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o this chapter, we will study about the congruency of
iangle, criteria for congruency of triangles,_ similarity of
riangles and some more proerties.

' Triangle

A plane (closed) figure bounded by three line Segments is
called a miangle. It is denoted by A. A

. AAMBC has

+ three vertices, namely 4, B and C.
+ three sides, namely 4B, BC and C4.
* three angles, namely 24, ZB and ZC.

 Classification of Triangle
~ 1.0n the Basis of Angles

() Right Angled Triangle A triangle in which one of
the angle measures 90° is called a right angled triangle.
The side opposite to the right angle is called its
hypotenuse and the remaining two sides are called as
perpendicular and base depending upon conditions.
Here, A4BC is a right angled triangle in which
£B=90°and AC is hypotenuse.

>

' Perpendicular -

(1) Acute Angled Triangle A triangle in which every

Fhe angles angle measure more than 0° but less than 90°
is called an acute angled triangle,

4 |

A B
Here, A4BC is an acute angled triangle,

(ii) Obtuse Angled Triangle A triangle in which one of
the angle measures more than 90° but less than 180° is

called an obtuse angled triangle.
A

B c
Here, A 4BC is an obtuse angled triangle and Z4BC is
the obtuse angle. '

2. On the Basis of Sides
() Equilateral Triangle A triangle having all sides equal
is called an equilateral triangle. Here ‘A 4BC, is an
equilateral triangle in which 4B =BC = AC.

All angles are equal and are of measures 60°,
A
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(if) Isosceles Triangle A triangle in which two sides are
equal, is called an isosccles triangle. Here, A ABC is an
isosceles triangle as 4B =AC.

« Angle opposite to equal sides are equal.

i.c. /ZB=/C
A

8 ¢
(ii7) Scalene Triangle A triangle in which all the sides arce'
of different lengths is called a scalene triangle. A AB
is a scalenc triangle as AB# BC # AC.

gle is called its

The sum of the lengths of three sides of a trian

perimeter.
So, perimeter of AABC = AB + BC + AC

;ome Term Related to a Triangle

\ltitudes The altitude of a triangle is
. line segment perpendicular drawn
rom vertex to the side opposite to it.
“he side on which the perpendicular is
«eing drawn is called its base. : = S
lere, AD, BEand FC are altitudes
irawn on BC, AC and 4B, respectively.

¢ Altitudes of a triangle are concurrent.

* The point of intersection of all the three altitudes of a

triangle is called its orthocentre.

A

Vledians A line segment joining the
nid-point of that side with! the
)pposite vertex. N

{ere, AD, BE and CF are medians.
. e g P oT . s A s
‘> The medians of a triangle are
concurrent, B D C

-+ The point of intersection of all the three medians of a
triangle is called its centroid. It is denoted by G.
+ Centroid divides the median in the ratio 2 : 1.
‘ncentre of a ‘Triangle The point of intersection of all
he three angle bisector of a triangle is called its incentre.

T o s TR
'+ The circle with centre I is called as

caﬂcd as iri;ﬁdius"dgndtéd by'r’ AR PN

incircle and radius is . -

CDS Pathfingg,

’
The point of intersectig,, .
‘

: Triangle _ ‘
Circumcentre of 2 gl ¢ the sides of a triang), a
)

the pcrpcndicular bisectors ©
called its circumcentre.

Circle through it passing t

circumcircle. Radius of circum

denoted by R

Some important R
. Angle opposite to tWO equ

hrough A,BandC s c;d]e
circle is called Circumfadiu!

esults of a Triang|e

al sides of an 1sosceles triang), |

are equal.
. If two an
opposite t0 them
. If two sides of a triangl :
has greater angle opposite to 1t.

gles of 2 triangle are equal, then the e |

are also equal.
e are unequal, then the longer Side

opposite to it.
. The sum of the angles of a triangle is 180°.
If a side of a triangle is produced, then the exterior ang], |
so formed is equal to the sum of the two interi,
opposite angles.
« An exterior angle of a triangle is greater than either of

the interior opposite angles.
+ The internal bisector of one base angle and the extery
bisector of the other is equal to one half of the vertic

angle.

