fefomirs Y=g fusret fearet

LU 8.14. &t 3usn ggga=T (Polygons) AHY T5?

LU 8.14. Is Your Polygon the Same as Mine?

Overview

HJ

In this Learning Unit, students will explore the minimum conditions needed to construct a
unique triangle or a 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 they have studied.

fer fhusret fearst 9, fefonrgdt fesuz f3de (Triangle), 9398+ (Quadrilateral) ™3 J9 Sgg+
(Polygon) 76T &t Agdt forasH mas < ua9s a9ad| fer fiystet fearet w Gen fefanmadhnt §
feg wifgam q9@e I fy frodht Hoz' fegue wggd § 93de @ U so8d I, €9 mHgusT

(Congruence) ¥t Ba3T I& fiat @7 Gt & wiftms oftsr 31
Minimum time

Triangle activity (Tasks 1 to 5)- Two sessions of 40 minutes each
Quadrilateral activity (Task 6)- Two sessions of 40 minutes each
Extension to other polygons (Tasks 7 to 9)- One session of 40 minutes
33 (Triangle) fafant (/97 1 to 5)- 40 fifet T € AFG

3937 (Quadrilateral) fafanr (@aw 6)- 40 fiict € € AEs

J9 ggga=’ (Polygons) &9 ferms™a (araw 7 to 9)- 40 fife v € Ars

Type of Learning Unit: Classroom
frueret fearst IBTHIH-MUTT3

Introduction

HE-UsE

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.

ot 3t a2 Afgn I fx 3HT 3R § 96 3 39 (Triangle) 7 2955 5= &9d), 1 373 famrar fg 97 It off
FJar off 3t A=t (i) 77 At T fdd J9:ia w3 ot 8 fevadt & 8t wriirarg thaar fags 393
He feoig e fon 3 fegrer, 3T fog Wil areardt € 3 fa= 99 Hae 32 »id vl a3 Gegas &t =3,
fedtae, w3 fegs’ fsduet & 3AEld 99 77 feda’ T 436 99d YRaT 947 Aeg o< & e I37dT|
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Unit-specific objectives

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

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

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

- feBuz f33Et (Triangles) € AT »i=z AHIUST € fegdg £ AUT AEUS aJ6 SET

- f33F, 933997 (Quadrilateral) M3 I3 gggA= (Polygons) €t feagu3T § TalaT 98T HET
HITET HIST BT UST HArgET

Links to curriculum
USH9H © 8

. Congruence of Triangle (NCERT Mathematics Textbook Class 7),
. Practical Geometry (NCERT Mathematics Textbook Class 8),

Prerequisites

»Rrg ArEaTdt

Students should be familiar with:

fefenradt A J=:

. Use of geometric tools like scale and compass

. Basic construction of triangles and quadrilaterals

. JuraIfesd (Ghfed) Arust fAd UHTeT (Fo®) Wi Ugd'd € 293
. ECtREEESEREA LT

Materials
BHer S
Blank sheets, pencils, erasers, compass-boxes (compass, set-squares, protractor, and scale),

scissors.
A v A SN ) 3
Yt %, U, 993, UIad-gaHT (U3aTd, He-23dT, Yoded w3 YH™aT), ot

Task 1. Drawing your triangle

&TIH 1 MUET f3&E (Triangle) I €=

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.

YHS 1. 9 € o3t et Ul Hie 3 wiyst UAe © f3de 9578 | 33t © 3a=f w3 gt § HU w3 39
T aSfag (Vertex) § 3B 39 |

Before the students begin working on this activity, make sure they are sitting in pairs.

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.

fefenrragt for aStfett '3 dH 9T »id8 ads 3 ufost fog Aferfos ads fa Bu afsni feg 88 75 |
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IIS I9d BE gAI fefenradt &% fegrg Teied € &3 Jet J, »3 & fearst ffg »ift wiarg
fefenradit & Ateg o REfuz I97dr | T Bferfes a9 fa 8aar Arfont o &3Ter AHTs I AT ufie-ufe
J9 A3 A& BT UII9-gaH 7 I |

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.

feg gStfedt 3078 feu s e Har 2<dtt fa fefenaet f3ds ga7 & §F% 3= »i3 d&t § HY AGE I3,
3 ot BT AET I5 fa f33E & 39w fa< a9aT I | niAt a&H 8 T fefentaghn & &t feg arstfedt i,
Brruas &t fI39 2 1 24, fan f<g fefonrgdt & f33E v7 I3 9% oi3T |

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

YHE 2. MU BA3T ergT 9ae f3ae & 2 | oS fewsgmy aug nifenm? 8T &t 37

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

A a9 3 3AT 30 geet I 8Ré A o 34, »irt for arstfedt ©97s amire feg garar for @& nieidr |
Task 2a: Constructing a triangle when only one side is given

arad 2 € faa= g=@=r- ae aen ¥a gar fddt 92
Draw a triangle on the given paper, one of whose side is 6 cm. Label the vertices of your triangle.
&3 aram 3 B f3as g7, et ffx gam & ®aret 6 Hehiteg d< | defdentt (Vertices) § 9% &9 |

