! e faes e,
Some sets of conditions that give congruent pentagons are given below for your reference.

I CRICEIS IR
All 5 sides and 2 of the diagonals

I IR 1S AT A 3T_Fe3es <l DI
All 4 sides and 3 included angles

TR DI AT AT ST T

angles and their included sides

Fﬁ%ru?r QR TgYSTThd! ShIGUATATS! ARTom=aT Sréi=h form dear

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

3T JFRTHT Yo 10T, Tehay Fleh I SO Ueh=ad UaIeh I BhIGUATATS! AT SRI3 e 3T ol AT AT I SIS 3118 FAT
TR, 3T Yy FChI ATV Uhvay AIhI HIuaTaTa] el 31T STTdTd, 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.

B! JFETST BRI VT T BRTGTAR I BRI JHAT IfSTSTEI el 1 /e Aifeel fo5aT.

Make some guesses, and make constructions on the given sheets of paper. Record your guesses in table 1 below.

gdTee : §Ie L s
qIojE! @& EELNIENIEEIC] NMAFAER ST ST He&T
Number of sides Name of the polygon Minimum conditions required for
in the polygon constructing a congruent polygon
3 3
Triangle
4
Quadrilateral
. i<
Pentagon
6 =
Hexagon
7 [
Heptagon
8 STE
Octagon

TR 1 Yb¥ay FgYoilghd] BIGUITRIIST GRTVI=IT BHIddHH] 37T
Table 1 Minimum conditions required for constructing a congruent polygon

e faemell areciear fFAReror eas dad qui a 2ADTd. Bral fAemefH Tadl TS ST rSavll A, JAbwd.
feremeg = gt e & afor <iaR faermeatl ST 8 hoaravics dai qul B
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Some students may complete the table by observing the pattern. Some students may struggle with the table. Give ample
time to the students and then collect responses to complete the table on the board.

IS A Rig H0T

Proving our Conjectures

TS, IMAST PIVTCH STTAT IRIGR TS AT BTl Gl 37T, A MU0 B Rig FH Frepll, I UTEAT.

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

TP TIpI Bl

Draw a quadrilateral.

T 1T 3T b B BT Bl DI G D07 Ieiles. MMl 1 92T

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

(A, 3MTIVT T T TBRD AhIT BISes 3MMed).
(Here we have drawn two different types of quadrilaterals).

=

el 1 FipIrd FpIviHRT
Figure 1 Triangulation of quadrilaterals

JMAYT 1fges Bl AP AlDIA AT TR a9 Ioiae [GumTar T, MIiTaT 8adics HISId 318 &I UhHd 31T 11
BIGUITITST JMICATHT BHITDBHI 1 3TST MTaZUD A

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.

U, U] 10 BISUIIS! ATIeTST i ICT Masde ATed. Ja=uT FHBIVINMIG! AT ST A e BRI,
R IS U I15] AHTS S RIS a1 S0 Uy 107 H1evard AMuedTe! Had aﬁsﬂ‘\fsﬁa’ﬂﬁﬂa i
37T TSN 1) Ueh TS 3TIOT 2) IT TS AP ITT HUTAT sl i, fhar AT SISIYTsil, ST HIURTE! G DI I3 3Tl
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.

AT TR fIaR BT I5 e, Al FIo] Uhal 3TVl ufe sl Frepior iR et ot @ il i RRISg Fiiza grard. =
Iy BRI MR v, a1 ol (a¥1e ITeRI AR YR2I 31T, U AT fhH ITer ST Qe
EIERICINERICALLIRIG] YNRRIT 3 dId.

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.

QAT AP TN IATATS] ST HHITHH ACIqES AT NPT aRIER .
This also reconfirms our understanding of the minimum conditions needed to construct a unique quadrilateral.

YT BT Ygd YIRS TR S IR B 8IS 2

What will happen if we do the same for a pentagon?
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TS Uh YD1 PIg 30T BT GabI= HHI HHI Bl BIg fdbeil BpIod fAHRIAT Ise3, o UIg. MMl 2 TST. AT eI
FRIT IS Bl S BT Plaed T, G 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 ATTATS] B QI 7S] SIS, T fRa=a1 B I0TATST AIITST [ &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.

3gpelt 2

Figure 2

ATSHIT, JHT FET ATeH RIS DI AP dod! ATV U (D107 Sireal, degl &I 31T qedld. UM YhHd 39T Gaahi
BIGUIATATS] BHITDHHT 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 AT fBHT 1T fobell SFFIeiIes, < UTg.

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

3t 3

Figure 3

1. QEIRTYCHIA el FIvNd [AHRTaT I$3 ? (SeITd SdT, BIecs el BUM! T BHITHH! STATIST 84T

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

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

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

3. TEET IHIA fohdt fHreprornd faurTar A srear? anfor w12

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

18
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3Mepelt 4

Figure 4

4. TR I TGTDI BIevITATS! fhHT fohdll 37T TTasddh AT ? 3MTOT H1?2

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

3Pt 5

Figure 5

5. UEIE] I fhelt fBraprond fQurrar ¥ spar? snfrer?

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

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

UHHa qgg\mgpcﬂ Wﬁﬁ?ﬂﬁﬂﬁﬂﬁﬂ%—cﬁmaﬁ, T UIBU ISP SN, AT ‘n’ 919 RIS
YA goard b, Ifees i ﬁﬁﬁq 2 BRuATE, AueaTeT i 31T JATgzYD e, Tl n — 3
, IS FHAT S Ta=aure A1l feha SISt sTazae aMed. U MU A 2(n — 3) + 3 =
2n—3 ﬁ&lqaucb 3MMEd. TEYOMPAE (n — 2) PRIV fAUTST Po5 TR MMIATST ST IS DI (2n —3) 3t
UhHd] Glgﬂ\l‘llcé?dl SRINE R R 3Me. Ul YdhHq Glgﬂ\ﬂlgpdl TIR HRUITATS! N3 D 5T [hHT ISl
J&IT 2n — 3
It is interesting to see what is the minimum information needed to construct a unique polygon. Let us start with a
polygon with n sides. To fix the first three vertices, we need three conditions. For each of the n - 3 remaining vertices,
we need at least two pieces of information or conditions. Hence we need at least 2(n — 3) + 3 = 2n - 3 conditions. And
the process of dividing the polygon into (n - 2) triangles tells us that 2n - 3 conditions are sufficient to construct a
unique polygon. So, the number of minimum conditions required to construct a unique polygon is 2n - 3.
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o EICEECIERISI]
= Suggested Readings

o  Simple argument about the number of minimum conditions needed to construct congruent polygons https://
www.mathopenref.com/congruentpolygonstests.html

o« A simulation to check congruent polygons by super-positioning https://www.mathopenref.com/
congruentpolygons.html

« Interesting examples of congruence https://www.andrews.edu/~calkins/math/webtexts/geom07.htm

o  Detailed proof of why the number of minimum conditions needed to construct congruent n-gons is 2n-3 http://
www.amesa.org.za/amesal_n21_al2.pdf

deof
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