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AT 6: st

Section 1: Detailed Concepts, Theorems & Formal Proofs
Tz 1: faga saurRony, &9 Td gl Iudfaat
6.1 Similar Figures — Congruence vs Similarity / 6.1 994 3iTepfaal — Fafa=dr a= ™ GHSgdr
[English Theory]: Two geometric figures are called congruent if they have the exact same shape and the exact
same size.
Two geometric figures are called similar if they have the same shape, but not necessarily the same size.
« All congruent figures are similar, but similar figures need not be congruent.
« Similarity Rule for Polygons: Two polygons having the same number of sides are similar if:
1. Their corresponding angles are equal, and
2. Their corresponding sides are in the same ratio (or proportional).
Important Remark: Both conditions must be satisfied simultaneously! For example, a square and a rhombus have
sides in proportion, but angles are not equal (not similar). A rectangle and a square have equal angles, but sides
are not proportional (not similar).

[[&& Rgia]: @ sfadt siepfaat gafmas sgard § afg 376 3eR (shape) SR STHTY (size) AT GAH &1
I SMPfAAT THEY THgard! & Al Ich HThR THM §l, U STTHTY T THH g1 A o) o

o gt wafraw sepfaat wueey gidt &, wRg 9t Ta=su snepfaat gafmes =g gl

o TSIl Y TERETAT: T ST Tt & TgYST THEY Bid o Tl

1. 39 I hI0T SRTeR 8f, a2

2. I T YT Teh gt SUTd | (37T Farguren) &f|

fashy fewgufl: QT 1af < Qop I1y O g1 SMfHard g

6.2 Basic Proportionality Theorem (BPT / Thales Theorem — Theorem 6.1) / 6.2 TURYd SHIUI ARl TH/A
(¥ v — v 6.1)

[English Theory]: Theorem 6.1 Statement: If a line is drawn parallel to one side of a triangle to intersect the other
two sides in distinct points, the other two sides are divided in the same ratio.

Given: A triangle ABC in which a line parallel to side BC intersects other two sides AB and AC at D and E
respectively.

To Prove: AD / DB = AE / EC.

Construction: Join BE and CD, and draw DM 1L AC and EN L AB.

Proof:

Area(sADE) = 2 x base x height = V2 x AD x EN.

Area(aBDE) = 2 x DB x EN.

Therefore, Area(aADE) / Area(aBDE) = (2x AD xEN) /(%2x DB xEN) = AD / DB —(1).

Similarly, Area(aADE) = 2 x AE x DM, and Area(aDEC) = V2 x EC x DM.

So, Area(aADE) / Area(aDEC) = AE / EC —(2).

Note that ABDE and aDEC are on the same base DE and between the same parallels BC and DE.
Therefore, Area(aBDE) = Area(nDEC) —(3).

From (1), (2), and (3), we get: AD / DB = AE [ EC. Hence Proved!
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[[E& Rrgial: wia 6.1 (I uda &1 wy=): afe foell Rgst <l Geh oot & IHiaR 3= &t st ot f9a-f9a fogar w afaeee
A o foIg Uen @1 Eit A1, @t & 31T &l ST Geh 51 guTd | a1 gt STt &1

feam &: AABC # DE || BC, Sit AB @l D TR 4T AC &t E W ahiedt gl

f&g &= @: AD / DB = AE / ECI

TFAT: BE 3R CD oht fAwmar, aur DM L AC iR EN L AB @1

Iuafa:

ar(aADE) = ¥, x AD x EN; ar(aBDE) = %2 x DB x EN = ar(aADE) / ar(aBDE) = AD / DB —(1)|

g4t waR, ar(aADE) / ar(aDEC) = AE / EC —(2)1

Tfoh ABDE 3R ADEC U &l 31TeR DE Joim iR ¥@reii DE 3k BC & &g s &t fAs[eT €, ora: ar(aBDE) = ar(aDEC) —(3)1
geteR<or (1), (2) a1 (3) @: AD / DB = AE [ ECI (373 Rg#)

Theorem 6.2 (Converse of BPT) & Similarity Criteria (AAA, SSS, SAS) / a3y 6.2 (I uiY &1 fa=iin) wa
Bragetl i aweuar & weifear

[English Theory]: Theorem 6.2 (Converse of BPT): If a line divides any two sides of a triangle in the same ratio,
then the line is parallel to the third side (i.e. if AD /DB = AE / EC, then DE || BC).