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 Sige “hert

to get equilateral triangles. You can respond to them as, ob—
One.of the sides of the. triangle is 6 cm, and nc?t all". Figure T1: Students' way of labelling a
Despite this, a student might draw an equilateral triangle, triangle
and we discuss later, how to handle such a situation. y

o33 2 1. fefonragt enra &9 137
fefenaet € yis Ug Ao Is, fa ot f3ds € A9 uH 6 f3ae
Hehiteg 95 2 m3 &/ yas o £ 9ar €39 J, "adi" | Ast asitfedt © €2F &<t, mHg+t f3aat
(equilateral triangles) &7 =T fgg39 T | 3AT 8JaT & &R 397 Aeg ¥ Faw J, "f3ac = €% uAT 6
Hehileg g, A9 adt" | for € gege, fa fefonrad fex mHst f3ds g7 AgeT J, w3 wiFt smie feg
feor9 a9tdr fa mifadt AfE=t & fas Harfenr A< |
Now study the triangle drawn by your partner.
I MUE TA3 @97 5T f3aE € A9 &9
Q1. Isyour triangle the same as your partner’s?
YA 1. df 3T &< it 3ast AHTS 967?

——\q

Q2. How did you compare these two triangles?

YHG 2. IHT £< f3de € 386" fa= aisi?
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Q3. You and your partner, both were told that one side of the triangle is 6 cm. Did you both get
exactly the same triangles? Why?

YH® 3. 3076 T § f3aT g8 et faar A, faret ffx 37 €t Suret 6 Achiteg | of g<f & f3ast

AHTS 382 mifrar fag?

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.

I 9 a1 fegat yast & IAT g5 gaet A9 &< | fefonrget f3ash € 3uaT et U7 HUEs 93
Ade J5, TAT X gAT=t & ®gTer AT J&f € HU J967T | a&H I WHe AN funs fe & wifrg 73 7
friget & f3dE MuHe QU &9 nidddl 7o | foast fefonrading § U2 fx Bst § grmet o duret it a5 @
HY €t 7993 UE 7 €T far I3 a1 5% &t ©H AgE I3 |

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.

IS HTHTon T f3de Aure JuU IS8 U9 41 AGT 6 | Al I8 HTHenT S gret & ¥l 7T o ©
HY 33 € 3 U ASEt J | 3867 d96 © & 99 39 J fa 3t Qusf gac a ffa g 3y & A &<
FgHT & IAST © 37 AIS »id U A I 2 AR J | miftmmud fer 1 3 fefenragintt § ©F Aae 76 fx
A f3de A JT (H3®Y, A &% et A= »3 de g9789 J2), Buat f3as & »iHt AHgyu
(Congruent) Ifde It |

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

9 20t fAdz ge @A e ffa = ffzr 39
Draw a triangle on the given paper where one of the angles measures 55°. Name your triangle.

&3 aam 3 €a f3as g fare ffa dz 55° 3= | f3as d aH fef |

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.

fefenradt mree g0 Jf &7 HY & A6 97g% J2 | 098 1 fiage fa ae dt fesr dfenr 9| fem i
T gfeeT 856 w3 fefenrggnt § f3ds eff ferms=i e fic fa 3g g A f3as e € de fis d= 3t
S SAT e e AR UST &AM A J |

Now study the triangle drawn by your partner.
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TE MIUT TAS ©dT 978 f3dE d 79 &9 |
Q1. Isyour triangle the same as your partner’s?

YHS 1. & 3973 2 €ff f3ast AHTS 957

Q2. How did you compare these two triangles?

UHG 2. 3HT gat 3o € 386" fa i3h?

Q3. You and your partner, both were given one angle of 55°. Did you both get exactly the same
triangles? Why?

YHS 3. 3974 2 & 3T o8z &t fagr 7, fame £ g 55° 92 | & 2<f et f3dst ANTS 982 nifaar
fx€?

Task 3: Constructing a triangle when two measures are given
9d 3 3z g @A ey i3 3=

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.

Hegtadegaei ey fe6, sy g aganE Eaas e HU B S HaA T g € ST T HU B |
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.

A 78 35 Hadi 98 | I A 3T 33 80 fefonraghntt € visdn 58 | feost § F, U, aTaH &
e8|

Group A: Draw a triangle whose sides are 7 cm and 5 cm. Label the vertices of your triangle.

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

Group C: Draw a triangle whose two angles are 50° and 75°. Label the vertices of your triangle
HaH & f3dE 578 famehet gamet 7 #ft. w3 5 HHt. 3= | f3de © defdent (Vertices) § 9% 39 |
Hadh u: f3de g8 faret £ 37 6 H.HE. i3 3 55° 97 | f3ae € JefHent § Bu% 39 |

Hae 1. f3dE 978 fAAe € 3 50° w13 75° 3T | 30T ¥ acfienT § 98 a9 |

Now study the triangle drawn by your partner.

