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[Unit 3 Similarity |
(Lesson @ Similarity of polygons )
(Definition: |

Tow polygons M,and M,(Having the same number of sides) are said to be similar

If the following two conditions satisfied together:

1'Their corresponding angles are congruent.

a'hu length of their corresponding sides are proportional.

In this case , we shall write :the polygon M;~the polygonM.:. that means the
polygon M;is similar to the polygon M,

In the opposite figure if :

mm.{A=m,¢X,m£B=m£Y ! ’
mszC=mzsZ mszD=m<sL A |

AB BC (CD DA

XY YZT ZL7 1X
Then , the polygon ABCD~the polygon XYZL

Remark 10

On writing the polygons, write them according to the order of their corresponding

Vertices to make it easy to deduce the equal angles in measure and write

The proportion of corresponding side lengths.

For exampal @

If the polygon ABCD~the polygon XYZL , then: A

e B T D
ImsA=msZX, msZB=mzY _I l I
X ' I

MmLC=mzeZ mzszD=ms L

AB_ BC CD DA w
XY YZ" 7ZL™ 1X
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{ Emark 2 g }
If the two polygons are congruent,then they are similary,but itsnot necessary that
similar poygons are congrunt.

N e Case ol cong polvgons, Talo cen engihs o
cormresponding sides similanty ratioequals one.
Remarkd

If each one of two polygons is similar to a third polygon, then the two polygon are similar

i.e. If polygon M,;~polygon M;

Jpolygon M, ~polygon M,M, M, M, U \ ,

.. polygon M, ~polygon M;

(it £ )

All regular polygons that have the same number of sides are similar.

All equilateral triangles are similar.
All squares are similar.
All regular pentagons are similar, and so on.

1.e. 1he ratio between the permeters of two similar polygons= theratio between
the lengths of two corresponding sides of them.

e e D E c
*We can calculate the golden ratio as follows let the length of
The golden rectangle ABCD =x cm.and its width =1cm_, and E_ " .
Draw thesquare AOBC .". The rectangle ABCD ~ the rectangle EOBC(x-1)
I
.AB_BC . x_ 1 . P S g Lo 1
..m—nﬂ.,l_x_l,.x’-x-l_{l,.a 1. .b=-1,¢=-1 A xecp_ O _B

2 . i il I-"j -"':
i -b+~.2i-mh‘ s l.+'\., lg){.lx l..' l. i :’"I'l:fUFde tl'-.'x= %‘Q"' X~ 1.613

.". TheRatio between the length of the rectangle and its width = 1.618 which is called the golden
Ratio  [Note] All golden rectangles are similar.
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Exercise { 1)

|3n the opposite figure :

polygon ABCD~polygon EFGH

(1) Find the scale factor of similarty of D *
polygon ABCD to polygon EFGH .
(2) Find the value of xx and y

Proof

~." polygon ABCD~polygon EFGH

L)

E6c
L_E\:JJ}B

.AB_BC_CD_DA_
-EF- FG— GH— HE- S¢@e

factor
S BE 5D, 12_3
T TG 3 .. scale factor= S—Eﬁrstmq.
T 6"12 =9,y=92=7 second req.
. 12 - %
In the opposite figure : _
A ABC ~ A AXY Prove that :XY//BC
and if :AX=6 cm. , XB=3 cm. and YX=5¢cm. Y
Find : The length of BC
Proof C B

Scanned by CamScanner



mn the opposite figure : L

‘s
Polygon ABCD~Polygon XYZL D !// X
.'
L. 70°85"
' d cm. Y '

A

(2) If the perimeter of the polygon
ABCD=19.5 em.
B 4

ind :the perimeter of polygon XYZL,  C 6cm
Proof

4]n the opposite figure :

AMAB~AMCD

Prove that :the figure ABCD is a cyclic quadnlatral.

Andif :AB=8 cm., (D=4 em. , MA=4.8 em. MD =2.5¢cm.

Find :the length of BC
Proof
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—{ 5] The dimensions of arectang] are 10 cm. and 6 cm. Find the perimeter
and the area of another rectangle similar to it if :

(1) The scale factorequals 3  (2) The scale factor equals 0.4
Proof

.& The length of a golden rectangular box is 16.2 cm. Calculate the width of the *
box to the nearest centimetres.
Proof
‘ * length'width= 1.618/1 .. 16.2/width= 1.618/1 ", width~ 10 cm. .

L

a Two similar rectangles , the dimensions of the first are 8 cm. and 12 cm. and
The perimeter of thesecond is 200 cm.Find the length of thesecond rectangleand itsarea
Proof Let thelength of two dimensions of thesecond rectanglebex em.and y cm.

8 12 40 8x200 _
X~y 200° 40 40cm.

~. The two rectangles are similar .". " X=

" -Hﬁm =60 cm... Area of second rectangle = 40 x 60 = 2400cm’

H.W. Page 79 No. (2), Page 80 No.(6),Page 81 No. (8), Page 82(14) and Page 83 No. (19)
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ZSimilariy of triangles ]
tuate (A.A. Similarity postulate)
If two angles of one triangle are congrunt to their two conesponding anglesof >

another tiangle , then the two tiangles are similar.

