(7)
(i)
(iii)

(7)

(i)

(iif)

4.

POINTS TO REMEMBER :

Triangle. A plane figure bounded by three line segments is called a triangle. The line segments
forming a triangle are called its sides and each point, where two sides intersect, is called its vertex.

We denote a triangle by the symbol A.
Thus, a AABC has : |
three sides, namely AB, BC and CA ;

three vertices, namely A, B and C ;

three angles, namely ZBAC, ZABC and ZBCA, to be denoted
by ZA, £B and £C respectively.

A triangle has six elements, namely three sides and three angles. -

Exterior Angle of a Triangle. If a side BC of a AABC is
produced to a point D, then ZACD is called an exterior angle

at C and £B and ZA are called its interior opposite angles. B

Types of Triangles on the Basis of Sides

A
B /\C
/A\\
C » D
A .
Equilateral Triangle. A triangle having all sides equal, is
called an equilateral triangle.
In the given figure, in AABC, we have
AB = BC = CA. .
B ; &
A
B - C
A ,
: /\C

Isosceles Triangle. A triangle having any two sides equal, is
called an isosceles triangle.

In the given figure, in AABC, we have
AB = AC.

Scalene Triangle. A triangle in which all the sides are of
different lengths is called a scalene triangle.

In the given figure, in AABC, we have
AB # AC = BC.

Perimeter of a Triangle. 7he sum of the lengths of the sides of a triangle is called its perimeter.
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y
(1)

(i7)

(i)

| T'Sfpes of Triangles on the Basis of Angles

~and AB, BC are its legs.

corresponding to any side is.the length of perpendicular frnm

In the given figure, in AABC, we have AL L BC, BM L CA

Acute-Angled Triangle. A triangle in which every angle
measures more than 0° but less than 90°, is called an acute-
angled triangle.

Right-Angled Triangle. A triangle in which one of the angles
measures 90° is called a right-angled triangle or simply a
right triangle.

In a right triangle, the side opposite to the right angle is called A
its hypotenuse and the other two sides are called its legs.

In AABC, £B = 90°.
- It is a right angled triangle in which AC is the hypotenuse

Obtuse-Angled Triangle. A triangle in which one of the angles B Gib) C
measures more than 90° but less than 180°, is called an obtuse-

-angled triangle.

Thus, in an obtuse-angled triangle, one of the angles is obtuse
angle.

In AABC, we have ZABC = 120°, which is an obtuse-angle.
.. AABC is an obtuse-angled triangle.

Medians of a Triangle. The median of a triangle corresponding
to any side is the line segment joining the mid-point of that
side with the opposite vertex.

In the given figure D, E, F are the mid-points of the sides BC,
CA and AB respectively of AABC.

Thus, AD is the median corresponding to side BC ;
BE is the median corresponding to side CA ;
CF is the median corresponding to side AB.

A triangle has three medians and the medians of a triangle are concurrent, i.e., they intersect at
the same point. |

The point of intersection of the medians of a triangle is called its centroid.
In the given figure, G is the centroid of AABC. |

G divides AD intheratio 2 : 1,7i.e., AG:GD =2: 1.
Similarly, BG: GE=2:1and CG: GF=2: 1.

Altitudes of a Triangle. The altitude of a triangle

the opposite vertex to that side.

and CN L AB."
. AL is the altitude corraspondmg to s1de BC
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~ BM is the altitude corresponding to side CA ;
CN is the altitude corresponding to side AB.

A triangle has three altitudes and the altitudes of a triangle are concurrent, i.e., they intersect al
the same point.

The point of intersection of the altitudes of a triangle is called its orthocentre.
In the given figure, H is the orthocentre of AABC.

8. Some Theorems and Their Applications _
Theorem 1. The sum of the angles of a triangle is equal to two right angles.

Theorem 2. If one side of a triangle is produced, then the exterior angle so formed is equal to
the sum of its interior opposite angles.

Notes. 1. A triangle cannot have more than one right angle or obtuse angle.

2. In a right triangle, sum of two acute angle is 90°.

3. An exterior afngle of a triangle is greater than its interior opposite angle.
9, Congruency of Triangles

(i) Congruent Figures. 7wo geometrical figures, having exactly the same shape and size are known
as congruent figures.