Criteria for Similarity of Triangles: Two triangles ABC and DEF are similar (AABC ~ aDEF) if:

1. AAA Similarity Criterion (Theorem 6.3): If in two triangles, corresponding angles are equal, then their
corresponding sides are in the same ratio and hence the two triangles are similar.

o AA Criterion: If two angles of one triangle are respectively equal to two angles of another triangle, then the two
triangles are similar (since sum of angles is 180°, the third angles are automatically equal).

2. SSS Similarity Criterion (Theorem 6.4): If in two triangles, sides of one triangle are proportional to the sides of
the other triangle, then their corresponding angles are equal and the triangles are similar.

3. SAS Similarity Criterion (Theorem 6.5): If one angle of a triangle is equal to one angle of the other triangle and
the sides including these angles are proportional, then the two triangles are similar.

[[&& Rgial: wia 6.2 (I udg o faeiia): afe g a1 fhdlt Riagst & & sfeireil ot e 8t srgurd | nfSia e, af ag e
ST & FHIR gidT 8 (srufd afs AD/DB = AE/EC, dt DE || BC)I

Braeit Y wegar f waifear:

1. AAA FHEIE (T8T 6.3): af <t Reil 7 T hIoT sRTeR &, af ITeh! T SV Teh 61 IUTd A gl & 3R AT I7EY gid 8|
(AA IUFHE: Sheel &Y 0T SRR FHT T 2) |

2. SSS FHHEIE (WHT 6.4): TS T ST Y T ST FHIUT 1, dF I7ch T 1T SRR Bl ¢ SR BFsT g9&y g1 &1

3. SAS FHEIE (WA 6.5): TfE Yok AST I Toh hIvT GER ST & e ehlUT oh SRTER 81 T 39 hIUT Sl SidATd et atel! 3aIg
AU g, O & A I9Ey gid g

Ex 6.3 Q2: AODC ~ AOBA
Ex 6.2 Q1(i): DE || BC (Thales Theorem) x Q2: A A Ex 6.3 Q15: Pole & Tower Shadows

h=42m

6m

Fig 6.1: Geometric Models for Ex 6.2 Q1(i) (Thales Theorem), Ex 6.3 Q2 (Similar Triangles), and Ex 6.3 Q15 (Shadow Ratio Height
Calculation) — TYBA Coaching Centre
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Section 2: Textbook Solved Examples with Step-by-Step Bilingual Solutions
T 2: USIYEaE & Ot gt fohg g IqreRon (fasqa wRuteg &)

Textbook Example 1: Line Parallel to BC Intersecting at D and E / 3&1g30T 1: f3{st &t 3iT & S#iaR 3@r

[Problem - EN]: If a line intersects sides AB and AC of a AABC at D and E respectively and is parallel to BC, prove
that AD/ AB = AE/ AC.

[s1%1 - HI]: af i 3@ g AABC &l <1131t AB 3R AC @t shA2T: D 3R E R ufa=dg &R a1 oI BC & a#iar gf, at g
&ifSie fas AD / AB = AE / AC ghml

Step-by-Step Solution (English):

Given DE || BC. By Theorem 6.1 (BPT):

AD /DB = AE / EC.

Inverting both sides: DB / AD = EC / AE.

Adding 1 to both sides: (DB /AD) + 1 = (EC / AE) + 1.
(DB + AD) / AD = (EC + AE) / AE.

AB/AD = AC / AE.

Taking reciprocals: AD / AB = AE [ AC. Hence Proved!

WutEg & (f5h):

DE || BC fear &1 vdg 6.1 (de i) &

AD / DB = AE / ECI

hH o W: DB / AD = EC / AE|

g geff & 1 Siig W= DB/AD + 1 = EC/AE + 1 = (DB + AD)/AD = (EC + AE)/AE = AB/AD = AC/AEI
g GhH 4 WR: AD / AB = AE / AC| (313 Rig®)

Textbook Example 2: Trapezium ABCD with Non-parallel Sides Division / 3&1g30T 2: @f«igd ABCD &l 3raHiar
Aetail &1 e

[Problem - EN]: ABCD is a trapezium with AB || DC. E and F are points on non-parallel sides AD and BC
respectively such that EF || AB. Show that AE / ED = BF / FC.