TE MIUT TAS ©TdT 972 f3dE e 79 &9 |

Q1. Isyour triangle the same as your partner’s?

YHS 1. & 3973 2 eff f3aet AHTS 957

Q2. How did you compare these two triangles?

YHG 2. 3HT €6 33 & 38T fa= aist?
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Groups A, Band C:

S &, ym3dr

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

YHS 3. o 39S HEH © Hedt © f3de AT 757 fag?

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.

e fa ufgst St famir 3, nirH 29 3 fefenragt saret € St AT Jd& T HY 9o UST &I AdE 76 X
f3dz M o f adt | niftmimie et § ofe & B o7 3 34 & 7 32 a8 SHET & 37 FI3 ofd u
& f3aat & AHgU3T (Congruence) T U3T &dT AAE 6 |

Task 4: Constructing a triangle when three measures are given

arad 4. 3z g @ e sy 83 3=

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 & & 35 Vst e Sfsnr 3fenr I | I= 99a HEE & € Afg-HEsMi a1 &2, U1 &2 03
1 &2 | T T IIar 739 576 83 fefenradt fx Afg-Hss feg 9= |

Group A1: Draw a triangle XYZ such that XY =4 cm, YZ=6 cm, and XZ =7 cm.

Group A2: Draw a triangle ABC such that, AB =5 cm, BC =6 cm, and £ACB = 45°,

Group B1: Draw a triangle lJK such that £ZIJK = 40°, £JKI =65°, and £ZKIJ = 75°.

Group B2: Draw a triangle STU such that ZUST = 50°, ST =3 cm, and £STU = 65°.
Group C1: Draw a triangle EFG such that EF =7 cm, FG =9 cm, and £GEF = 90°

Group C2: Draw a triangle PQR such that PQ =5 cm, £ZPQR =50°, and QR =4 cm.

H3% X 1: f3dE sdar 5576 faAeT, s = 4 B, "ar = 6 HHY, ni3 &ar = 7 Ao
H3% X 2: 3o gad 978 faAeT, 92 = 5 H.HY, 87 = 6 A.HT., i3 £ 97 = 450,
H3®I Y 1: T30 38¢ 976 fAATT, £38T= 40°, L83 = 65°, w3 4T3 = 75°,
H3® v 2: {33 Aew 978 faAeT, LWAT = 50°, AC = 3 H.Ht, mi3 £ZATH = 65°.
¥is%t a1 1: 39T ueg g6 famer, ue = 7 BT, 29 = 9 HT, i3 23ue = 90>
H3&t a1 2: f3dE 930 96 faAeT, 93 = S A, £330 =500, »i3 3T = 4 At

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 B1 (which has the AAA
condition). You might have to have a common discussion if everybody's triangles in these
groups are the same to encourage the students to discover that the triangles need not be
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congruent even if they fulfil the 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 C1 is a congruence
condition. Ask them to explain why.
fefenraent § fesht JEest € nigA™g f3dT a8 &t JJ | HY J9a 3 ufas!, 8ust & ad migHs
w8z f fam Hzdh € Haat ¥ f3az fed fg J=ar vi3 fam 1Hzdh € Hagt S f3aet widar Jeathort |ome
, X2 W3S © fefonrgaht § nidar f3ast fissanii(faBfa feo g3 HI3t 95, 7 AHgU3T
(Congruence) ©ft A3t I5) feet It u 1 Had T fefenradhn st & (fMust § aad AI3T THeT 78) |
7 fogt Mg i 999 @ faae feq 9 5 37 3076 fx AY fevrg-zeiey & wgas U waet 4,
wgmwmw@mwﬁw@amuﬁwmm@m(Congruent)
Je st &t 1 x2 HaH Tt B3t (33%) uTHE feweRy I6 fagfx feast Hast § udntt 9%
THEN J=® © It 3ae I6(fd39 22 TH) | F2 »i3 ¥ 1 HEeT © fefonraet &g Aead fx 8ast &
et B3t AHgUST Enff B3t &dt 98 | fER3 gmie, 3H 2 »i3 ar1 &t HI3t S8 AHTS3T T9AT
AT J (€< 33 I%) | fefenragnt & U2 fa ot a1 <9 &3t ot i3 AHgUST ©F A3 J | Widig It 3
nifrar fo€ |

Now study the triangle drawn by your partner.

TE MIUT TAS ©TdT 972 f3dE e 79 &9 |
Q1. Isyour triangle the same as your partner’s?

YHS 1. & 3973 2 eff f3aest AHTS 957

Q2. How did you compare these two triangles?

YA 2. 3HT &< 133 & 3%aT &= aist?