A
(i7)’ Congruent Triangles. Two triangles are i
congruent if and only if one of them can be
made to superpose on the other, so as to cover
it exactly. " H
B C E F

Thus, congruent triangles are exactly identical.

If AABC is congruent to ADEF, we write AABC = ADEF.

This happens when AB = DE, BC = EF, AC = DF and ZA=«D, /B=ZE, ZC= LE
10. Criterion for Congruence

A D
(i) (SAS-axiom). If two triangles have two sides and
the included angle of the one equal lo the
corresponding sides and the included angle of the
B & E F

other. then the triangles are congruent.
In the given figure, in AABC and ADEF, we have : (
AB =DE, AC=DF and ZA= £D.
AABC = ADEF  [By SAS-axiom]
(i) (AAS-axiom).Iftwo triangles have two angles and A

D
a side of the one equal toesthe corresponding two ' |
angles and the corresponding side of the other, then : |
the triangles are congruent. | |
+ i
B oS o F '

In the given figure, in AABC and ADEF, we have :
£ZA=4D,  ZB=ZE
and = BC=EF
AABC = ADEF  [By AAS-axiom]
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iii) (SSS-axiom). If two triangles have three sides of
the one equal to the corresponding three sides of
the other. then the triangles are congruent.

In the given figure, in AABC and ADEF, we have :
AB =DE, BC=EF and AC=DF.
AABC = DEF [By SSS-axiom]

(iv) (RHS-axiom).In two right-angled triangles if the hypotenuse A . D
and one side of the one are equal lo the hypotenuse and the
corresponding side of the other, then the triangles are
congrientl.

In the given figure, AABC and ADEF are right-angled triangles
. in which Hyp. AC = Hyp. DF and BC = EF. :
% ABC = ADEF |By RHS-axiom]
Note. The corresponding parts of two congruent triangles are always equal. We show it by the
abbreviation ‘c.p.c.t.” which means ‘corresponding parts of congruent triangles.”
11. Isosceles Triangles.
Theorem 1. If two sides of a triangle are equal, then the angles opposite to them are also equal.
Theorem 2. (Converse of Theorem 1). If two angles of a triangle are equal, then the sides
opposite to them are also equal.
Theorem 3. If two sides of a triangle are unequal, then the greater side has greater angle opposite
to 1it. -
Theorem 4. (Converse of Theorem 3). If two angles of a triangle are unequal, then the greater
angle has greater side opposite to it.
Theorem 5. The sum of any two sides of a triangle is greater than its third side.
Theorem 6. Of all the line segments that can be drawn to a given straight line from a given point
outside it, the perpendicular is the shortest.

12. Construction of Triangles. We know that a triangle has six elements, three sides and three angles.
Therefore to construct a triangle, atleast three elements are required. |

(i) Three sides.

(if) Two sides and included angle.

(iii) Two angles and included sides. Beside these, we can also construct a triangle with given data as
given below.

(iv) Two sides and an altitude to the third side.

(v) To construct an isosceles triangle whose base and height are given.

(vi) To construct an isosceles triangle whose one altitude and vertical angle are given.

(vii) To construct an equilateral triangle whose height 1s given.

(viii) To construct a right triangle whose one side and hypotenuse 1s given,

~ (ix) To construct a triangle whose perimeter and ratio of sides are given.

~ (x) To construct a triangle whose perimeter and base angles are given.

(xi) To construct a triangle in which base, one base angle and sum of other two sides are given,

(xii) To construct a triangle whose base, one base angle and difference of other two sides are given.

B B C E = F




EXERCISE 10 (A)
Q. 1. Which of the following pairs of triangles
are congruent ?

(@) AABC and ADEF in which : BC = EF,
AC = DF and £C= £F.

(b)) AABC and APQR in which : AB = PQ),
BC=QR and ZC= ZR.

(¢) AABC and ALMN in which : LA = ZL
=90°, AB=LM, £ZC =40° and

ZM = 50°.
(d) AABC and ADEF in which :
ZB=/ZE =90°and AC = DF.
Sol. (a) In AABC and ADEF,

BC =EF
AC=DF
£LC=LF

.. AABC = ADEF

(SAS axiom of congruency)

A D
B C E =

(b) In AABC and APQR
AB = PQ
BC=QR
ZC=/R

. AABC and APQR are not congruent.

