Vigyan Pratibha Learning Unit Is your polygon same as mine?

LU 8.14 Is your polygon the same as mine?

gt 3nfor Arsht agYSiTehdl ThaRE T 3R B1?

Introduction

M

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.

TR BITaR IS el eIl el 1o DI auie & BRI, ATl R Bl besl 3T
B1? I B FRSH? Tl AI5aees TS Bl DIFEEs AT ? M1 Jaear FHed STt 3l AT,
3TET TR 3P <l KT BTG b HI? (IR, BHITDH! Al TR & Jol DY B bl ? 315
3ITI0T AT FRAT I Blel I&Texvl ATeH, FRIeT0 e 371for <ff FRieror ysdie fhar Qi FRTeRom
B FMYUIR 3BT,

Materials: Blank sheets, pencil, erasers, Geometry boxes (Geometry compass, set-squares,
protractor, and scale), scissors.

AR: oR rE, IRe, @R, HI™ 1) (YR U, U (FHGBIHETYT), BIHTS AT

AISTIET), BTl

Task 1: Drawing your triangle
it 1: T SMasTal v Hrevr
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.
A2 18 J¥elddl [T BT BITETEAR JdHl Mgl e drer. e Sl T8 B JroT 31T

Freptomrear RRIfIEAT 1 =,

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

2 2: 3T, AT Ao Bracses Freivl Ugl. T JeTel HTe! dies favies B1? o 61 318 ?

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

T ST BITETER b0 BTGyl ATE, 11 BTG HIC SYH SdT; ok IT Pl AT J8T JUTR JATE I,

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

Pl 2: el T ATY faes Iraar Hrapiom= 321 w101

Task 2a: Constructing a triangle when only one side is given
il 2 37: B Teb 1] fardft srat Prep1omr=ht <=1 Hvon

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.

faosedT BI=IT BITGTIR e AT DIV BIGT BT ST Uab IToal Bidl 6 HHI. 3fTe. Frepromean BRI
ATd 1. 31T, SARTT BleS T I IoTT 1T 6.
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Q1. Is your triangle the same as others?

T3 1: JFel BTG e I0T JATOT SaRIHT DI cses (e 01 AR 3fTad Bl ?

Q2. How did you compare these two triangles?

T3 2: 1 AT QI DTN o1 hall hosl ?

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?

W2 3: Rl ST A Rrsdaior, SraiTe! 31 Frehior dierdest Wilfides 8id, Sl U d1o] 6 . 3R,
T BIGeses BT YA JATad B ? AT BT ?

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

Pelt 2 §: BRI U I ST ST PRI T2 B0l

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

faosedT BI=IT BITGTIR e AT FIDIVN BIRT DI ST U] BI-T AT 55° T8, Frepromar BRifdgm ard

1. JATAT SART BISS AT b1 UgT.
Q1. Is your triangle the same as others?

T3 1: ] BIG AT HT0T T SR BTgeses FHIhIv ARET 3Ted &7

Q2. How did you compare these two triangles?

T3 2: el AT QI HDIUTHE B2l 51 Dbl ?

Q3. You and your friend, both were given one angle of 55°. Did you both get exactly the same
triangles? Why?
T2 3: el M1 A =i, I o U e 07 deraest WiRiaaT 81T, a1 e omar U &I 55°

3. T ST FTEesed B0 ThaAREd 3Mad &172 M H1?

Task 3: Constructing a triangle when two measures are given
Helt 3: T 9 ST 3raat o a1 Ho1

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.

SITATARAI < ¥TC a1, AR 3 AR O JHeAT TSETS] qHATd i1 JH=T T &1, I7 IS A, B
317 C 3721t =17a .

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

TS A: 31T 3101 HTa] ST a1y 7 I, 37107 5 AT, 3ired. FRrepromear RRIfegT =7d =1

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

T1C B: 3T 10T H1aT ST Ueh a5 6 HHT. 3101 Ueh b1+ 55° 3MTe. Fpivmr=ar RBRIfdST =rd =,

Group C: Draw a triangle whose two angles are 50° and 75°. Label the vertices of your triangle

TTC C: 31T 107 HIT SUTAT &I DI AT 50° JATOT 75° 3172, Hrepiomr=ar RBRifdgr =rd =m.

Now study the triangle drawn by your group members.

3T, TN ICTITe SaRI BISesedT e O 3TRITH BRI,
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Q1. Are all triangles in your group the same?

T2 1: AT ICTde Jad IbIv AR 3ed $17?