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

A 5. fsqer f3d= g=8E &8 foHs3H Fas3t

Q1. If you want your friend/partner to construct exactly the same triangle like the one you drew in
Task 1, what minimum information will you have to provide, such that she/he will also construct
the exact same triangle?

YHS 1. Had AT 94T J 1 3037 SA3/AET fasg® B8R f3as T fogne &9 e & 3At aan 1 feg
gerfent /Y, 3t 3978 foHa3H ot AreaTdt 2t udit fg € <t 8F fadt f3de v fegre w37

Q2. In the previous question, is there a different set of information that could be provided to
construct the exact same triangle? Try and mention all such different sets of information that
would work.

yrs 2. fues yras <9, fasgs §R f3ds § a8 &2t off Areardt 27 Sudr AN & J AgET J7 Aadat ©
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AT U-9 ATt T friag a9 Tt afir &g |

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.

fefenragint & 79 fom € nieHTs sargs &t mirfamr w6 | 8wt wigHs 712 fefonradt & o nrge
I, fa & »iFff A9 a w3 Adt gA=et & HU gEie | Bos & oe Jaer fef fa Qost & foHasH
AEardt Tt I | &g & Ha3t g3 fmrer Areardt 95 | f£R 390t et 3t Qeraast I e o 3w
FATST T HY W3 € J&T €7 HIY 88T ATd o M3 Ardtnit gAeT & HY © §9799 J (f[aBfa fSs s er iz
180°9) | for %t pfenfos a9 afi: o3t Areardt weufle m3 B339 7|

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.

8aat & gt At fe§ | fimrs fe€ fa 8T ninus nigrst & farr <t g o8 fod Ao g6 w3 msTgs

%et fozgadt AT 99 BT 2 293 AT Is | 10-12 fifet gmie €aat € nigHs fegrg Tcivd et f£ds a9
%S|

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:

fefenragnft € nigHTsT § U3 M3 HZe3 Ao 2% s fe§ | A3 3w9a nigrms, facae f3as a8

wet fefenradt fegat Araardt € ANT & o vl |
s Nee
B Ill AB = 4 units

e Two sides and two angles
AC = AC' = 3 units

¢ All three sides (SSS)
e One side and two angles (ASA, AAS)

e Two sides and one angle (SSA, SAS) |

e All three angles (AAA)
. %31—4 3. YH‘B’@&E J

o f353A (I35 SSS)

o T8I AT I T AS(FTSA/ASA, TSS/AAS) Figure T2 :Showing that SSA specification

o TIAE NI B TEEIA/SSA, SAS/SAS) does not lead to a unique triangle

o 35 3= (T AAA) 839 22. FFA(SSA) HI3T fessuz f3as
&t fedht

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.
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35 FI3t €1 3 J: 9997 a9 faasnit 35 Ha3t | I3 migHs fie f 33a/SSA &t 3076 BTddst ¥ 5%
fanrg Ifger grdter I | 939 22 9 wifadt Berage ¥ | el 337, 3HT ISA/AAA &t &t Beraget
Mg Ty AT J |

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.

fefentragt 383 3 fimirer I9AT fed™ Aae J6 i3 IAT R ¥ BaaT 3 Ug Aae J fx 8T fEat samie fag
5 | for aSifedt § foRadt f3dE g=r8T &2t Agdt foHs3H I3t €A &, mi3 &g fa< aH J9eit I5 €/
JIYSH AT AT J |

Task 6: Constructing a quadrilateral

&9 6. ffx 9393H (Quadrilateral) g=T@=T
Q1a. 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?
UHS 1 8. g€ AT »iHAt AHgY f3de a8 iy are of, 98 J& AHgY 9393H g&'8e’ fHYT If | Aad AHIY

If the students’ answer to Q1a 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.

feg fefenraet = €39 "g9" 3, 3t 8RS U 99 9t &€ »i3 faadi 99 Hest| §a%' & U fa e
Berade T # 99 gA=! ¥ v fE37 J7, ot Qust § fesdus v39gn fHasdi? wy feg fefonradt nidar
M1 TJIT (Square) IS AAE I6, UT H IAT BUst § TU-TY 93930 78T I #d T<dl 3T Qo I I <
AHY3938H (Rhombus) ¥&T 4T |

Q1b. Now, given that all the sides of a quadrilateral are 3 c¢m, think about all the different
quadrilaterals that you can draw. Draw the figures on the given blank sheet.

YA 171, I 3978 93990 98T J faAet 99d 37 3 At 7| Jfm a9 fishit festus 93937 g Ag®
Jazg | fI3ar dudt U8 398 |

Q2. Did you or your partner get different quadrilaterals for Q1b?

YHS 2. Jf 3T M3 3T73 ATET ©ATaT aEt 93951 T 0w dT I&?

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

YHS 3. vag fAge gamet v vy fe37 37, ot feg Agw J fa widar 93937 fhssainii? 3t fad U3t a9 Ao
J?
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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?