In the opposite Tigure : Z
H: 2A=2X C
ZB=2Y ; _ //
then : AABC~AXYZ o ' X B
emarks

mI‘wn right — angled triangles are similar if the measure of an acute angle in One

of them is equal to the measure of an acute angle in the other triangle.
@an isosceles triangles are similar if :

The measure of one angle of the base in one triangle, is equal to the measure of
an angle of the base in the other triangle.
Their vertices angles are equal in measure.
ny two equilatral triangles are similar.
]

rd
C lineis drawn parallel tooneside of a triangleand intersects theother two sides or )
h

elines containing them, them theresulting triangle is similar totheoriginal triangle.

In each of the following figure : DE

If: DEHBC and mta*sects iBandACat D and E mspeclweh lhen AABC~AADE

Corllary [2]

any right - angled triangle , the altitude to the hypotenuse separtes the tiangle
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Into two triangles which are similar to each otherand to theoriginal triangle.

In the opposite figure : A
If : A ABC is a right-angled triangle at A andAD L BC ,/.; f t ‘:
,Then :A DBA~A DAC~A ABC C

( Remarks on the previous ﬁgu@;

DB _BA
AB™ BC

. (AC)’=DBXxBC i.e. ABisamean proportional between DB and BC

DC_AC
AC BC

. (AQ)*=DCxBC i.e. AC is a mean proportional between DC and BC

DA_DB
DC™ DA

- (DA)*=DBxDC i.e. DA is amean proportional between DB and DC

AB AD
CB~ CA

m‘“mm similarity of AA DBA and ABC, we get :

&mm similarity of AA DAC and ABC, we get :

3 From similarity of AA DBA and DAC,, we get :

P From similarity of AA DBA and ABC, we get :

S ADxCB=ABxCA
(MInA ABC, AC>AB , M€ ACwhere :m £ ABM=m« C A
Prove that :(AB)*= AMXAC
Proof M

@ In the opposite figure : A
ABC is a triangle , De AB , drawDH/BClntersecting H
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AC at H,DO//AC intersecting BCat O 7
Prove that : A ADH~A DBO c > B

Proof

~* DH//BC.. A ADH~A ABC (1) " DO// AC.. ADBO~A ABC (2
from(1)and (2) .. A ADH~ A DBO

- = i
@ ABC is aright-angled triangle at A , AD1 BCto intersec it at D A
Prove that : DAis a mean proportional betweenDC , BD
Proof
C D B
& T W
(4 XYZis aright-angled tiangle at X , draw XLL YZ and intersects it at L.
).% ' e 4
prove that : (A1) o

(Xz)*" LZ

If XY=12cm. and XZ= 16 cm.

Calculate the length of each of : YL XL s i |
Proof

(3 ABand DCare two chords ina circle , ABn CD= {E} , where Elies outside the Circle,
AB=4cm. ,DC=7cm.and BE=6 cm.
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Prove thatZAADE ~A UBE, then Tind the Iength of: CE
Proof]

g .
(9 ABC and DEF are two similar triangles , AX L BC to intersect it at X ,DYL EF
to intersect it at Y. prove that :BX xY F= CXxYE
Proof '  AABC~ADEFm<sB=msZ2Em~sC=mF A
InAA ABX.DEY ".m £B=m 2E, F
m 2 BXA=m £EYD=90".. A ABX~ADEY.. BX_8X3 () ¢

INAAAXC,DYF:"m«£C=m<«F ,m«£AXC=m £ DYF=%"

: - AX_XC
--ﬁfﬁcﬁﬁD‘.F-.Dl:r:ﬁ (2}

.BX_XC

From12:., V= VE " BXxYF=XCxYE

& &
an the opposite figure : A
ABC is a right-angled triangle at A

ADL BC,DEL AB, DFL AC Prove that : F
(1) AADE~A CDF C D B
(2) Area of therectangle AEDF = ./ AEXEB XA FxFC

((H-W.Page 94 Nos_ (70}, (13), Page 95 No.(15) and Page 96 Nos (24),(26) )

Qesson3()  Follow: similarity of triangles
[Theorem [1]: S.S.S. Similarity theorem )

D
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AB BC CA

Giver InAA ABC, DEF : s e

R.T.H.A ABC~A DEFA

Const.| Take X& ABwhere AX=DE Dmaw D Y
XY //BC and intersects ACat Y Y 7/ /

Proof| . XY// BCF EC B

AB_BC_CA
AX" XY YA

o A ABC~A AXY "Corollary=1="",

" AX=DE "Construction”

.AB_BC_CA . AB_BC_CA ... .
‘DE-XY-yald ! “DEEF-Fp v @

From 1 and 2 we deduce that :XY = EF, YE= FD
and A AXY= A DEF"S.5.S. Congruency theorem".". A DEF~A AXY
** A ABC~A AXY "Proved” . A ABC~ADEF
*Theorem [2]S.A.S.Similarity theorem

IfAnangleof onetriangle is congruent to an angle of another triangleand lengths of

Thesides includingthoseangles are in proportionand then thetriangleare Similar.