.AE=1.£A
2:

Here,

* The side BC of A ABC is produced to D. The bisector of
- ZA meets BC in L . Then, ZABC + ZACD =2 ZALC.

A

In a triangle, the greater angle has the longer g4, | -

: FR T <

* In a2 AABC the bisector of ZB and ZC intersect adf

other at a point O.

Scanned by CamScanner

7




e S e R |
=

Triangles
S Triang ”

. Tn 4 0BC, the side 4B and AC are produced (5 p and
Q respectively. The bisectors of ZPBQ gng £QCB
if.\r’trsc(% at a point O.

. 9 B o)
Here, in A ABC
P AB+ AC > BC

A
c
0
Then, £BOC =90°-1 ZA AB + BC > 4C
: E BC + AC > 4B

* The difference between any two sides of 2 triangles is less
than its third side.

VAN

Here, in A 4ABC

* The sum of an

e ou. y two sides of a triangle is greater than its
third side.

B |

+ InAABC, £B> ZC.If AN is the bisector of ZBAC and

AM L BC, then
' A

3 B M N C i AC - A4AB<BC
1 : : , BC -AC < 4B
AN BC - AB< AC
+ The bisectors of the base angles of a triangle can never « If the bisector of the vertical angle of a triangle bisects
" enclose a right angle. the base, then that triangle is an isosceles.
« A triangle is-an isosceles if and only if any two altitudes * If the altitude from one vertex of a triangle bisects the
are equal. opposite side, then the triangle is an isosceles.

‘ A * The perpendiculars drawn from the vertices of equal
angles of an isosceles triangle to the opposite sides are
equal.

B c * Median of equilateral triangle are equal.

Here, OB and OC are the bisectors of /B and ZC.. * If D is the mid-point of the hypotenuse AC of a right

: 1
L But ABO‘C £90° ' angled A ABC. Then, BD =5 AC
“ In figure, ZADC = + B+ A
o L : " ,
BC

* The sum of any two sides of a triangle is greater than
twice the median drawn to the third side.

* Perimeter of a triangle is greater than the sum of its three
medians. ‘

: ",‘If fhé.ﬂ;rec sidcé (:Jf a tfianglc be produced in order, then
- the sum of all the exterior angles so formed is 360°.

T T T Y e e ek o o g et a2 3 35 = e

G oIl = v}.:-i-"'-‘
%80 ZDAB + LEBC + LACF =360°

So, AB+BC+AC>AD+ BE +CF.
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n a A4BC, £B =90° an obtuse angle or an acute angle  Criteria for congruence of Triangles
¢s are congmcnt. if two sides ang

!
?
j}’ 266
Il

i according it
1 AC? = 4B? 2 3 = Theorem 1 Two triang] .
g 2 AB2 N BCl' i the included angle If onc n:mngl(;: dﬂe C?ua] 1o th,
! AC” > AB® + BC*, if ZB>90° corresonding sides and the included angie of oth,,
! AC? < AB* + BC?,if £ B <90° rangle, (SAS) y
i * In A ABC, if ZB is obtuse, then 2 Two triangles are c§mgrucnt~ two angle,
2 2 3 ’ Theorem . ¢ ope triangle are equal to g
: AC* =AB* + BC* +2BC - AD and the inc]udCd side © b o luded side the
: * In AABC, if ZB is acute, then corresponding tWo angles and the of the
| a other triangles. (ASA) e
' 1 les are congrucnt. three 51dc5
| Theorem 3 Two (7308 the three sid "
| ¢ triangle arc respectively equal to ta¢ €s of the
| cc:?hcr t}iungle. Then, two triangles are congruent. (SSg)
| - & | . noles are congruent. If the hypoteny
and other . d £ th
Ex. 1. The measure of angle A in the figuré  hypotenusc and the corresponding sl Et ?RHSC other
given below is triangle. Then, two triangles are congruent. )
2 A Ex. 2. In a AABC, the a_ltitudes BD and CE ar
equal and ZA _ 36°. What is the value of the /p
= ) (a) 72° (b) 84:
B . » te (C] 18° (d] 36
(b) 18° ; Sol. (a) For the ABDC and ACBEC.
(a) 54°
(c) 36° (d) None of these
' Sol. (c) Here, | is the incentre of the A ABC.
.. Bl and C/ are the bisectors 1of /B and £C, then ;
A
=90°+ = £A ey
we know that, £BIC + f | 5D - £C. BC = BC
= 108°=90°+ 5 £A _ and  £BEC = £BDC =90°
= 1 za-t08 g0 =18 Thus, ABECZABDC [by SAS ru]
o __ 360
ZA =36° £B=AC:EO—2——=72° each