YA® 4. THUST A9 T 376 MUE TA3 § »iust 93990 979 oA J | gT uid-le AEadt g9 Ao H IAT
87 & 3191, TR & HeT &% BAd Gt 53930 fHsar figsT 3973 fonmar e At | 3AT §Rd of Arcarat
o

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:

e 4sides and 1 diagonal

e 2 adjacent sides and 3 angles

e 3sides and 2 included angles

TE 9° 93987 © HTH® <9 fedas (Diagonals) ¥ d=dT | 2R &St 979 gA'<!, 979 oF, W3 © fedds o%
TH HY 0 3 T0 ASddT 76 | fefenragntt & Aredrdt € BHS 576 »BE SeT Agdt AHT a8 e fa niAt
9 HI3T § WU ArEardt @0 AR J9 €37 J, 9% gT U A3 &% N Jie | fefenrgdgnt €
e fEa39 a9 i3 (9979 T2iedT a9 feu a7 aH I96dl A7 &d1 aH J9adT | a&H 8 © fefamragnt
3% IH IS TIT6 YIUI JEMAT IS GETadet Is fEshn I

o g3 gre m3 A fed9e (Diagonal)

o TUOHBIEM gATR 3 25 dE

e fSazA=im3ed

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”.

RS ArEardt € Un gdfant €t fa€ &3 7 fom g9 e 99 394 &R 3997 AT J: “93939H foaHTs &,
g Jefaentt (Vertices) & fear a9 € 793 et J | I€ 3 AT Aree I7 {1 {36 defdent & U a96
e g 36 Ha3T (f30E) T 7993 T | 1§ IS 98 653 § fedH o906 € 7gd3 J | A3 J& 1 Araarat J
89 for £ d= At Baret € gu K9 7| Ba oz fox it ur fder 9 nr3 a Saret Aré 8 Jag feet T |
for »et £ mine I fx o 793 98 503 & 3 a96 B et &dt J, for & Avd Wid-uie Ua mast et
B3 Uit |

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
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from six to five conditions, as one side overlaps.

fefenraet »iAw ST fegat BTt T fegHE J9 AGT J6 s fEg ?° A I6 & ot BIaT § AHIy
fasr & 73t fieet 9| Toifa, AHST T fox v I=at3T oo Tue I f fae € mHgu f3as 936 3 &
I393d < I& | feA AHS &F 293 9393 & AHgUST (Congruence) B! AddT HIST § WSTET &eT 13T
7T ASEr I | © f33e © 936 3 AIsT uie o 8 3 Ud Ifg Aeit 96 fI8fa g gam /st 9et T

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.
719 a9 & ot 3973 @nrar &3 Wiz Araddt % HS™ A% &9 oH adeT J | BF Aeardt a% 24-
4J 39311 & IT7RE ©F ATHH &9 o IHT a7 A f& IHT iue €A § U3 yrs feg ©<dr |

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

quadrilaterals.

YA 5. &R g9 A9 fa Arearat = &g AYT &€ mHgy 939ga= o< At fa &dt 2<dm?

Q6. List the conditions that worked for constructing a unique quadrilateral.

YAS 6. 88T 7a3T € gt 56 AfL e &% fesye 9399 24 fegrre Ifenr

Some standard conditions that will give congruent quadrilaterals are given below for your
reference.
e Three adjacent sides and two included angles within those sides
e Three angles and two included sides within those angles
Some standard conditions that will give congruent quadrilaterals are given below for your
reference.
e Three adjacent sides and two included angles within those sides
Three angles and two included sides within those angles
IS »ITH AIST a3t AHgY 93334 =T Tadihntf, 3773 99 e J& oSt areht 7a:
o T35 5% B I »i3 TIaT © Nied® dE
o 35 3= 3 Qost f[Rgdmit graret
o A Y, IaH 93937 & AHJUST (Congruence) et uid-uie A3t J&" foshit ge:
JAAFF, AAFAF, AFASA, FASAS
o TT IAR NI fed & AHUIT BT HI3T I AAE I6 H I3Ig7 EaAd

N C
JT |
EEEERY D"
In the quadrilaterals ABCD' and ABCD",
{AB) =5, [BC) =6, £AABC =90°,
[AD")=AAD") =4 and (CD")= (CD")=5. B
But ABCD' £ ABCD"
933931 ABCD' and ABCD" {33, Figure T3
(AB) = 5, (BC) = 6, £ABC = 90° Refuting a SSSSA conjecture
(AD')=AAD") = 4 and (CD')= CD")=5 fdsges
: FIFIA MEHS § I FI&T
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Task 7: Some special triangles and quadrilaterals

arad 7. 38 fenm faaE ni3 9398+

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.

AT AHQY f33E »3 AHgY 9393 § I378T e ufdule Asardt € U3T &Irfenr J, ug w8 mirt g5
form f3as »3 I39gr=r § THE 3 W-We Areddt € U™ &I AT # feast & g8 &t saled

N

Jii |

Q1. How many conditions do you need to construct congruent equilateral triangles?