Q2. How did you compare these two triangles?

U3 2: AT QB! (HBIUTHE 51 Jral B2l hodl ?

Groups A, B and C:
Q3. Did each of you get exactly the same triangles as the members in your group? Why?
TS A, B 3T C:

U3 3. JHTID! TABTAT JHAT T AERINRET 2107 fHesTes AT 1?2 S0 BT 7

Task 4: Constructing a triangle when three measures are given
it 4: < A1 el s o= =@ SO

Your class is already divided into 3 groups. Now divide each group into 2 sub-groups. A1 & A2, B1
& B2 and C1 & C2.

AT o AT A ST [THITS 51 T8, M1 T e ST G149 W (F8UTS &IF SUIIC) T A1 AT A2,
B1 311071 B2 311f0T1 C1 317foT C2.

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

e A1: TBIUT XYZ AT BIET Bl XY = 4 JHY., YZ = 6 FHI., 3fOT Xz = 7 I+,

Group A2: Draw a triangle ABC such that, AB = 4 cm, AC = 3 cm, and 2~ ABC = 45°,
e A2: TIPI0T ABC 3T BTGT BT AB = 4 HHI., AC = 3 JHT., 31foT . ABC = 45°.

Group B1: Draw a triangle 1)K such that ~1JK = 40°, ~JKI = 65°, and ~KlJ = 75°.
TTE B1: P07 1JK 3T BI&T D . IJK =40° . JKI = 65°, 3T, KIJ = 75°.

Group B2: Draw a triangle STU such that -~ UST = 50°, ST =3 cm, and »~STU = 65°.
e B2: FIUT STU 3T ®IT BT, UST =50°, ST = 3 JHI. 30T . STU = 65°.

Group C1: Draw a triangle EFG such that EF = 7 cm, FG = 9 cm, and -~ GEF = 90°.
e C1: F3PI0T EFG o191 BIGT B EF = 7 FHI., FG = 9 [T, oMfdT . GEF =90°.

Group C2: Draw a triangle PQR such that PQ = 5 cm, ~PQR = 50°, and QR =4 cm.
T C2: FIHIU1 PQR 31T BT&T I PQ = 5 AHI., . PQR = 50°, 3MMUT QR = 4 ¥

Now study the triangle drawn by your group members.

3T, AT TCRITG SaRiH1 BTGSeI e T0TIaT J%ATH BRI

Q1. Are all triangles in your group the same?

U3 1: JAT TICTd BIGores Aad (Db Iv ARET e b7

Q2. How did you compare these two triangles?

T2 2: Rl AT QI DTN o1 hall hosl ?
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Task 5: Minimum conditions for the construction of a unique triangle
Hell 5: THAG DIV ToHT HRUATS! fhAH ot

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?

U39 1: Pell 1 7 1 Sl DIV BIEHT 312, INTaT q¥Td FHbIvT SR BIerdl, I JFelal da1ed e,
TR BHITDHH! DI AT JHTAT el BT ?

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.

U3 2: BIgd DIV HIGUITATS] BT HIoTH HfEdl <l Iger ? IETEd YN SN, 33T I Hfe<i =

S DRUYM] I pNI.

Task 6: Constructing a quadrilateral
Pl 6: AIBITHT TTT B0

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?

T3 1 31, 3T BT U=y (e I0] Bl Bl o ATRId 310 318, T3] ¥, Uhay dldlT By BIedld o
U1, SR Yy AP0 HIGUIARITST HHIT Bl I AT SN Jeie, TR They Al HISUaATAIS!
et 3 ST S ?

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.

T2 1 9. 37T fSoseT Dl =Tl 9d qIoal Sidl 3 WHI. e, TR Jrel iTaiTed] JhRd fdbdll Al $ig
3Tl AT e 1. feesed] BI=IT BRIGTER AT TP DIal.

Q2. Did you or your friend get different quadrllaterals for le?
21 2. U 1 d HE, J¥eldll GEL gH=I iﬁaﬁ SOTTHT IIdTes ATehI fHosTes D7

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

72 3. SR $a AR 919 [Gored] AT TR JBTAT A6 <l Al TeHId e 3118 17 BT 5
NE NI
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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?

T3 4. 3120 BT BRI DI JFRTA] TR AIDIEE SAR BRI ATe. M1 AT HATT Sl Al
312, TTE] T @l JeaT A= drerar st gl HHIdwH! IV Aifed! JTedre, Iral f[aar
P,

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.