Congruent Figures
The geometrical figures having the same shape and size
are known as congruent figures.

Congruent Triangles—

Two triangles are said to be congruent, if both are exactly
of same size ie. all angles and sides are equal to

din d sid 44 :
L ang.les and sides O{ othiEz _ e.g. Two circles of the same radii and two squares of the
+ Every triangle is congruent to itself ‘ same sides are congruent
A ABC =A ABC ' — ‘ i)
- If AABC = A DEF, then Similar Figures
ADEF =A ABC
The geometrical figures having the same shape but
F N . . pe M
11; A ‘ggﬁ" :3 ?JZ; amt;i1 s B: different sizes are known as similar figures.
B » F2EH ; 24 POR « The congruent figures are always similar but two similir
1 congruent triangles, corresponding parts are equal and figures need not be congruent
¢ write in short ‘CPCT’ ie. corresponding part, of e.g. Any two circles are similar, Any two rectangles att
ngruent triangles. similar. D A

)
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W Triangles

jlar Triangles

les are said to be similar to eacly other, if

ok tﬁmlg N i 3
1\\(\‘} i corresponding sides are proportiona],
!

) their corresponding angles are equal,
(

A p
- BAC QAR
Here, A4BC and APQR are similar triangles,

LA=LP, LB=LQ, LC=/R
4B_BC _AC

,“‘d PQ QR PR

Then AABC~APQR
where symbol ~ is read as, ‘is similar to’.

some Results on Similar Triangles

Theorem 1 If a line is drawn parallel to one side of 3
miangle to intersect the other two sides in distinct point,
then it divides these sides in the same ratio. It is also

called thales theorem.

A
Here, DE || BC, then e
DB EC D £
AD _4E
> 4B~ AC B ~ N\,
48 _4C
i BD EC
Theorem 2 The internal bisector of an A
angle of a triangle divides the opposite .
sides internally in the ratio of the sides
containing the angle.
Here, 4D is internal bisector of £4, then j—p

4B BD

S DE
Theorem 3 The line joining the mid-points of any two
sides of a triangle is paralle] to the third side and is half of
the third side. S

Bii it ng— ¢
Herc,lpmd Q are mid-point of 4B and AC. So,

(@}
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T 1 . .

.h(.mw;lllll‘ If wo triangles are cquiangular, then the
ratio of their corresponding sides is the same as the ratio
of the corresponding altityes,

A p

Here, A ABC ~ A PQRand 4D and P§ are altitude on BC
and QR respectively,

then BC 4D

Theorem 5 If two triangles are equiangular, then the
ratio of the corresponding sides is the same as the ratio of
the corresponding angle bisector segments,

A R
L CSAT

Here, A ABC and A RST are equiangular/similar and
4D, RP are the angle bisectors of /4 and /R.

Then, BC _4D

Theorem 6 If two triangles are equiangular, then the
ratio of the corresponding sides is the same as the ratio of
the corresponding medians.