[ - HI]: ABCD Uah G5eid & 59 AB || DC &1 sremiar sgsmaif AD 3R BC WR shuen: fiig E 3R F 39 vk fR¥a & R EF ||
AB g1 2arfsu f& AE / ED = BF / FC &1

Step-by-Step Solution (English):

Join AC to intersect EF at point G.

Since AB || DC and EF || AB, we have EF || DC.

In AADC, EG || DC. By BPT (Theorem 6.1): AE [ ED = AG / GC —(1).

In ACAB, GF | AB. By BPT: CG / AG = CF / BF, which on inverting gives AG / GC = BF / FC —(2).
From (1) and (2), we obtain: AE / ED = BF / FC. Hence Proved!

Wutag & (f5dh):

AC &t firemar St EF &t G @R ahledt 81

AADC H EG || DC g1 3/ g v 9: AE/ED = AG/ GC —(1)1
ACAB & GF || AB 81 3ra: 99 u9g ¥: AG / GC = BF / FC —(2)|
gHfteRzor (1) iR (2) @: AE / ED = BF / FCI (313 f8gH)

Textbook Example 4: Parallel Line Angles & Similarity in AOAB & AOCD / 3%1gvur 4: AOAB U& AOCD &t
HASYAT

[Problem - ENI: In Fig. 6.29, ZP = LRTS. Show that ARPQ ~ ARTS.

[or21 - HI): erpfa & LP = LRTS g1 g21fs¢ f& ARPQ ~ ARTS 81
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Step-by-Step Solution (English):

In ARPQ and aRTS:

1. LP = LRTS (Given)

2. LPRQ = LTRS (Common angle 4R)

Therefore, by AA Similarity Criterion (Theorem 6.3), ARPQ ~ ARTS.

Wutag & (f5dh):

ARPQ 3R ARTS #:

1. LP = LRTS (Ram )

2. LR = LR (3¥7af3s o)

3rd: AA 9H=UAT hElél T, ARPQ ~ ARTS|

Textbook Example 7: A Girl of Height 90 cm Walking Away from Lamp-post / 3&1g201 7: 90 cm wdt sight &t
9-ule @ s

[Problem - EN]: A girl of height 90 cm is walking away from the base of a lamp-post at a speed of 1.2 m/s. If the
lamp is 3.6 m above the ground, find the length of her shadow after 4 seconds.

5121 - HI]: 90 cm Y daré arefl gor Aishl S T T @R F IR AW 1.2 m/s Fraa A aa @ gl aRk sy @ 3.6 m
& FITE WR g, dt 4 Gehs a1 I ASh Y ST R FarE 79 Hifsgl

Step-by-Step Solution (English):

Let AB be the lamp-post (3.6 m) and CD be the girl (90 cm = 0.9 m).

Distance walked in 4 seconds BD = speed x time = 1.2 x 4 = 4.8 m.

Let shadow length DE = x m. Then BE = 4.8 + x.

In AABE and aCDE, £ZB = 4D = 90° and ZE is common = aABE ~ ACDE (AA similarity).
Therefore, BE/ DE=AB/CD = (48 +x)/x=3.6/0.9 =4,

48+ x=4x > 3x =48> x=1.6m.

The shadow of the girl after 4 seconds is 1.6 m long.

WoTEg & (fadh):

TR I F1E AB = 3.6 m, disch! il F=1E CD = 0.9 m
4SS H TG BD = 1.2 x 4 = 4.8 m| AFT BT DE = x m|

AABE ~ ACDE (AA &gté 9):

BE/DE=AB/CD= (48+x)/x=36/09=4=3x=48=>x=16ml
37d: 4 Ths TG AT i BSHT Y FaTs 1.6 m 8|

Section 3: Exercise 6.1 & 6.2 Complete Step-by-Step Solutions
T3 3: et 6.1 T 6.2 F |l TRUEG T

Exercise 6.1 — Complete Solutions (Q1 to Q3) / usitaeit 6.1 — dquf gt

[EN] Q1: Fill in the blanks. Q2: Give two examples of similar and non-similar figures. Q3: State whether
quadrilaterals in Fig 6.8 are similar.