Given| £ A= ..«:DmﬂAB ﬁn

DH DO
RT.PAABC~A DHO / /
Const.Let X e ABsuch that AX= DHO HY

and draw XY//BCand intersects ACatY C

Proof}" XY//BC.. A ABC~A AXY "Corollary” 2} (1) .. i}B{"ig

SE{_ ‘35‘&#&1",&3{: DH "Construction” .", %= f';g AY=DO

~. A AXY= A DHO"SA.S.Congruency theorem” ., A AXY ~A DHO[Z] (2)
From 1 and 2 we get: A ABC~A DHO Q.E.D.
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----------------------------------------------------------------------------------------------------

(M) the opposite figure :
BCn DE={F} ,AB=6¢cm.,BC=12cm.AC=8cm.
,FC=3cm. ,BD=4.5cm. , DF =6cm. Provethat:

1 A ABC~A DBF 2A EFC is isosceles
Proof

@ In the opposite figure : A -
ABCisa trianglein which: AB=6¢cm. ,BC=9cm. ,
AC=75cm. ,Dis a point outside thetriangle ABC where:

DB =4 cm. , DA =5cm. Prove that c 9cm. B
1 A ABC ~ A DBA 2BAbisects 2 DBC
Proof
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_@ In the opposite ligure : A
ABCD is a quadrilateral , E € BD where: /

AB_CE BD_EB

DA~ BLDA™ BC Dreus Pl
lh_DHB_(EJ\_BH(._'E D C
Prooff

.

'anlheupm:iih: figure
AABC, in which AB=8cm. ,AC=6cm. ,De AB,
WhereAD=3cm. ,E€ AC ,where EC=2cm.
Prove that: & AED ~AABC
Proof

[ H]n the opposite figure:
ADn BC={E},AE=7.5cm.,EC =12cm.
,BE=9cm. ,ED=10cm. ,AB = 6cm.
Prove that: A ABE ~ A DCE, then find the length of:CD
Proof

+*
L J
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_@ ABCls afriangle, AB =8cm. ,ATU=10cm. ,BC=12cm. E€ AB,where AE=2 cm.,
De BCWhere BD = 4 cm. Prove that:

(1) ABDE ~A BAC and deduce the length of DE
(2) The figure ACDE is a cyclic quadrilateml,

Proof

Gln the opposite ligure .

ABC is a triangle in which D€ BCwhere BD=4 cm.
,DC=5cm. ,If AB=6cm. , AC=8 cm.

1Prove that : A ABC~A DBA

2Find the length : AD

3Prove that:ABis a tangent segment for the circle passing through the

Vertices of A ADC
ot |4 103

i : AB_ BC
In AA ABC, DBA : pro=pie= z‘ B is common angle .". A ABC~A DBA

C Sem. Ddem. B

.AB_AC . 6_8 . _el
II-DB_ AD‘I'q‘-AD L AD*—Sacmn
;. ms BAD =m( £ C)., AB is tangent segment for the circle passing through

TheVertices of A ADC

Scanned by CamScanner



(& 1n the opposite figure -
ABCD is a quadrilateral in which : BDn AC = {E},
AB=CD=24cm. ,BC=54cm. ,AD=16cm. ,AC=36cm.
Prove that : ABAC~A ADC

Then prove that CAbisects 2 BCD
Proof

@ln the opposite figure :

ABC is an inscribed triangle in a circle where AB =5 cm.

BC=8cm., CA=4 cm., AD is a tangent segment to
The circle at A, AD = 10 cm.

Prove that : A DAB~A BCA , then find the length of BD
Proof
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DB _BA

m ABC is aright —angledtriangle at A, D BcwhereAB BC

Prove that: (1) A ABC~A DBA
(2) ADL BC

Proof

}_I\ o =]

.m If A ABC~A DEF and X is a midpoint of B_C,Y is midpoint of EFwhereBC,EF
two Comesponding sides in the two tangles.
Prove that : A ABX~A DEY
Proof F
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(essnn @ The relation between the areas of two similar polygnnsD

(First I The ratio between the areas of the surfaces of two similar triangles |

(fheurem [3] >

Theratio between theareas of thesurfaces of two similar triangles equals thesquareofthe

Ratio between thelengths ofany two corresponding sides of the two triangles.

Given | A ABC~A DHO

. p [The area of A ABC _ AB* BC* AC A
" “IMhe area of A DHO_ DH ~ HO ~ DO D

Corjst. Draw ALL BCsuch that ALn BC={L} /L\
=

and DML HOsuch that DM HO= { M} 5 M HG 5
J. . » AB_BC_CA
Proof ' A ABC~A DHO .. m £ B=m (£ H)and = 1r6= 6D (1)

In the two right-angled triangles ABL and DHM .

»*m £ B=m £ H:. A ABL~A DHM.., 58= £.1(2)

‘DH™ D
§ B
. Theareaof A ABC_2BOXAL  ge 41
* The area of A DHO™ 1 = HO*DM

5 HOxDM

(3)

From 1, 2 and 3We get:

The area of A ABC_ BC BC_BC’_ AB’_ CA’ o0\
The area of A DHO~ HO®HO™ HO ~ DH = OD ™=

(Noticethat )

aA ABC| AB’
a A DHO| DH

..AB_ AL . aAABC_ AL’
"DH DM | "aADHO DM

Scanned by CamScanner



I.e. Therafio between theareas of the surface of two similar triangies equalsthesquareof the

ratio between thelengths of any two corresponding altitudes of thetwo triangles.

Remarks Y
——

|3 1Theratio between the Perimeters of two similar triangles equals theratio between any twg

Corresponding sides.

|3 2 Theratio between theareas of two triangles having the same base equals theratio
between

Their heights.

|3 3 Theratio between theareas of two triangles having thesame height equalstheratio
between

Their bases lengths.