A P

B D 0@ —"S R

Here, A ABC and A PQR are equiangular and 4D, PS are
the medians, then -

Criteria for Similarity of Two Triangles

1. AAA similarity If two angles of one triangle are
respectively equal to the corresponding two angles of
another triangle, then the two triangles are similar.

2. SSS similarity If the corresponding sides of two

triangles are proportional, then their correspf)m.img
angles are equal and hence the two triangles are similar.
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3. SAS similarity If one angle of a triangle is equal to the
t:orrcspunding angle of the orther triangle and the sides
including these angle one proportional, then the two
triangles are are similar,

4. 1 a perpendicular is drawn from the verthex of the
right angle of a right angled triangle to the hypotenuse,
then the triangles on both sides of the perpendicular
nn". similar to the original triangle and also to cach
other,

Ex. 3. If AB =47, BC =89, CA =115 then BA I8
A

B/ :
\\C

(b) 3.97

(a) 6.07
(c) 2.37 (d) None of these
Sol. (b) Since, BE s the bisector of ZABC.
AB _ AE
BC EC
47 AE
—_— .+ EC=AC-AE
a 89 115-AE [ J
= AE =397

Areas of Similar Triangles

Theorem 1 The ratio of areas of two similar triangles is
equal to the square of the ratio of their corresponding

sides.

A |
;i B - C Q . g iy [ R
Here, A ABC ~ A PQR

Area (A ABC) 4B* _BC? _AC’
Area (A PQR) PQ® QR® PR’

Theorem 2 The areas of two similar triangles is equal to
the ratio of the squares of corresponding altitudes.

Here, A ABC ~ A PQR
A P
R B::....0 c Q
: 2
Then; Area (A ABC) _AD

Area (8 PQR)  PS’

CDS Pathfing, |
1

i
:
AR | . |
Theorem 3 "The arcas of two similar triangles i i, B
t |

(he ratio of the squares of the corresponding mediy,

c o S R

0

= T

ft
B D
Here, A ABC ~A PQR,
il Avea (A ABC) _ AD? b
L et O i
then Area (b PQR)  PS*
Theorem # The arcas of two similar Br'iang]cs is cquil, |
the ratio of squarcs of the corresponding angle bisc%r
segments.
/ | \ ZB
B X c Q Y R
Here, A ABC ~ A PQR
Area (A ABC) AX?
So, here —— 5oy pv2
Area (A PQR) FY
Theorem 5 If the areas of two similar triangles are equ]

then the triangles are congruent.
or

Equal and similar triangles are congruent.
Ex. 4. In the figure given below, BC is paralle] ty

DE and DE: BC = 3:5. What is the ratio of area o |
the AABC to that of ADEA?
} A

ﬁ
B C

(@) 3:1 (b)5:3 (c)9:2
Sol. (d) - Given, DE :BC=3:5

Area of AABC _(§ RIS

Areaof ADAE \DE) 9

(d) 25:9

Ex. 5. In a given figure, QR is parallel to AB and
DR is parallel to QB. What is the number o
distinct pairs of similar triangles?
P
D
Q R

A B

(b) 2 (c) 3 ' (d) 4

(a) 1
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Sol. (d) -

. S0, Xduides ABin 17 (Y2 -1)

M Triangles

since, QR is parallel to AB,
Sok {c) APOR - AQPB
Xlso, DR is parallel to QB.
APQB -~ AQDR.
Again, DR || @B and QR || AB
ADQR ~ AAQB

Ex. 6. In the given triangle, AB is parallel to PQ,
A'P =¢, PC=b, PQ =aq, AB =x. What is the value

of a7 B g
AP ¢
ab be
- b)a+ —
(a)a+ . (b) a =
a
@b+ (@ a+
Sol, (d) In AABC and APQC,
A R

Ex. 7. In a triangle, a line XY is drawn parallel
to BC meeting AB in X and AC in Y. The area of
the AABC is 2 times the area of the A AXY. In

- what ratio X divides AB?