YHS 1. 3976 AHGY (Congruent) AHSH! 133 (Equilateral triangle) =78 &t fdait HI3T T € 7993
J?

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.

fefenradt fog Uz BIr=dr fa s f3ae <t fAge saret AHgY f3de o8 et At J | TS,
T AHgAT fRade T UA Tt Baet 2 o, IHT A9 6 ATeardt € 9J J (3 A= w3 33T) | TR I a7 g9
feog Teey AH fer '3 H9 o6 |

Q2. How many pieces of information do you need to construct congruent squares?

YH® 2. AHgY T99T (Square) S8E &t 3078 fddht Ha3t o= & &3 J?

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
all the 8 conditions (4 sides and 4 angles; all angles are 90°). Do emphasise this while discussing
this task.

fefenraet &g U™ Bar@adr fa fAge foa gam &t saret AHgy <991 § fios &t Tt I | wiAs feg, o
Ffa & fa fog o @991 I i3 o TJar & UTH & St 2 F, IAT AT 8 HU © 9J T3 (4 IAT< wis 4 ST
AY & 90° ) | foR 797 g9 feord seied AN TR '3 59 fe& |

Q3. How many pieces of information do you need to construct congruent rectangles?

YH® 3. 397§ AHGU ME3TaTg (Rectangle) 578E &eT fashit HI3t T € 7gas I?

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.

fefenradt feg u3T Bar8edl & »ifezrarat & HHe feg, 3078 © &7 B Inff gt & ¥aret €f 7ga3
J | TINA®, B 93990 © © % S it et @ SIS € &, IAT AT 8 HU € 99 J (4 AT —
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| festht grmet g9m9 Us; 4 5= — AT & 90° T5) | fom oW T fegrg Teied AN BRI H9 o6 |
Q4. How many pieces of information do you need to construct congruent rhombuses?

YHE 4. 37§ AHGY AHI399H (Rhombus) 5e8z &t fis i wreardt 3 & 83 37

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 all the 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.

fefenradt feg u3T BIr8edl f& AHE39gH © HTHS feg, 3978 f&x g7 »i3 fox d &f Saret v & 7ga3
J | TINA®, AHT3d9d < &7 307 ©F Bamet »is i JE T HU © of AT ATdit 8 RI3T Y 99 T (4
g — ALt 3R 99TE9 U6, 4 dE — &% BT dE YIX 96 M3 feddt o g9y I%) | e
Fir9r g9 fegrg Teted AH fer '3 w9 fel |

Q5. How many pieces of information do you need to construct congruent parallelograms?

YH® 5. AHGU AHT3d 9399+ (Parallelogram) 5e8< %t 3078 fiat Areardt = €t 83 &7

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 all the 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.

AHTS39 9398 © HTHS 39, 3078 ¥ &% Sae grret €t SaEt 3 feg® dF ¥ < 7993 J|
TINAS, fod THTE33 93997 © © &% Bt 3Tt BaTel & o w3 feg® e © &, 3AT A9 8 HU & 9J
J (4 A< — feudi3 3=t 99799 U%; 4 d-fTJUt AT I9THT I8 N3 &% BdIe JE YId I6) | fer Iar
g9 fegg Teieg AX fer '3 99 fe& |

Q6. How many pieces of information do you need to construct congruent trapeziums?

a

YAG 6. IT76 AHIY AHBESHA 93994 (Trapezium) I8 &g foal Aeardt o= & #@g9s 97

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.

AHSETIHS 93999 © HTHS e, 3078 fod JI9-AHTST 37T ©F BITEt, »uTd ©F SaTEr wiz € murat € dat
T HY grdteT 7| 2T afo & fx 939390 B WHSE3Hd 93394 (Trapezium) J, AT fE3t aret Arsardt 3
THY AHT3J UTH T f69HE &9 AGE J.

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
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parallelograms, and parallelograms are special cases of trapezium.

H IAT A9 a9t § fedd Sue J, 3HT Qudl fa AHgY 2991 T fagHTs a9s &t far & mine 39 '3 fAge
fex mI3 & 7993 I, MfE3g (Rectangle) M3 AHY3JSH (Rhombus) & € A3t Irdtemit T,

FHB'3d 93394 (Parallelogram) et f£a 35 I8, ni3 AHSI3H 93994 ®e! 80 979 I& | 7 »iFl o2
F9e If, T »fe3Tg AT AHY3ISH © felH oF I, WiEsTarg A AHY3d9d AHG3d 9339A'< ©
feTH SH I8, ™3 AHG3d 93930 AHSY3HS 9399 © feim am 35 |

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.

fer &g 7¢ 3HT U9 »3 TUJ AUGE I39gAe & f6gHE J9e J, 3076 fesdus e &t Uy
AEIT € 7993 J<diT, A 3& AT Ud HI3T 3 &df udg A |

Task 8: Constructing a pentagon

797 8: UASH (Pentagon) BT fsoH™= a7

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?