Ll

(¢) In AABC and ALMN,
LA=ZL=90°
AB =LM
ZC =40°
and ZM = 50°

In AABC,
ZA =90°and ZC = 40°
s £LB=180°- (LA + £Z0)
= 180° — (90° + 40°)
=180° - 130°
= 50°
ZB=/ZM
Hence AABC = ALMN

(AAS axiom of congruency)
(d) In AABC and ADEF

(each =50°) |(

£B=ZE (each 90°)
and AC = DF
C D
90° 90° |
]
A B E F
But this is not sufficient to prove the
congruency of triangle.
Hence AABC and ADEF are not
congruent.

Q. 2. In the given figure, P is a point in I'.he q
- 1nterior of ZABC. If PL 1L BA and PM -
L BC such that PL = PM, prove that BP
" 1s the bisector of ZABC. <




Sol. Given : P is a point in the interior of
ZABC

Q. 3.

Sol.

PL 1 BA and PM L BC and PL = PM.
To prove : BP is the bisector of ZABC
i.e. ZLBP = ZMBP

Proof : In right As BLP and BMP,

Hypotenuse BP = BP (Common)
Side PL =PM (Given)
.. ABLP = ABMP

(R.H.S. axiom of congruency)
.. ZLBP = ZMBP ({C.2C.T)

or BP is the bisector of ZABC. Q.E.D.

In the given figure, equal sides BA and
CA of AABC are produced to Q and P
respectively such that AP = AQ. Prove
that PB = QC.

Given : In AABC, BA = CA and BA
and CA are produced to P and Q
respectively such that AP = AQ. PB and
QC are produced.

To prove : PB = QC.

Proof : In AAPB and AAQC,
AP = AQ (Given)
AB = AC (Given)
ZPAB = ZQAC
| - (Vertically opposite angles)
~. AAPB = AAQC

I’Q .ﬂ. Q nv;ﬂm nr.nnnﬂﬁ'lnnmr\

Q. 4.

Sol.

Sol.

PB=QC {CPCT)

Q.E.D.

In the given figure, median AD of AABC
i1s produced. If BL and CM are
perpendiculars drawn on AD and AD
produced, prove that BL = CM.

Given : In AABC, AD is the median of
BC and it 1s produced to M.

BL and CM are perpendiculars on AD
produced.

To prove : BL = CM.
Proof : In As BLD and ACMD,
BD =CD (. D is mid-point of BC)

ZL=/ZM (each 90°)
£ZBDL = ZCDM
(Vertically opposite angles)
. ABLD = ACMD
(AAS axiom of congruency)
BL =CM (P C.T,)
| Q.E.D.

Q. 5. In the given figure, M 1s the mid-point of

AB and CD. Prove that CA = BD and
CA || BD.

C

A B
D
Given : M is mid-point of AB and CD.

CA and BD are joined.
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Q. 6.

Sol.

To prove : CA =BD and CA || BD.
Proof : In AACM and ABDM,
CM = DM and AM = BM :
{-+ M is mid-point of AB and CD}

ZAMC = £BMD
(Vertically opposite angles)
. AACM = ABDM
(SAS axiom of congruency)
~  CA=BD (C.PC.T)
and ZACM = /BDM (CPCT)

But these are alternate angles,

.. CA||BD |
Q.E.D.

In the given figure, PA L AB ; QB L AB
and PA = QB. If PQ intersects AB at M,
show that M is the mid-point of both AB
and PQ.

I .
Given : In the figure, PA 1 AB,
QB L AB and PA = QB. PQ intersects
AB at M.

To prove : M is the mid-point of AB and
PO

Proof : In AAPM and ABQM,

Z/A=/B (each 90°)
PA =QB (Given)

ZAMP = ZBMQ
(Vertically opposite angles)

AAPM ABQM

) (AAS axiom of cnngruency)
;. AM=MB (C.P.C.T)
‘and PM =MQ (. PET)
Hence M is the mld-pnmt of AB and PQ.
Q.E.D.

0.7

@)
(i)

Sol,

(i)

(i)as

Q. 8.

- Sol.

produced to D and E such that BA = AD |
.and CA =

AB is a line segment. AX and BY are
two equal line segments drawn on

opposite sides of AB such that AX || YB |
If AB and XY intersect at M, prove that ¥

AAMX = ABMY
AB and XY bisect each other at M.

Given : AB i1s a line segment.
AX || BY and XY meets AB at M and
AX = BY.