[HI] wstraeft 6.1 & w1 1, 2 3R 3 & Hyof g=:

e Q1: (i) All circles are similar (FH%4) « (ii) All squares are similar (F89%=1) « (iii) All equilateral (EHerTg) triangles
are similar o (iv) Two polygons of same sides are similar if (a) their corresponding angles are equal (sRTeR) and
(b) corresponding sides are proportional (FHTIUTT).

« Q2: (i) Similar figures: Any two circles; any two squares. (ii) Non-similar figures: An equilateral triangle and a
scalene triangle; a square and a rectangle.
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Q3 (Fig 6.8 Rhombus & Square): In quadrilateral PQRS (rhombus, side 1.5 cm) and square ABCD (side 3 cm),
sides are proportional (1.5/3 = 1/2), but corresponding angles are not equal (square has 90° angles, rhombus
does not). Therefore, they are not similar (F9=q gl §).

Final Answer / 3<R: Q1: similar, similar, equilateral, equal, proportional * Q3: No, not similar

Exercise 6.2 — Complete Solutions & Proofs (Q1 to Q10) / wsiraeft 6.2 — Tguf g« g y=T0T
[EN] Complete solutions and formal proofs for Exercise 6.2 Q1 to Q10.

[HI] wstraeft 6.2 & ws1 19 10 & Hyvf @RurEg g« ¢d Suufvar:

Q1(i) [Fig 6.1 Left]: DE | BC = by BPT, AD/DB = AE/EC = 1.5/3 = 1/EC = EC =2 cm.
Q1(ii): AD/DB = AE/EC = AD/7.2 =1.8/5.4=1/3 > AD=72/3=2.4cm.

Q2: (i) PE/EQ = 3.9/3 = 1.3 # PF/FR = 3.6/2.4 = 1.5 = No.

(i) PE/QE = 4/4.5 = 8/9; PF/RF = 8/9 = Yes, EF || QR (Converse of BPT).

(iii) PE/PQ = 0.18/1.28 = 9/64; PF/PR = 0.36/2.56 = 9/64 = Yes, EF | QR.

Q3 (Prove AM/AB = AN/AD): In 2ABC, LM || CB = AM/AB = AL/AC. In AADC, LN || CD = AN/AD = AL/AC.
Equating gives AM/AB = AN/AD.

Q4 (Prove BF/FE = BE/EC): In AABC, DE || AC = BD/DA = BE/EC. In AABE, DF || AE = BD/DA = BF/FE. Equating
gives BF/FE = BE/EC.

Q5 (Show EF || QR): In aPOQ, DE || 0Q = PE/EQ = PD/DO. In aPOR, DF || OR = PF/FR = PD/DO. Thus PE/EQ =
PF/FR = by Converse of BPT, EF || QR.

Q6 (Show BC | QR): In 20PQ, AB || PQ = OA/AP = OB/BQ. In aOPR, AC || PR = OA/AP = OC/CR. Thus OB/BQ =
OC/CR = by Converse of BPT, BC || QR.

Q7 (Mid-point Theorem via BPT): In 2ABC, D is mid-point of AB = AD/DB = 1. Line DE || BC = AE/EC = AD/DB
=1 = AE = EC (E bisects AC).

Q8 (Converse of Mid-point Theorem): D and E are mid-points = AD/DB = 1 and AE/EC = 1 = AD/DB = AE/EC
= by Converse of BPT, DE | BC.

Q9 (Trapezium ABCD with AB || DC): Draw line EO || DC through O meeting AD at E. In AADC, AE/ED = AO/CO;
in ADAB, AE/ED = BO/DO = AO/CO =B0O/DO = AO/BO = CO/DO.

Q10 (Diagonals with AO/BO = CO/DO = Trapezium): Drawing EO || AB gives AE/ED = BO/DO = AO/CO = by
Converse of BPT, EO || DC = AB || DC. Hence, ABCD is a trapezium.

Final Answer / 3<R: Ex 6.2 Q1: (i) 2 cm (ii) 2.4 cm ¢ Q2: (i) No (ii) Yes (iii) Yes * Q3 to Q10 all proved.