Theralio of theareas of the surfaces of two similar triangles equals the square of theratio of
A

The Lengths of any two corresponding medians of thetwo triangles.

If A ABC~A DEF , L is midpoint of BC , M is midpoint of EF

LA(AABC)_ AL’
a(A DEF)~ DM

The

-
\.Second ) The ratio between the areas of the surfaces of two similar polygons

Fact

Any two similar polygons can bedivided into thesame number of triangles, each is similar tg

its

In the opposite figure :
If the two polygons ABCDE and AB CD Eare similar . E
and from two corresponding verticessayCand g B
Cwe draw CA , CE, CA~and CE*~Then each polygon

D C

Will be divided into three triangles such that:
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AABC~AABC,A ACE~A ACEand A ECD~A ECD

Important remark I

If the number of sides of a polygon is n sides , then the number of tdangles that the
polyvgon is divided by drawing the diagonals from One of its vertices = (n—2) triangles

Lol

|
: theareas of the surfaces of two similar polygons equals the Square
Of the ratio between the lengths of any two corresponding sides of the polygons

GivenTh{ polygon ABCDE~ the polygon ABCDE D ;
RT.P a the polygon ABCDE ~ AB 2 g c¥
" "a[the polygon ABCDE) AB
Const. [From A ,A'dmw AC,AD,AC,AD
B A

A ;
Proof”,” The polygon ABCD~The polygon ABCDE

.. They aregdivided into thesame number of thetriangles each is similar to
its corresponding one " fact"”
""aAABC BC ’a(AACD) CD ’aAADE DE
WBE O PE AR .
" BC - CD — DE - AB from similar polygons
. aAABC aAACD aAADE AB
""aAABC aAACD aAADE AB
. ___aAABC+aAACD+aAAD _AB °
FromProportion prupertn&:.ﬂ AABC A ACD +a A AD 'E'}_ AB

. a(the polygon ABCDE) _AB ?

" athe polygon ABCDE AB

Remember that: I

The ratio between the perimeters of two similar polygons equals the ratio
between The lengths of two corresponding sides in them.

2

2
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@ernise @ On the relation between the areas of two similar polygons >
@ Complete:

(nIf A ABC~A XYZ , AB=3XY , then

a A XV
aA ABC ~"=

.[2}Ifﬂ. ABC~A DEF a A ABC=9 a A DEF and DE=4 cm. , then AB= ....cm.

A‘fﬂ' = % ,then writethevalueof each of

a the polygon ABCD ang Perimeter of ABCD

a the polygonABCD Perimeter of ABCD
Proof

@ If the polygon ABCD ~the polygon ABCD ,

The following:

6]1‘ the lengths of two comesponding sides in two similar polygons are 12 em. .6 cm.

and the area of the smaller polygon= 135¢m.”,then. find thearea of thegreater polygon.
Proof

(4NBC is a triangle , DE AB where AD=2 BD , E€ ACwhereDE/_/BC

If the area of A ADE= 60 cm.’Find the area of the trapezium DBCE
Proof
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L &
@m the opposite figure:

A
ADis a tangent segment to the circumcircle of A ABC
aA ACD HU

» 2AB=J3 AC Find: aA ACB

Proof

the opposite ligure:
ABCD is a parallelogram , EE AB where

;1 J N
ER= 2+ DEn CB={f)

! aA DCF
(1) Prove that: A DCF~A EAD(2) Eml.H A EAD

Proof

. a— £
@ ABC is a right — angled at B, and drawn on ABand BC
the two similar triangles XBA, YCB such that X and Y lie outsideAABC
Prove that the ratio between the area of the two triangles XBA

and YCB equals the ratio between the lengths of the two projection
OfABand BCon ACrespectively.
Proof |
@\BC is @ right — angled triangle at B.The equilateral triangles .m¥x. BCY,ACZ are dmn,'
Prove thata A ABX+aA BCY=a A ACZ
Proof*.| AAA ABX , BCY , ACZ are equilatral triangles
. A ABX~A BCY~A ACZ

o
-
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a(AABX) AB _AB- a&BL‘Yw__ +
aACZ —AC “AC! "aAACZTAC AL D(2)Adding (1) and (2)

Cesson (5)  Application of Similarity in the circle >
rWell known problem: C

If the lines containing the two chords
AB, CD Of acircle intersecting at the point E

Then: EAXEB= ECXED F nvﬂ
Fig. 1Fi

g2

7
Convers of the well Known Problem ]
If the two lines containing the two segments ABand (Dintersect at E (AB,C.D.and E
are distinct points) and EAxEB= ECxED , then the points:A , B, C and DLie on a circle.

In the opposite figure: 3 D a

If:FAXEB= ECXED , "
then the points:A , B, C and D y @
Lie on thesame circle. 0

“Corottary {11 \I

When a secant segment and a tangent segment are drawn to a circle from

an external point, the product of the lengths of thesecant segment and its
external

Segment is equal to the square of the length of the tangent segment.
In the opposite figure: 0

If AB is tangent to the circle,DAINtersectsitat Cand D

Chhen = EAD 7
‘Corollary [2] ] C
If: (EA)*= EBXEC , Then EA isa tangent to thecircle

Which passes through thepoints A, B and C
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(Exercise 0)  Onapplicaf

10N Of

simi

arit

<> 1 In the opposite figure:

If ABn CD={E}, AE=2cm., ED=3 cm. , EB=9 em.

