fefomrs Y=t frusret fearet

LU 8.14. &t 3u &t ggga=t (Polygons) AHY 357

LU 8.14. Is Your Polygon the Same as Mine?

Introduction

HE-ys'E

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.

St 3t ae Afgnr I fa 3t fam § € 3 f3d<e (Triangle) T 295 fag aadr, 7 3973 farmar feg 97 3t ot
FJIr ot IHT garer (urfifh) 77 g 27 fadg I391? »13 ot BH fanadt § 8t »irarg fhdar fagsT 393 Ha
g i fem 3 femgrer, 3t fog wWé-dwic Areardt © & fa< 99 Aae 97 »id wiHl 33 Sugas &t uzss, fadtus,
w3 fegst fadtuet &t Inela a9 77 feda €7 436 J9d yre' @ A<y o o Affm a9

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

scissors.
YT s, UaHS, 993, UId9-9dHT (UFATd, He-29dT, Joded M3 UHTET), Jdt|

Task 1: Drawing your triangle

RrIH 1. MUET f3&E (Triangle) F= Q=T

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.

YA 1. I9 € o3t et v Hie 3 miust uATE T 30 5278 | 3o © 3= »iz def § HU i3 f3ae
T =i (Vertex) § 3B 39 |

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

YH® 2. MUS BA3T enraT 9372 3o § 2 | o fesgmy ang nifent? 8 ot 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 orare 3 3AT f30 gt T 8RE He™s o J4, »iFt for sttt ©97s amfe feg garar for @& nieidr |
Task 2a: Constructing a triangle when only one side is given

a9r 2 € f3dz g ae aes Fasa fFft R
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 g6, et ffx 3am &t savet 6 Hehited d< | defdentt (Vertices) § 9% 9 |
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Now study the triangle drawn by your partner.

TE MIUT TAS ©gT g2 3aE e A9 &9

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

YHS 1. & 3973 2 eff f3det AHTS 767

Q2. How did you compare these two triangles?

YHS 2. IAT &< 33 € 385" fa dist?

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. 3978 o< § 30 g8z wet faor /Y, fanet f8x g7 & Saret 6 #Achies I of &< &hif f3ast
AHTS 962 nifrar g

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

&9 21 f3dE e @A Qe B d=z fifzr 3=
Draw a triangle on the given paper where one of the angles measures 55°. Name your triangle.
€3 aam 3 €a f3as ge@ fareT ffx de 55° 9= | f3as d aH fel |

Now study the triangle drawn by your partner.

I MUE A3 gnfigT ge7e 3o e Al &9 |
Q1. Is your triangle the same as your partner’s?

YA 1. & 3073 22 Enff f3de AnTs 957

Q2. How did you compare these two triangles?

YHS 2. 3AT &t f3det & 385" fas di=t?

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

YHS 3. 3074 € & 130T 98T &t fqar /Y, fareT €& & 55° I< | off g &t f3der AHTS I? wifdar
fx€?

Task 3: Constructing a triangle when two measures are given
aod 3 feaz gz @z ae e vy i3 9=

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

iy fEg f3s Hadht 578 | I A 37 33 88 fefonradnt it vizshnt 958 | s &, b, TaH &
feg |

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
Haot & f3dE 978 farett gamet 7 #HHt. »i3 5 . 3T | f3ae € defdenT (Vertices) 3 9% 99 |

Ha b f3as g8 faret 8 g7 6 HHt. w3 3 55° 92 | f3as € aefienT & $9% a9 |

Ha3&t a1 f3aE 978 fAT © d& 50° 3 75° 9% | 30T © defbent & 398 JJ |

Now study the triangle drawn by your partner.

IS MIUE THS ©nfidT 978 3aE e A9 &9 |

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

YHS 1. & 3973 €< €nff f3det AHTS 757

Q2. How did you compare these two triangles?

YHS 2. AT 26 33 € 386" fa di=h?