YHS 1. g€ A< IAT AQ Aee J & faadhot B3t gy f3det AF AHgY 9393+ & fegHE J9emft I3,
g vyt feg AHSTE fa gy dragaret fo< garete | for &2, 7 AHgY f3as ge8s &t widule 35
et Wdle Ha3t €t farsst off 97

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.
frerzg, fefenrgght T Aoy W3 Jedm, Ueds(EEh) & ¥ J ©F ¥=d1| Iwfa €39 Adt I,
feforrading § o5 FISt 39z w8t ad, 7 fa Bat § feetuz g o 05 |

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?

YHS 2. THUST A9 fd 3T7§ mUE BA3 § St UagH 979 €A J | I8 uie-ule Areardt 979 A9 # 3AT B8R
3 grdr, fam € HeT 3% BRé 8Tt Ungw fhdar fagsT 3073 fevmar feg A/t | 37t 87 g ot Arsardt €<dr?

As in 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.

< fa 93997 © vH® feg AT, Umgmoret © & fedas (Diagonal) d=dT | &R &=t Ua gaet, Ua de 3
Ur feage, g dedt v 2 3 Su Areadt J6 | fefenragntt & Areadt € AR 376 M &gt gt AHT
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fe& | fefenrgghnt € nigHtst § £33 a9 3 fer g9 fegg sefedr a9 fa &g fas an J9dt At &t
I |

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.

79 &9 fx ot IAT 7 Weufe Araardt F8™ @ a3t I, niA® f&g a1 a9<t J | 8F Fexdt &% u-2ud
UrgH ger8T & AMHH 9 7 3HT faar At {1 3AT niuE €73 & QUdas yrs <9 2<d1 |
Q3. Think about why this set of information will lead to congruent or non-congruent pentagons.

YA 3. &R g9 7Y fa Arearat = &g AT f&€ migu UAgH (Pentagons) S&Edr |

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

YA 4. BIaT AI3T & g 578 fHas’ & fessys UAsH (Pentagon) &men |

Some sets of conditions that give congruent pentagons are given below for your reference.
e All 5sides and 2 of the diagonals
e All4sides and 3 included angles

e 4 angles and their included sides

HI3T € IS AYJ 1 AHGY UrgH i 76 3073 9e7s &E1 J6 i3 T 75 |
e HIIM 5 3= M3 2 fexds

e HIM4zA= N3 3TTB AT

o 43T 3 fITHMT 3 gAT=T

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

arad o fex AHGY 987 (Polygon) F=T8E &8 fdir rast SarEaiit

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.

J< 3AT Aree J f& AHY 133, AHgY 93937 M3 AHJY UASH (Pentagon) & a8 &1 fdsit ule Sule
A3t €t 7993 I, »8 wiFt 5T U3 ST fg AHgY 837 (Hexagon) »i3 AHGYU H33H (Heptagon)
Fo58T et fddhr a3t & 7gI3 J |

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

TS MEHS BAG, w3 T3 a2 Framt & Ufentt 3 BRI a9 | »UE nigHst & J&T ArgeT 1 iR Tar &9 |
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Table 1 Conditions required for constructing a congruent polygon

ATSE | AHIY TIFr € 16TH'E BET 7gd! HIFT

Number of sidesin | Name of the polygon Minimum conditions required for
the polygon I3 €T 5TH constructing a congruent polygon
gdgd ohft AT T AHJY gJ3H IS8T &I 7gor
far=st foHE3H FI3T
3 Triangle 3
f3a=
4 Quadrilateral 5
g3dgH
5 Pentagon
UrgH
6 Hexagon
EED)
7 Heptagon
H3gH
8 Octagon
1 ECH

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.
3 fefeantget U3 syfentt & ufentt A9t § YI™ a9 AGE I6 |
I3 fefonrIdt Arast 5% FWIH & &9 Ade J6 | fefonmdnft & Figure 1: Triangulation of

et AHT fe niz feg Arget & y9T ads st Aeat & fdar a9 | . quadr'lftfréls L.
== = 939 1 :93997 3 3o o @5

Proving our Conjectures

H'S MgH™aT § ATeS X967

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

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

See Figure 1.

(Here we have drawn two different types of quadrilaterals).

g 7AEE I it f£g &< ATg3 9 Ao I X {303 wigh™s Adt 96 W3 faa3 %3 75 |
EESECRLACH

93931 © nied f&a feade (Diagonal) 578, 7 fa &ré © f3de ffg ¥ ©<aft |

CC BY-SA 4.0 International, HBCSE. July, 2023 132




fefomirs Y=g fusret fearet LU 8.14. ot AS it gga<t AHY 77
o391 24|

(fe8 it © Su-Y faAHT € 93J9gd 95 J5 |)

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.