Calculate the length of : CE

y in the circle |

Proof
@1 the opposite figure:
AB=5cm. ,BE=4 cm. , DE=3 cm.
Calculate the length of : CD
Proof

Oﬂ the opposite figure:

XA i1s a tangent to the circle M at A

Where XA=15 cm. , if XB=9 em. 7™ U

Calculate the length of the radius of the circle.
Proof

@n the opposite figure:

Le XY where XL=4 cm. YL=8 em.,Me XZ

where XM=6 cm. , ZM= 2 cm. Prove that:
(1) AXLM~A XZY (2) LYZM is a cyclic quadrilateral x

Proof

N
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O 5Two circles are intersected at A and B, C€ ABand CZAB , C
from C the two tangent segments CXand CY are drawn
to touch the circle at X and Y respectively. Y, X
Prove that :CX= CY
Proof |

@n(: is a triangle. D€ BCwhere BD= 5 cm. and DC=4 cm. If AC= 6 cm. Prove that -
(1) ACis a tangent segment to the circle passing through the points A , B and D
(2) AACD~A BCA
(3)Areaof A ABD :Areaof A ABC=5 9
Proof |

L 4

@HL‘D is a rectange in which AB= 6 cm. and BC=8 cm. ,

BEL ACand intersects and AC at E and ADat F

gom.

{1 :I' Prove that : AB = AFxAD
(2) Find the length of : AF C

Proof */|A ABC is right —angled at B BEL AC.", AB’=AEXAC (1)

** Figure FECD is a cyclic quadrilateral.(because m (<D) + m(<FEC) =180")

s AFXAD= AExAC (2)From (1) and (2):. AB’= AFxAD.. 6= AFx8
S AF=36:8=45cm.
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Unit The triangle proportionality theorems

(esson (1) _ Parallel Tines and proportional parts )
Theorem [1]

If a line is darwn parallel to one side of a triangle and intersects the other two sides ,
Then it divides them into segments whose lengths are proportional.

t;iwmtl(: is a tringle , DE// BC /\
RT P:‘—‘D_ AE " i D

“'PBT EC ' / ) \
Proof*{DE //BC.". A ABC~A ADE "Similarity postulate® 4

AB_AC
, thent AD= A Eﬂ}
‘*De AB, E€ AC ", AB= AD+DB , AC= AE+EC 2)
) AD+4+DB__ AE4EC AD DB AE EC
From(1)and Z)weget: =y, ™"=""sF then: 4 D= AETAE
l+£d% l+§:t Eg i;ime the properties of the proportion ?}I]; i:f:

Corollary

Il a straight line is drawn outside the tnangle ABC parallel to one side of the tnangle

, say BCintersecting ABand AC at D and E respectively, as shown in the figures, tha{u%= %t
D E '
Jrom the properties of the proportion

,we can deduce that : A

AD_AE AD_AE 7
AB=AC’ BD™ CE

t.-ﬂll\"[‘l‘ﬁi‘.' ol thearem I I I I

If a steaight line intersects two sides of a triangle and divides them into segments
whose lengths are proportional , then it is parallel to the third side of the triangle.
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In the opposite figure:
ABC is a triangle , DE intesects ABat D, ACat E
and‘m= @ than:AD+DB... AE"’F‘C
DB  EC AD AE C
antecedent+consequent_ antecedent+consequent
antecedent antecedent
. AB_AC,
“"AD AE’
. 2 B= £ ADE and they are corresponding angles .. DE/BC
'ExermseoOnparallellm&sandpmportuonalparts
AB//DE , AEn BD={C},
AC=6cem. , BC=4 emu and CD=3 em.
Find the length of : AE
[ Proof

because:

*ZAis common.. A ABC~A ADC

@ﬁ’n ZL={M} , whereXZ//LY ,if XM=9 em., YM=15 cm. z

and ZL= 36 cm. Find the length of : ZM - <
Proof [ >

Y -

- £
0 J XYZ is a triangle in which XY= 14 cm. , XZ= 21 em. L€ XY , where XL= 5.6 cm. and
@

Me XZwhere XM= 8.4 cm. Prove that:LM//YZ, % X
o

Proof 1
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@HCD is a quadrilatral , its diagonals are infersected at E If AE=6cm. , BE=13 cm.

s EC= 10 em. and ED= 7.8 cm. Prove that: ABCD is atrapezium.
Proof

@BL is a triangle , D€ AB , E€ AC, whamgg g‘E:

draw DCthen from B draw BG / /DCand intersect ACat G
Prove that: AC* = AE -AG
Proof |

&
m'is aquadrilateral , E€ ACdraw EF//CBto intersect AB at F,
draw EN//CD to intersect ADat N Prove that : FN//BD
Proof |
' .