Groups A, Band C:
H3SI I, ym3ar
Q3. Did each of you get exactly the same triangles as the members in your group ? Why

A& 3. o 38T HIH © Hedt © f3dE AnTs 767 fa@?

Task 4: Constructing a triangle when three measures are given
raH 4. fedz gx@ezr ad sy 3 3=

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 ZACB = 45°,
Group B1: Draw a triangle JK such that £IJK =40°, £]JKI =65°, and £IKJ = 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 £ZGEF = 90°

Group C2: Draw a triangle PQR such that PQ =5 cm, £ZPQR =50° and QR =4 cm.
HS®I & 1: f3aE udr 576 faAeT, 0 = 4 H.HY, "ar = 6 HHT, »i3 a1 = 7 A
V38 % 2: f3dE geq 978 fAAeT, 92 = 5 A.HY, 27 = 6 F.HT., »i3 £ gdg = 450,
W3 Y 1; 33 3ue 976 fAareT, £389= 40°, £8T3 = 65°, ni3 £¥35 = 75°,
H3% ¥ 2: {33 Aew 978 faAeT, LWAS = 50°, AS = 3 H.HY., w3 LATH = 65°.
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H3& a1 1: T30 uey 978 fHAeT, ug = 7 H.HT, €9 = 9 HHt, w3 £3ue = 90%
HS& a1 2: 35 930 9578 fAReT, 93 = 5 HHt, 4933 = 50°, i3 33 = 4 AT,

Now study the triangle drawn by your partner.
TE MIUT TAS ©dT ga7e f3aE S 79 &9 |
Q1. Isyour triangle the same as your partner’s?

YHS 1. & 3973 2 eff f3det AHTS 367

Q2. How did you compare these two triangles?
YHS 2. 3AT &< f3de € 3%6" fa= ai3h?

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

raH 5. fovawr f3adT g=r@= &8t fora3 mast

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 97T J & 3037 SA3/AET fasg® BF f3de € fogHe a9 < & 3At a9q 1 feg
gerfent H, 3t 3978 foHa3H ot Areardt 2t u=dit f& 8T <t 8 frdt f3dz e fsgnre ag?

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 ot Areardt €7 U™ ANT & J AdET J7 AedTat ©
MAT U-9 ATt T fride 96 & afFr a9 |

Task 6: Constructing a quadrilateral

&9 6. f8a ¥393H (Quadrilateral) g=€=r
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?
YA 1 8. gE A¢ wirt AHgY f3ae g8 fify a1 of, 98 g€ AHgY 8393+ g8 fiue of | A9 AHgY

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

YA 1. J& 397% 93997 78St J faret 39« 37 3 ALME. T | IfFm ad s fedus 93997 97 Ao
Jgeg | fosar Syt s 3 9@ |

Q2. Did you or your partner get different quadrilaterals for Q1b?
YHS 2. Jt IS ™3 3973 ATET @ATgT gETEt 933597 WidkdT I57?

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

A& 3. vad fAge gamet v vy 837 32, ot feg Age J fa widar 9393+ fHesaini? 3At fae usT o9 Ao
J?

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 378 mUE TA3 § WMUST 9399 979 TR J | gT Wié-ile Araardt 979 A o IAT
8F & 3441, far €t Hew a7 8RS 8dt g39gH fHaar faosT 3ums fonmar &9 A | 3AT 83 o Arsarst

SN e N

d<dl?

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.

79 a9 & ot 3973 nrar 3T Wiz AraaTdt % HS™ niA% &9 odH adeT J | BF Aeardt a% 24-
J4J I3I97 & 98T ©f JfHH IJ 7 IAT faram At f 3AT iU 873 § Budas yrs g 24 |

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

YA 5. &R gd A9 fa Arearat = &g AYT a8 AHgY g393= ©<dr AT fag adt €<ar?