Section 4: Exercise 6.3 Complete Step-by-Step Solutions
T3 4: AT 6.3 & HYUf WUEG T

Exercise 6.3 — Complete Solutions (Q1 to Q16) / usirasit 6.3 — €@yof g

[EN] Detailed step-by-step solutions and similarity proofs for all 16 questions of Exercise 6.3.
[HI] ustrast 6.3 & w3t 16 wsii & w@yqof g« ga y=TOT:

Q1 (Similarity Pairs in Fig 6.34):

(i) LA=£LP=60° LB=LQ=80° LC=4LR=40° = AAA Criterion, AABC ~ APQR.
(i) AB/QR = 2/4 = 1/2, BC/RP = 2.5/5 = 1/2, CA/PQ = 3/6 = 1/2 = SSS Criterion, AABC ~ AQRP.
(iii) MP/DE = 2/4 = 1/2, LP/DF = 3/6 = 1/2, but LM/EF = 2.7/5 # 1/2 = Not similar.

(iv) MN/QP = 2.5/5 =1/2, ML/QR = 5/10 =1/2, LM = £LQ = 70° = SAS Criterion, AMNL ~ AQPR.
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(v) In AABC, LA = 80° is not the included angle between AB=2.5 and BC=3 = Not similar.
(vi) In aADEF, £F =180°-(70°+80°) = 30°; in APQR, 4P = 70° = AA Criterion, ADEF ~ APQR.

Q2 (Fig 6.35 / Fig 6.1 Middle): £DOC = 180° - 125° = 55°; £LDCO =180° - (70° + 55°) = 55°; LOAB = LDCO
= 55°.

Q3 (Trapezium diagonals): In AOAB and AOCD, AB || DC = £LOAB = £OCD and £LOBA = LODC = a0AB ~
A0OCD (AA) = OA/OC = OB/OD.

Q4: £1= L2 > PQ =PR. QR/QS = QT/PR = QT/PQ and £Q is common = APQS ~ ATQR (SAS).

Q5: In ARPQ and aRTS, ZP = ZRTS and ZR is common = aARPQ ~ ARTS (AA).

Q6: AABE = aACD = AB = AC, AD = AE = AD/AB = AE/AC with LA common = AADE ~ AABC (SAS).

Q7 (Altitudes AD & CE intersecting at P): By AA similarity (right angle + common/vertically opposite angle):
(i) AAEP ~ ACDP e« (ii) AABD ~ ACBE e (iii) AAEP ~ AADB « (iv) APDC ~ ABEC.

Q8: In parallelogram ABCD, ZA = £C and alternate ZAEB = LCBF = AABE ~ ACFB (AA).
Q9: Right triangles ABC and AMP: £B = M = 90° LA common = (i) AABC ~ AAMP; (ii) CA/PA = BC/MP.

Q10: Angle bisectors of similar triangles AABC ~ AFEG: (i) CD/GH = AC/FG, (ii) ADCB ~ aHGE, (iii)) ADCA ~
AHGF.

Q11: Isosceles AABC (AB = AC = £B = £C) with AD L BC, EF L AC = aABD ~ AECF (AA).

Q12: AB/PQ = BC/QR = AD/PM = AB/PQ = BD/QM = AD/PM = aABD ~ aPQM (SSS) = 4B = £Q = AABC ~
APQR (SAS).

Q13: LADC = £BAC, £C common = sABC ~ aDAC (AA) = CB/CA = CA/CD = CA2=CB-CD.

Q14: Extending medians AD to E and PM to N gives SSS similarity of constructed halves, implying ZA = P =
AABC ~ APQR (SAS).

Q15 (Tower Height — Fig 6.1 Right): By AA similarity of sun's shadow: h /6 = 28 / 4 = h = 42 m (Tower
height).

Q16: 2AABC ~ aPQR with medians AD, PM = AB/PQ = AD/PM.

Final Answer / 3<1%: Ex 6.3 Q2: 55°,55° 55° « Q15: Height = 42 m ¢ All 16 proofs verified.

Section 5: Chapter Summary & Key Theorems
T 5: AT ORI T4 THE T4

Theorem Key Mathematical Condition feramor (f84)

BPT (Thales) DE | BC = AD/DB = AE/EC I TR TR T +STIST hl GHUT | died! §
Converse of BPT AD/DB = AE/EC = DE || BC I Y o el

AA Similarity LA = LD, LB = LE = sABC ~ aDEF ﬁaﬁwwaﬁﬁmﬁaﬁrwaﬁ%
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