@\BL is a triangle , D& BC, wherep 2= Jand E€ AD , whereh o= 3

CE is drawn to
intersect ABat X DY / f(f'(and intersects ABat Y Prove that:AX= BY

e B /oy » AE_AX_ 3
Proofin A ADY : -7 EX//DY .-, f5={8=1(1)

Inﬂ.BF o m;;cw — B"_er 12 "‘x B" Ax_m'

N Y
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m Talis' Theorem >
Ghaurarn [2] )

Given several coplanar parallel lines and two transversals , then the lengths of the

comesponding segments on the transversals are proportional °

In the opposite two figures:

IfL;//Ls/ /Ls/ /Lsand M, M are two transversals

AB_BC_CD_AC
AB  BC CD AC

In the following the Proof of the theorem - — :/ &:

L 4

,then

L 4

Given "L1 [/ /L] /Land M, M are two transversals to them
RT.P. AB:BC:CD=AB :BC :CD

Constdiw \F;' f/ M and intersects Lyat E

LaatF, BY 1/ Mand intersects Laat X , Lt Y

Proof'” AA'//EB ,AE//AB

S AEBAisa parallelogram ., then AE= A B
Similarly: EF=BC ,BX=BC, XY= CDInA ACF: "’ BE//CF

. AB_AE AB_AB AB BC,
S BC= i Then: g <= BC’AB= exchangathamaﬂns] (1)

BC BC BC_CD
CD Cp’BC CD
. AB BC (D, L L R
.l<mm 14, 2we get : AB-BC-CD" AB:BC:CD=AB:BC:CD .

ln thapreviuus ﬁgure nutjcathat AR R R

AC AC AC AC BD BD
B s P et Y Ve T

Similarfy ABDY : ",

(exchange the means) (2)
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L DL Ll L L

lwn "speﬂal Cases .*
O‘l If the two lines M and M intersect at the point A

and BB lIF( thenﬂ— ﬁ.and conversely

AB_ AB

fAC= AC" , thenBB'//CC

all.s'ipecm'l theorem:

If the lengths of segments on the transversals are equal , then the lengths of the

segments on any other transversal will be also equal. ) hoa ;"’1 +
In the opposite figure: / | L
I Lo/ Lo/ [La/ L. s
: o
M and M are two transversals T ILLC T »
and if AB=BC=CD, thenAB= Ch.LD | "
L 9
Lbeis€)2 | OnTalis'theorem
the opposite figure: MM
L/ /Lo Lo/ /L, s /"" F—
M, M are two transversals , L 7 2
If AB=1.6 cm. , BC=2.4 em., Lz 4 . -
YZ=3.6 cm. ,ZN=4.8 cm. ,4%&‘ ' 1B
Calculate the length of each of : XY and CD !
Proof |

Scanned by CamScanner



0 2In the opposite figure:
If :AB//DE//FX .AD=6 cm. ,EX=4 cm. , FC=7.5 cm.
CX= 5 c¢m. Find the length of each of : DF , BE
Proof |

@! the opposite figure:

AD//BE/ /Fc,ACn DF={G} ,.DE=7 cm. EG=3 cm.,
GC= 6 cm. , BG= 4.8 cm. Find the length of each of : GF, AG

Proof

011 the opposite fifure

ABn (D={ M JE€ MB, Fe MDand AC//FE/ /DB
Find :1The length of AF2The length of AM
Proof |

-

k-
@hn (D={ E},Xe AB, Ye (Dand XY //BD//AC
Prove that :AXxED= CY xEB
Proof 1
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‘Lesson @ Angle bisectors and proportional parts :
Theorem [3]
TheBisectors of the interior or exterior angle of a triangle at any vertex divides the opposite

base of the triangle internally or externally into two parts, the ratio of their lengths is equall ta

the ratio of the lengths of the other two sides of the triangle.

Figure 2 D B

Figure 1
(}h’enA‘C is a triangle, ADbisects2 BAC internally in fig.1and externally in fig.2

BD _AB
RI.PDC™AC

ConstDfaw CE//AD and intersect BA at E

Proof'; ADbisects 2 BAC . 2 1= 22

' CE// AD., £ 1= £ 4 altemate angles, £ 3= £ 2 (coresponding angles)

e LlE L2 L23=24 - AE= AC 1
iy i DD AR o .BD_AB
| - CGE//ADL =3 [ 2from land 2 DC= AC(Q'F'D']
=
rlmpurl'.ul Remarks \'i
|<>ln the opposite figure:
If AD , AE are the bisectors of the angle A and the exterior C o b

angle of A ABC at A respncﬁi'ely,lhﬁn.gg— ig s gg: ig o Eg: g“%

** The base BCis divided intermally at D , extermally at E by the same ratio AB :AC ang

We notice that :the two bisectors ADand AEare perpendicular. i.e. :m< DAE= 90"
o )

O
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ZIT ADDbisects Z BAC and intersects BC at D, then D taks one of the following :
A A

C D B C D B

If AB >AC, then BD >DC IfAB=AC, thenBD=DC | If AB <AC, then BD<DC
i.e. D is nearer to C thanto B i.4. D is equidistant from  i.e. INis nearer to B
each of B and Cthan to C

- — -
Of AEbisects the exterorangle of AABC at A,where EEBC then E takes one of
the following:
E A
. T A
A /Q
E C B C B C B
If AB >AC, then BE>EC| IfAB=AC, then A-E,-*‘,FB_(_‘ If AB <AC, then BE <EC
ie.E€BCieE€ CB
( Find the length of the interior and the exterior bisectors of an angle of a trangle |
é well-known Problent
ra
‘ If ADbisects £ A in A ABClnternally and intersects BC at D then: AD=/ABxA C-BDxDC
GivenAfCis a triangle, ADbisects 2 BA Cinternally, ADn BC ={D} A
RT.PAD= ./ ABxAC-BDxDC
Const.Dfaw a circle passes through the vertices of C .