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

YA® 6. 83T 73T & 5e1 96 st o5 fegue 9398+ = fagnTe Jfenr|

Task 7: Some special triangles and quadrilaterals
arad 7. I3 fenm f3aE ni3 9393d

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
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minimum information we need to construct these.
WAt AHgY f3dE »3 AHgY 93937 § I578% et wid-ufe Fraardt B U3t SarfenT J, ug v wirt g3
fonm f3de 3 I393mTe’ § U w3 uIE-ile ATt B UST &4 AAle H Egst & 98T st &3iet J |

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

YHS 1. 307§ AHGY (Congruent) AHZHT {33 (Equilateral triangle) 98T &t fdamit HI3t v € 793
J?

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

YH® 2. AHY T9dT (Square) IS8T et 3078 fddt Ha3t 2= & &3 37

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

YH& 3. 3T78 AHGU MfE3T1g (Rectangle) IS8T ®et foamit A3t T ©F 7993 97

Q4. How many pieces of information do you need to construct congruent rhombuses?

YH& 4. 3I78 AHGY AHY338H (Rhombus) g8 B¢t faat areardt 2 & 83 97

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

YH& 5. AHGY AHTG3d 93994 (Parallelogram) g8 B¢t 3074 fdat reardt T & 83 77

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

a

YRS 6. IT76 AHIY AHBESHE 3994 (Trapezium) I8 &t foal aAsardt o &t #wgas I?

Task 8: Constructing a pentagon

&9 8: UA3H (Pentagon) BT fsan= a3aT

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?

YA 1. g€ A< 3HT A9 Aee J & faadnt mast mHgy f3as A AHgy 9393+ € fogHs aaemi 73,
g vyt feg AHSTE fa migu dragaret fa< gareie | fer &2, 7 AHgY f3as 78T &2t widue 35
e Wz Ha3t €t farsst ot 97

Q2. Imagine that you have to write to your friend about a pentagon. Now think of the minimum
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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?

YA® 2. THUST A9 fS 3T78 »iuE TA3 & winust UrgH g9 TR J | g ui-ufe Areardt 979 A ° 3AT 8/
& 3nidl, A € Hee &% §Ag 8t Unsd tHaar fagsT 3973 fermar feg HY | 3T 8RS o Areadt £<d1?

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.

g &9 fa ot 3AT 7 Weule Fraardt FS™ @ fE3t I, niA® f&g a1 a9<t I | 81 Aexat &% S8-2ud
Urgr ger8T & AMHA 9 7 3AT fagr A & 3AT niu €A & Sudas yis R g4 |
Q3. Think about why this set of information will lead to congruent or non-congruent pentagons.

YA 3. &R g9 7Y fa Areardt = &g Ayg &€ AHgu UrAgHT (Pentagons) ST |

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

UG 4. 8IaT HI3T & gt 5378 st & fessus UAsH (Pentagon) &men |

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

arad o: fea AHgY g3H (Polygon) g=8E %8l fdahr rast Sarzaitnrt

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.

Je 3T Aree J f& AHQY 33, AHgU 93937 W3 AHJY UASH (Pentagon) & ga78E &t fdatt ule Sufe
AI3T & 7993 I, »B wirt 7 Uz3™® IIT fx AHgY 837 (Hexagon) »3 AHGY H33H (Heptagon)
To8F BET fash ra3t St Agaz J |

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

TS WEHS HIMG, N3 T3 e Famt & Ufentt I BRI JT | mUE nigHsT § Jot Argel 1 fRg E9d &9 |

Table 1 Conditions required for constructing a congruent polygon

A 1 AHIY 997 € [59H'E BT AT HIST
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Number of sides in | Name of the polygon Minimum conditions required for
the polygon gJdga &7 &'H constructing a congruent polygon
g et grTEt ©F AHJY 999 9S8 BTl "gdr
far=st fSHS3IH FI3T
3 Triangle 3
[ECtS)
4 Quadrilateral 5
EESELE
5 Pentagon
UrgH
6 Hexagon
7 Heptagon
H3gH
8 Octagon
negH

Proving our Conjectures
A'S MgH'ST § ATES J967 | '
Let us find out how can we prove which guesses are right and

which ones are wrong.
Draw a quadrilateral.