TR Gadesos! HHIADHH! AR WRIERE BT DR BI, B AU a1 T2, Jral gl faasiofien sit
‘:IT%T‘ﬁ QUIN 3TaTd, ATdX 3T NGERCHES t{\Ian"I DI U] YU dhNT.
Q5. Think about why this set of information will lead to congruent or non-congruent quadrilaterals.

T2 5. ST A1 Yhay 31¥Tesel fehdl Uy T eres diehiel T fHesclies, AT fadR .

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

U3 6. UhHT A1 HIeUITIIS ST Sccs, 33T STl AT .

Task 7: Some special triangles and quadrilaterals
Fell 7: BIEL @ Frep1or S7fdT i

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.

Ty FehI0T JATFOT Yehvay <1<l HIGUATHTS! IV BHITDH! ATl ATIZD <, o AT ITfed. U
ST 3ATYVT HTE! W F2eToT 107 < TehI Tg STO7 Tt a1 HRUGTATS] BIVIT o IdDhH! ATl ez
3T, o UTE.

Q1. Which minimum conditions do you need to construct congruent equilateral triangles?

3T 1. Gebay FHYST [2eh 10T BIGUIATRATS] JreTesT D0 U I TSN TRST 3R 2

Q2. Which minimum conditions do you need to construct congruent squares?

U3 2. YhaU YR HIGUITATS] TFBTAT AT bIvTci HTfeel STl ?

Q3. Which minimum conditions do you need to construct congruent rectangles?
3 3. TehaU ST B UATATS! JraTerl DHIThH! bIvTCH HIfeell c3TiTes ?
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Q4. Which minimum conditions do you need to construct congruent rhombuses?

U3 4. UehRad FHYST A1 BIGUITATS] TFBTAT I H! bIuTci Al SHTe ?

Q5. Which minimum conditions do you need to construct congruent parallelograms?
U3 5. YhRaq FHIARYST AlhI BIGUATHIS! JFBTH] HHITDHH! BIUT ATl BT 2

Q6. Which minimum conditions do you need to construct congruent trapeziums?
U3 6. Yy AHGHd dIhI HISUITATS! Rl BHIqhH! DIV HIS B ?

Task 8: Constructing a pentagon

Hell 8: TADBIA PHIGUI

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?

T3 1. 3T JFETAT Y=y e 107 fhdl Teh=ad FlehI= BHIVIh 0T T ITAR HISdT I, & FHOIS 3T, TS|
TR, A DI BIGA. SR THEy b0 BIGUIRTST HHITHH! TSIl HT T 314 30T Teh=ay
ATh I BIGUITATST HHITHH! JISTIT T=T UTd 5, AX ThwY G- BhIQUIATITST HHITRHT TSl A=l
fepell 3RIe3, 31 RRTAT ared ?

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?

T2 2. 3720 Bl BRI B AT daIEEd AR e, JAe1 A1 Sl GgdI T8 3Ta! aard
Gereh 1< 11 DIl ATal, YIS ! DIVIDIVI Al UTSares ?

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.

T Gaaorss! Afe TieTd SUIRT IS B1, d TUTHI. RIS YT Jral Sif Al FRT0R ST, JTaR
JATTRT T G- BIGUIT YT B

Q3. Think about why this set of information will lead to congruent or non-congruent pentagons.
YA 3. T ‘-III%CI‘\I’;NN Udh oy fohar Uh U dH o) Udch I T TIN 8IS Ahdid, JdIdx IR .
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Q4. List the conditions that worked for making a unique pentagon.

U3 4. UhHJ GBI HIGUITATST BIUTHIUTT 1T STINT ST, T ITST .

Task 9: Finding the number of conditions to construct a congruent polygon
Pelt 9: THeY TPl HISTATATS! BRIV STl fhAT et 2neo
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.

3T JFBTAT Uy [ehI0T, Uehay dlehI 3101 Yeh=ad Yeieh|< BIGUITATS] 3T eh e 3Tl TRl
AT ST JMME. TAT dx, 3T ThH<ay b I Thvay AhIH BIevIrre! fhdl el S, o
qrgar.

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

hTET JSTST BRI ATV fEeredT BITETaR IET BT, JHT SQTSITETed Tl 1 4L Hifgl fexa.