A ABC and intersects ADat E , draw BE
Proof “{ m £ CAD=m« EABgivenm2 E=m( 2 C)(inscribed angles subtended by AB)

%= ’tg . ADXAE= ABXAC.. ADXAD+DE= ABXA C

. (AD)*=AB X AC—AD X DE ", (AD)"= AB XAC —BD XDC , AD=_/ABxA C-BDxDC
S
Noticethat: )

A
In the opposite figure: 7\
If AEbisects 2 BAC extermally and intersects BCat E ,
E C ]

then: AE= ./ BEXEC-ABxAC
H.W.Page 172 No. (7) and Page 174 No. (20)

s AACD~AAEB, then:
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_.EXE"E*SE-‘@ On angie bisectors and proportional parts -

@BC is a triangle in which AB=4 cm. , BC=6 cm. , draw BD
bisects £ ABC and inersects ACat D, if AD= 2.4 cm.
Find the length of : AC

Proof

@ ABC is a triangle in which AB=8cm. ,AC=6cm. ,BC=7 cm.

ADbisects £ BA C and intersects BCat DFind the length of: DB, DC
L
Proof

@BL‘ is a triangle , its Perimeteris 27 e lﬂ}hism:tw Z B and
intersects ACat D If AD= 4 cm. and CD=5 cm. ,

find the length of : AB , BCand BD

Proof 1

QEC is right — angled triangle at B , draw ADbisects 2 A and intersects
BCat D If the length of BDequals 24 cm. ,BA :AC=3:5
Find the Perimeter of A ABC

[

ydﬂ
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&BC is a triangle in whichAB=3cm. ,BC=7cm. , CA=6 cm. , ADbisects £ A and

intersects BCat D , AEbisects the exteriorangleOf the triangle at A and intersects (B at E

(1) Prove that : ABis a median in the triangle ACE
(2) Find the ratio of the area of A ADE to the area of A ACE

CE_AC_6_ .
“FR=AB= 3~ =2 C t:m.]} B I

- CE=2EB .. (B= BE ., B is midpoint of CE,", ABis a median ofA ACE(Firstreq.)
BDHAC!I HD+DLJB£3
DC AC 6 2' DC " 2°DC

5 DC= J4/3BD= 7-14/3=7/3 BE= Tem. JED= 7/347=28/3, EC = 14cm.

2. The affea of (AADE) The area of(AACE)= ED/CE= 28/3/14= 2/3{(second req.)

(Lesson (@)  Follow: bisectors and proportional parts D

.iliilliil‘llil LEELE LR L LR E L AL R RN ET] ]

'Lunverse of theorem(3]
ln the uppualte two figu.ma :
A A

Proof*,’ AF bisects £ BAF

. ADbisects 2 BAC.".

:=:|-=
|

C D B D C
Figure 1 Figure 2

BD_ BA

¥ D € BCfigure 1such that:If P*e BC, D €BCtigure 2 such that &~ ‘DC- AC

BD_BA
DC_ AC’ then ADbisects 2 BAC,thenADbisects the exteriorangle ofAABC at A

| Fact
|- The bisectors of angles of a tiangle are concunent.

In the opposite figure: A

/N

i N
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AM . BMand(Mare concument at the point M

:Exercise

O\BL‘ is a triangle , in which AB=6 cm. , BC=4 cm. ,
CA= 3.6 em. , D€ BCsuch that CD=6 cm. ,

Prove that : ADbisects the exteriorangle of A ABC at A.
Proof

“On converse of theorem (3)

L e E T P R TN N Tl

@ﬂcn e, = s [y oy gy T ey gy
(D=6 cm., AD=4 cm. , AE bisects £ A , intersects BD at E-
(1) Find the value of the ratio BE'ED
(2) Prove that : CEbisects 2 BCD
Proof !

Z§H(TD is a quadrilateral in which AB= 18 cm. , BC= 12 em.

E€ AD, where2 AE= 3 ED , draw EF//DCand intersects ACat F.
Prove that : BFbisects 2 ABC
Proof 1

D C

S

A 18cm. |

@n the opposite figure:

ED//XY// BC,
and ADxBX= ACxEX ,
Prove that : AY bisects £« CAD
Proof
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@wn circles M and N touch externally at A |, a straight line

is dmawn pamllel to MN and intersects the circle M at B, C and

the circle N at D, E respectively. If BMn EN={ F} ,

Prove that : AFbisects 2 MFN

. BM_EN MA AN . MA_MF
Pusel Iy A 2N/ 5 g ey IR MAA, O - e W
. FAbiskets 2 MFN HW.P. 1&3»0,{3.}:.& 183-Notu-(10),¢12) R, 486 NOSAZ2IABB). v 121 vesesees”

Lesson @ Applications of proportionality in the circle )
Power of a point with rypecl to a circle

Powerof the point A with respectto the circle M in which , the length of its radius ris 1
the real number Py,( A)where :PyA = (AM)-r* |
we can expect the position of point A with respect to the circle M if:

A

PyA>0 then A lies owtside the circle.
Py;A= 0 then A lies on the circle.
PuA <0 then A lies insid the circle.