(a) 1:+2
(b) 42 1
(W2 -1):1
() 1:(v2 -
. Area (A ABC) AB®
Area (A AXY) ~ AXZ -
2 Area (A AXY) _ AB?
Area (A AXY) ~ AXZ

-2 AB? AB ‘
R
= AB=2AX
L0l AN B =B AX
AT B AX (2 -1)
BX ~J2-1

269

Theorem 7 The line segment joining the mid-points of
the sides of a triangle form four triangles, cach of which is
similar to the original triangle, '

Here, D, Eand F are mid-point of BC, AC and AB.
Then, here A AFE, A FBD, A EDC and A DEF is similar
to A ABC.

Here, also

1 2
Area(A DEF) DE? (5 ABJ
Area(A ABC) A4B? 4B?
So, area (A DEF) : area (A ABC)=1:4

Some Other Useful Facts

* The area of the equilateral triangle described on the side
of a square is half the area of the equilateral triangle
described on its diagonal.

* In any triangle, the sum of the square of any two sides is
equal to twice the square of half of the third side
together with twice the square of the median which
bisect the third side. :

ENg

(3] S T

B D

Here, AD is median, so
7 2
AB*+AC? =24D? +2[—;-BC)

* In a AA4BC, three times the sum of the squares of the
sides of a triangle-1s equal to four times the sum of.the

squares of the medians of the triangle.

So, in triangle, if AD, BE, FC are the medians, then
3(4B% + BC*+ AC?) =4 (AD? + BE* +CF?)
* In an equilateral A ABC, the side BC is trisected at D.

Then,
9 AD? =7 AC*?
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Pythagoras Thébren

Inan
ght angled tria
equal to the sum of tE\E]::]

i'e') AB? +Bc2 =402

the
i square of the hypotenuse is
ares on the other two sides.

A

B D o

Ex. 8. i
ot v all? tlt]he diagram given below what is the
e angles ZA, /B, ZC, 2D, ZE and £F?

A
F B
E C
D
(a) 120° (b) 180°
(c) 290° (d) 360°

- Sol. (d) Since, sum of the angles of a triangle is 180°.
In AAEC ZA+ £LC+ /E =180°

‘and In ABDF, 2B+ 2D + £F =180°

On adding the Egs. (i) and (ii), we get

LA+ £ZB+ ZC+ £D + LE + £F =180° + 180° = 360°

Ex. 9. ABC is a right angled triangle, where

/B =90° BD is drawn perpendicular to AC. It
AD =9 cm and DC =16 cm, what is the measure

of AB?
(a) 15 cm
(c) 16 cm
Sol. (a) given, in right angled AAB@irri-
... .AD=9cm, DC =16 cm A2
2 F a2 L AD xDC =9 %18 144
’ _ , 5

(1)
..(ii)

(b) 18 cm
(d) 9.5 cm

90°

N

CDS Pathfing,

¢ int on PS
Ex. 10. In a APQS, It is a poin PS suc
PR =QR and QS = RS. 1f ZRSQ =120° what ist?;'
measure of QPR? y :
(a) 30° , (b) 15
(c) 45° (d) None of these

Sol. (b) ' AS =SA
LS =5 (180"

LQRP =(180° - 30°)=150°

-120°) = 30°

7
P R 5
Hence, <£QPR= 12 (180° -150°) =15° [ PR=py
Ex. 11. ABC is an isosceles triangle in whiy
AB = AC, CH =CB and HK is parallel to BC. If
oxterior ZCAX =137¢ then what is the measure
ZHCK?
1° b) 43°
(a) 68 2 (
(c) 25 % (d) 137°
Sol. (c) -~ £CAX =137°
X

4ABC=32-(137°)
_8 o
2

- Again, BC=CH

and ' ZABC= 6815°
Therefore, ZCHB =68 1— °

2
Therefore, ZHCB = 43°
1

Hence, /£HCX =68—°-43°
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