Number of sides in th Minimum conditions required for
umber °| sides In the Name of the polygon constructing a congruent polygon
polygon = T Tq Uehay TSIl BISUIATATS] JATT2h
ERE SIEISIGEIS CIEECH) \ i
Tri I
3 riangle 3
Quadrilateral
4 Eicas
Pentagon
> CEEaE]
Hexagon
6 YehIA
Heptagon
v KISER]
Octagon
8 DI

Table 1 Minimum conditions required for constructing a congruent polygon

T 1 Uhay JgYoiighcd] BIGUITATS] ITO=T hHlcTnH1 3t

Proving our Conjectures
M| A Rig o1
Let us find out how we can prove which guesses are right and which ones are wrong.

AT, AT DIV STTAT SRIGR AT STOT BV Feb il e, of AU B g B 2reball, o IIEAT.

Draw a quadrilateral.

T dlhI- BIal.

Draw a diagonal inside the quadrilateral so that it splits into two triangles. See Figure 1.
T ATD T 3T Uh DT BIQT Dl Al T QI DI IA1e3. 3Tl 19l

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

(A, AT T AT FHR DI BISes 3Mad).
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Figure 1: Triangulatipn of quadrilaterals
3]7?5?"7 1
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.

YT UTfges Bt UAD ATbI- AT HBR G B IoriHe fqurTar Jdl. IS eadies HTeld 38 &I ThHd
AT PRI BIGTITTST SMIATAT HHITRH! I T JTTZTD IRAAT.

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.

U, Ufe T P01 BIrevarard! suedTeasl i 1! ATa3dd ATed. Ja<dl B IvTTS! SMISITAT 315 I
3T BN, TR TN Yeb I15], AFHTS D AT ST DIV Thsad D101 BIevdRT AIATAT
He QI $aR 3TCT BITTe. AT AT IS 1) Teb 15, ATOT 2) AT AT Al -] BN besesl DI, T
T SIS, AT DIVIE! I DI I3 bl

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.

T TS fIaR BRAT Ige3, 1 TSl Uhal ATV Ufges] FHepTor iR a3t 1 1 diebi=rd ol RRIfdg,
2 g1, = SRoval RRIfAg M3 ervarardl, a9 et (akie S8R FiRIdeaTy o) gRaM

Siled. U4 1 ThHT Urr 31 NCIE AT ITT HRUITATS UNRAT 3T

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

U BTN VITAIS ] BTN B4 ACIIEerd MUy JATh e aRIaR SR,

What will happen if we do the same for a pentagon?

YY1 1 Ugd GdPH MTATS] aTURS ! IR BT Bl ?

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.

5T Yeb GDIT Dlg AT BT YerehI= HHI B! Bl Dlg fbell HebIvnd [GHRTAT Tge3, o UG, MMl 2
UBT. AT MBI BT IS DI QI BVl blaes AT, GBI < e Iomd fawmrar I,
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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.

Ui FrepIomardt SucaTest i SISt SIITes, ST e vTATST SUedTel TS i+ T BT, U
Teh 1] AMISD I IMITS] B QI TSI ST, T =T FBIUATST STaedrest 35 &I
SEECINNICE

Figure 2: Triangulation of pentagon 3ﬂ§7_cﬂ2: GBI AabIvfiavr

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).

UhHT 3T G- HIGUATATST HHITDHI AT (3 + 2 + 2) 3T 3T eh AT,

Let us try to figure this out for hexagons, heptagons, and octagons.
AT TR AT NCHI, TR ST0T DI ATATATS! [HHTT AT fdhell SIATeS, o UTE.

Figure 3: Triangulate the hexagon Figure 3: §C BT (BB BT

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

UETGT Ye i [l FIBIvd faUNTar Ase? (S&rd Sdl, dlecied] HUMdl Al HHIdHH! AT 8dl)

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

UhHT 3T Y1+ BISUITITS! AT fhdl 31T MTazddh I ? IO H17?

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

TS ATh A foheh FIdTond faumTar e, 31 ? T &1?
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ANEaY

Figure 4: Triangulate the heptagon Figure 4: TCTBIT (BB BT

4. What is the minimum number of conditions needed to construct unique heptagon? Why?
Uh HJ AT &I D[ HTGUITATS! foh AT fehelt 31T a2 D II_AAT ? 3TOT BT ?

Figure 5: Triangulate the octagon 377?7_(#5: S BIATT B I0fBNTT BT
5. How many triangles can an octagon be split into? Why?

6. What is the minimum number of conditions needed to construct congruent octagon? Why?

ThHaT JDHIT BISUITATS! ThaT fhelt 1T azd e ST ? 3MfOT BT?
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