If point A lies outside the circle M
Then : PyA= AM"r’

C M B R &
= AM-rAM+r
- ’ |

= ABxAC= AD
.. length of the tangent drawn from A to circle M= ./ Py(A)

F " Ty
\Noticethat: )
In the opposite ligure :

If point A lies outside the circle , ACintersects the circle at B , C
Then <|:'u[ A)= ABxXAC
And this can be concluded from the previous not , where :

P,;A= (AD)*where ADis tangent to the circle M at D
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. (ADy=ABXAC . P,A=ABXAC

Nutai.'i:'

If point A lies inside the circle M, then :
P, A= AM*-r

= AM-rAM+r
= -r-rAMAM+r=-ABxAC

A lies inside circle M , then: \

\ PyA=ABXAC=ABXAC= (AD)*Py= -ABXAC= -ABXAC r.
Imporina Note :

The set of points which have the same power with respect to two distinet circles is
called the principle axis of the two circles.
If : Py A= PyAthen A lies on the principle axis of the two circles M and N.

For example
Then ABis the principle axis of the two circles M and N
| decant , langent and measures ol angles ]

e measure of an angle formed by a secant and a tangent or two tangents
drawn from a point outside a circle is equal to half the positive difference
of the measures of the intercepted arcs.

*» First case:Infersection of a sectant and a tangent o a circle Y
GivenABis a tangent to the circle at B, ADn the circle M= {C, D}
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RT.P.m 2 A== [m BD-m (BC) /

A B

| et

ConstDraw BC , BD
Proof*,” 2 BCD is an exterior angle of A ABC
Somi BCD=m<£ A+m £ ABC. . m £ A=m £ BCD-m £ ABC

< BCD is an inscribed angle S.m 2 BCD= %m {Bb}
%" 2 ABC is a tangency angle S o2 AH(‘=%m BC
" L. e Loy L 0 By
S.m LA =5m BD-im BC= 5[ m BD-m BC]( Q.E.D.)

e Second case Intersection of two tangents to a circle
GivenAB , ACtwo tangents to the circle M at B and C

RT.Pm <2 A -—[mBXC—m( BC))

Const.Ipraw BC
Proofl*.” £ BCD is an exterior angle of A ABC
Ssm L B(D=m £A+m L2 B m £ A=m £ B(D-m(<£ B)

Z BCD is a tangency angle Sme BOD = é m( BXC)
“' £ Bis atangency angle s L B=%mtﬂb}
“m £ A=jmBXCymBC=} [mBXC-mBC](QED)
L L

H.W. Page 195 Nu 3 Page 196 No. 10and Page 197 Nu 12

L ]
L T T N T

EXEI’CISE @n appllcauom of pmpomumllty in the clrr:le .
Omd ﬂie pﬂuernl‘ Ihe given pomt w;th respect o ﬂ‘ne l:m.le M “Iuch Ilb
radius length is r:
(1) The point A where AM= 12 cm. and r= 9 cm.
(2) The point B where BM= 8 cm. and r= 15 cm.
(3) The point C where CM=7 cm. and r=7 cm.
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-
0 Determint the position of each of the following points with respect to the circle M,

of radius length 10 cm. , then calculate the distance between each point from the
centre of the circle:1 Py, A =-36 2P, B=96 3P,,C=zenm

Proofi )] PyA=-36<0 .. A lies inside the circle.
y 2 PyA=(AM)-P -36= AMP-100 ., AM?=64 ', AM=8 cm.
2. PyB=96>0 .. B lies outside the circle.
. P, B= BM’-r 5 96= BM*-100 ./, BM’= 196 .. BM= 13 cm.

r,C=n . Clies on the circle ', MC=r= 10 cm.

If the distance between a point and the centre of a circle equals 25 cm. , and the

powerof this point with respect to the circle equals 400
Find the radius length of this circle.
Proof

0 If a point A is outside the circle M, ADis atangent to the circle at D where AD =8 ¢m.
Find the powerof point A with respect to circle M.
Proof*, Fﬂis a tangent to the circle at D -, AD=-/Py(A).", PyA= (AD)'= (8)" =64

@‘he radius length of circle M equals 31 cm. The point A lies at 23 cm. distance from
its centre. Draw the chord BCwhere A€ BC, AB= 3 AC. Calaculate : :
1 The of the chord BC

2The distance between the chord BCand the centre of the circle.

| Proof PyA= AM*-r'=23"31"= -432 ;" PyA=-ABXAC

5 -432=-ABXAC.. 432= ABXAC," AB=3 AC .. 432=3ACXAC
AC=144 /., AC= 12 cm.., AB=3x12= 36 cm..", BC=36+12=48 cm.

Let the distance between the chord BCand the centre of the circle is MD
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~where : MD L BU D is the nidpoint of BC,
“* PyD= DM"-r'= -BDXDC 5 MD*31°=-24>24
- (MD)’= 961-576= 385 ;. MD= /3852196 cm.
@'hﬁ radius length of circle N equals 8 cm. The point B lies at 12 em. distance from

its centre , draw a straight line passes through the point B and intersects the circle at
Cand D where CB= CD
Calculate the length of the chord CDand its distance from the point N. %

Proof | /J)(
M N F | 1]
\—ﬂy 4 cm.
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