To prove : (i) AAMX = ABMY.
AB and XY bisect each other at M.
Proof : In AAMX and ABMY,

AX=BY (Given)

ZA=/B (Alternate angles)
LX =LY (Alternate angles)

;. AAMX = ABMY

(ASA axiom of congruency)
AM = MB (C.P.C.T))
and XM = MY (C.P.C.T)
Hence AB and XY bisect each other at
M. Q.E.D.

In the given figure, the sides BA and CA
of AABC have been produced to D and |
E such that BA = AD and CA = AE.
Prove that, ED || BC.

B W2 ¥ 0 -
Given : Sides BA and CA of MBC are

AR i 5
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- To prove : ED | BC.

Q.9.

Sol.

-4

B b

-
f—“li [e

Proof : In AABC and AEAD,
AB=AD (Given)
AC=AE (Given)

ZBAC = ZDAE

(Vertically opposite angles)
.. AABC = AEAD

(SAS axiom of congruency)

.. ZABC = ZADE RCERCT)

But these are alternate angles.

- ED || BC. Q.E.D.

In the given figure, the line segments AB
and CD intersect at a point M in such a
way that AM = MD and CM = MB.
Prove that, AC = BD but AC may not be
parallel to BD.

A e
1
I
I
|
i
Cc
Given : Two line segments AB and CD

intersect each other at M and AM =MD,
CM = MB.

To prove : AC=BD
But AC may not be parallel to BD.

Proof : In AAMC and ABMD,
AM = MB (Given)
CM = MD (Given)
ZAMC = ZBMD
(Vertically opposite angles)
». AAMC = ABMD
(SAS axiom of congruency)
sary-AC=BR (CPCT)
But ZACM # ZBDM
. AC may not be parallel to BD.
L Q.E.D.

Q. 10.

Sol.

If two altitudes of a triangle are equal,
prove that it is an isosceles triangle.

Given : In AABC,
BD L AC and CE L AB and BD = CE
A

B C

To prove : AABC 1s an isosceles triangle
or AB = AC

Proof : In right ACBD and BEC

Hyp. BD = CE (given)
Side BC = BC (common)
~. ACBD = ABEC (R.H.S. Axiom)

/B = £C (c.p.c.t.)
= AB'= AC

Hence A ABC is an isosceles triangle.

Q. 11. Inthe given figure /BAC=ZCDB and

/BCA = ZCBD. Prove that AB = CD,
A D

B C

Sol. Given : In the figure,

/BAC = ZCDB and ZBCA = ZCBD
To prove : AB = CD.
Proof : In AABC and ADBC,

/BAC = £ZCDB (Given)
/BCA = ZCBD (Given)
BC =BC (Common)

-. AABC = ADBC
(AAS axiom of congruency)
AB=CD (C.PC:TL.)
| Q.E.D.
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Q. 12. In the given figure : ZABD = ZEBC,
BD = BC and ZACB = ZEDB. Prove
that AB = BE.

A £

D B C

Sol. Given : In the figure,
- £LABD = ZEBC, BD = BC

and ZACB = ZEDB
To prove : AB = BE
Proof : ZABD = ZEBC
Adding ZABE both sides
ZABD + ZABE = ZABE + ZEBC
=5 /DBE = ZCBA"

(Given)

Now in AABC and AEBD,

BC =BD (Given)
ZABC = ZEBD (Proved)
ZACB = ZEDB (Given)
.. ABC = AEBD

(ASA axiom of congruency)

AB = BE (C.REC.T)

~ Q.E.D.

Q. 13. In the given figure : AY 1L ZY and
BY L XY such that AY =ZY and BY =
XY. Prove that AB = ZX,

Z

Sol. Given : In the figure,
AY 1 ZY and BY 1L XY and
also AY =ZY
and BY = XY

Q. 14.
(7)

(ii)

Sol.

(#)

To prove : AB=ZX
Proof : - BY 1 XY

and AY L ZY
S LZXYB =90° and ZAYZ = 90°
Adding ZAYX to both sides,
LZXYB + ZAYX = ZAYZ + ZAYX
=, LAYB = £ZXYZ
Now in AAYB and XYZ,
ZAYB = /XYZ (Proved)
AY=ZY (Given)
BY = XY (Given)
AAYB = AXYZ
(SAS axiom of congruency)
AB =XZ (CGRE.T)
Q.E.D.