AT 9% I {5 99 93937 § for 3dta a7 © f3der feg Sfenr am Aaer 7 | wirt Aree 9t fa avgy f3ae
Fo8T BET AT el {35 Hast E Agas 7|

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 overlaps, we need only two conditions to construct a
triangle congruent to the second triangle. These can be, for example, one side and the angle it
makes with the adjacent side of the quadrilateral. Alternatively, one can also give two angles.

for wet fom Afast i, ufos f33e § o8 &t Aé o WS-ile Aozt of &3 1 | TAst f3ae ot & ig
s Wil A3t 9t 3 udh, ug fxBfx B o At 3, v f3a= 2 Mgy f3ae so8e &2t irg fige @
AI3T € &3 J | f£T HI3T, Bedds @1, £ AT i3 I 3T 7 93997 © 3% &dIe UTH 2 &'% ga'8<T J, A
T AT T I RIS T3 |

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.

fer 979 AgE v £ 99 3t 9, fod @79 A< wirl ufg® f3dE &t 793T 31 99 & Jf, 9393 © 135
J=fHE (Vertex) forfo3 I AT T5 | f£r Bt gdl © defde € &21,8 A3t (e fa Budas Beads f<9)
et I6 | A et fog Un AI3T £ 93997 fogHe &t 31et ATaddl @0 We-We AI3T Is |

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

&g femyus 9393 fogHs et uid-uie 7a3t & Arst AHS St yrdt S a9er 7|
What will happen if we do the same for a pentagon?
H AT U3+ (Pentagon) et & mifdT a9 It 3T ot d<ar?

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.

g f&a Ursd gTreie »iz T fa Ursd § u-ue fedas g o o f3de
feg 2fsnr a7 AoeT I | At fI939 2 3 ue of fa < feags figs & Uasa §
35 f3oer feg S AT AET I |

For the first triangle we need three conditions, for the second triangle we

Figure 2

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

yfgs f3ds et Aré 35 Ha3t € 7993 J, eAd f3de et & Ag J9 f3s mast & Agez J, ug ex uAr
ATST I& J9d ATg BF f3ae T3 fAge © Ha3t & Aga3 7| for 39007 A9 f3de &t &, A € 99 mast
S Agaz J|
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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).

fer 390 3AT U Aaw J fa A &t IAT 9t f3dE 796 3 3978 © HIST Agei Usditt | for wet, o
fesus UAgn 98T &t Agdt We-wie A3, A3 I5(3+2+2) |

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

g, »iFT 831 (Hexagon), 33+ (Heptagon) ™3 »agH (Octagon) BT & 7Ta6 € AT HH A1 |

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

2. fex 237 & fdd f3der feg 2fsnr 7 Ao J2@e 94 fa fig
e fexgst & farest uid-ue Jat gratet 9 1)

Figure 3
3. What is the minimum number of conditions needed to construct unique hexagons?

3. fewuz ggn g=r8s &t fash uieufe A3t & Agaz I 2
4. Why?
4.13§?

5. How many triangles can a heptagon be split into?

5. fea #3397 & i f3der feg Efsnr 7 AaeT 97

6. What is the minimum number of conditions needed to construct

unique heptagon?

6. femys 3z FT8z ®Tr Wlue fddht mast & FAgIz I? Figure 4
7. Why?
7. fag?

8. How many triangles can an octagon be split into?

8. niagn & faait f3ast feg fnr A AaeT 97

9. What is the minimum number of conditions needed to
Figure 5 construct congruent octagon?
9. AHgU iagH © foaHTs g9 Bet wid-ule fddht Fast & 7gas I?

10. Why?
10. fa&?

| It is interesting to see what is the minimum information needed to construct a unique polygon.

CC BY-SA 4.0 International, HBCSE. July, 2023 134



fefomirs Y=g fusret fearet LU 8.14. ot ArSit aggr=’ AHGY J&?

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 - 2) + 3 = 2n - 3 conditions. But 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.

feg Tuzr fewgny I fg feduz gggm g8 &t of Wd-ue Aaardt ©f Agas I | W n gaet T
I3 &% HgnT3 FJ1e | Ufa® 35 defig 8T &, Aé 35 Hazt grdiehtt I8 | I9d n-3 gdt ae
g &g, Arg Wlle € A3t & Ag93 7| for &L Aé Widule 2(n-2)+3=2n-3 AI3T & AgI3 I | U
9997 & n-2 f3de feg ¥ @@t ugfafonr Ad ©ret J fg 2n-3 A3t fedus gy o8 &t aret
T5 | BF &2t foyus gggn ge8e %ot Wd-ule I3t & farsst 2n-3 3 |

Suggested readings
1. Simple argument about the number of minimum conditions needed to construct congruent

polygons
https://www.mathopenref.com/congruentpolygonstests.html
2. Asimulation to check congruent polygons by super-positioning
https://www.mathopenref.com/congruentpolygons.html
3. Interesting examples of congruence
https://www.andrews.edu/~calkins/math/webtexts/geom07.htm
4. 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
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