Figure 1: Triangulation of

quadrilaterals
Draw a diagonal inside the quadrilateral so that it splits into  figzg 1 53997 & fyaz fog 5

two triangles.
See Figure 1.

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

WS ATEte X niFt &g fa” ATgS &9 Age I f& {03 nighs ATt T8 v fSa3 T3 95 |

EESECRELACH

I393H © niTd fex fedde (Diagonal) =78, 7 fa f&Ag < f3ae f[T9 €5 &=<dt |

IGESRIECH

(fe8 niAt & Y-y faAHT € 93930 g2 T5 |)

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 2u% 97 {5 99 93997 § for 3t 7% © f3de ffg Efenr a7 AT I | wirt Aree of fa gy f3as
To&8T e ATG ue-ile {35 Aast S 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
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makes with the adjacent side of the quadrilateral. Alternatively, one can also give two angles.

for wet fom Afast e, ufos f33e & gorte oot Aé fis widle Host of &3 /| Tt f3ae ot &1 Arg
S5 Wl A3t & 3 udh, ug fxlfx B o RISt 3, v f3a= @ migy f3az 5e8z &¢t 1§ fige @
HI3T St &3 J | g HI3T, Bergds @, £ A" i3 B 3 7 93997 € 7% &die UTH € &% ge8er J, A7
T JE T I ASE T I3 |

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.

£/ 99 AT T £ 39 39197 J, B @79 7 »iAT ufas f3aE &S 7937 3 a9 & If, g393d © 36
J=fag (Vertex) forfaz J AT I | fen &t &t © defdg © &8 HI3t (M fx Buads Berads <9)
et I& | foA %ot fog Ua Aa3t o 939397 fogHE »et &3t Aredrar @ ue-Ue HIsT 76 |

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

o femys 93997 fagHe %ot We-ule HI3T € ATst AN & yAST St a9eT J |
What will happen if we do the same for a pentagon?
T AT UA3H (Pentagon) et I wifadT a9e IF 3T &t d<arm?

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 fea Ursd gareie mis e fa Unsn § ud-ue feggs g & fda f3ae
feg <fenr 77 Ao 7| vt f939 2 3 2w T fx © feags fifgs o Uasa &
3 f3az feg S AT AaeT T |

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

Figure 2

triangle, we need two more conditions.

ufgs f3as =t A 35 most & Ag9s J, THY f3de et & Ag 99 f3s mast & 7993 J, us fex umAr
ATST JT &9 ATg 8F f3aE oA3 fAde € A3t € 7993 | fom 390t 31A9 f3de et &, A © J9 mast
T AgIS I |

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).

for 3390t 3AT Y Aae J fa 7 & 3AT St f3dE 736 3 3978 © AT Azamf Usdi | for wEt, e
fegys Jagn g=78T e Agdt WE-Ule HI3t, A3 I6(3+2+2) |

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

g, »iFT 239 (Hexagon), 33+ (Heptagon) ™3 &g (Octagon) BT & 7ATas & afHH A1 |
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2. How many triangles can a hexagon be split into?
(Remember that the number of diagonals drawn must be a
minimum.)

2. & 237 & fdd f3der feg 2 7 Ager J2@e Ju fa fig
e feqast €t forest we-ue 3&t grdiet I 1)

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

3. fewuz 237 a8z wet fashit wid-ufe Ha3T S Agaz I 7
4. Why?
4. fag?

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

5. e 337 § T f3de feg e 7 Aaer 97

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

unique heptagon?

6. femuz w3z T8z ®Er Wle fddnt mast & Agds I? Figure 4
7. Why?
7. fag?

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

8. niagH § faamit f3det feg Sfsnr 7 AgeT 32

9. What is the minimum number of conditions needed to

Figure 5 construct congruent octagon?
9. AHGU WiagH © faaHTs ags et wid-ue fashit rast & Aga3 97

10. Why?
10. fag?
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