In the given figure, ABCD is a square
and APAB i1s an equilateral triangle.

Prove that AAPD = ABPC.
Show that ZDPC = 3(0°.
P

/Y

Given : ABCD is a square and APAB is
an equilateral triangle.

To prove : (i) AAPD = ABPC

Show that ZDPC = 3(°

Proof : - APAB is an equilateral triangle
.. Its each angle = 60°

- ABCD is a square

.. Its each angle = 9(°

s ZPAD =90°+ 60° = 150°

and ZPBC =90° + 60° = 150°

(i) Now in APAD and APBC

ZPAD = /PBC (Proved)
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4
g
&

(if)

: 15.

Sol.

y == A

i . - |
U ’

© ZCAQ= /BAS
. AACQ = AABS

PA = PB
(Sides of equilateral triangle)
AD =BC
. APAD = APBC
congruency)
wPA=AD = AB
;. ZLAPD = ZADP
But ZAPD + ZADP + ZPAD = 180°
(Angles of a triangle)
= ZAPD + ZAPD + 150° =180°
= 2 ZLAPD =180°-150°=30°

= ZLAPD = 33

But ZAPB = 60°
(Angle of an equilateral triangle)
. ZDPC =60°-30° =30° \Q.E.D.
In the given figure, in AABC, ZB = 90°,
If ABPQ and ACRS are squares, prove
that : (7) AACQ = AABS (77) CQ = BS.

(Sides of a square)
~ (SAS axiom of

= 15°

P B C
Given : In the figure, in AABC,
£B =90°
ABPQ and ACRS are squares:
To prove : (i) AACQ = AABS
(@) CQ = BS.

ZCAQ =90° + ZBAC
£ZBAS =90° + ZBAC
ZCAQ = £ZBAS

Proof :
and

" (i) Now in AACQ and AABS,

AQ=AB
_AC=AS

(Sides of a square)
(Sides of a square)
(Proved)

| (SAS axiom of congruency)

Q. 16.

CQ =BS
Hence proved.

Squares ABPQ and ADRS are drawn on
the sides AB and AD of a parallelogram
ABCD. Prove that :

(CPC.T)

(i) ZSAQ = ZABC (i) SQ = AC.
R
D c
. B
: /
A B
Q P

Sol. Given : ABPQ and ADRS are squares
which are drawn on the sides of AB and
AD of parallelogram ABCD.

To prove :
(7) £SAQ = ZABC (ii) SQ = AC
Const : Join SQ and AC.

\
Q' 2
Proof : (7) Reflex ZSAQ
= /ZSAD + ZDAB + ZBAQ
=90° + ZDAB + 90°
= 180° + ZDAB
s ZSAQ =360° - (180° + LDAB)
=180° — /DAB ..()
- AB ||CD (Sides of a parallelogram)
. ZABC + ZDAB = 180°
ZABC = 180° - ZDAB
From (i) and (/)
£SAQ = LABC

.. (i)
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) Now in ASAQErd AABC.

Q. 17.

AS = AD = BC (Sides of square)
AQ=AB
ZSAQ = ZABC
- ASAQ = AABC
(SAS axiom of congruency)
SQ=AC (CECL)
Hence proved.

In the given figure, ABCD 1s a
parallelogram, E is the mid-point of BC.
DE produced meets AB produced at L.
Prove that

(i) AB = BL

(Sides of a square)
(Proved)

(i) AL =2 DC.

il
-
o

Sol.

Given : In parallelogram ABCD, E 1s
mid-point of BC. DE produced to meet

AB produced at L.

To prove : (/) AB=BL (i) AL=2DC.
Proof : - E is the mid-point of BC

.. BE=EC

(/) Now in AEBL and ABCD,

(Alternate angles)
ABEBL = ABCD
(ASA axiom of congruency)
BL =CD (C.ECT)
But AB=CD
(Opposite sides of parallelogram)
.. AB=BL IC.PCT)
(i7) Now AL = AB + BL
=AB+AB=2AB
=2CD (. AB=CD) .

BE = EC (Proved)
ZBEL = ZCED
(Vertically opposite angles)

ZEBL=2ECD

Hence pmved._

Q. 18.

Sol.

Equilateral triangles ABD and ACE are
drawn on the sides AB and AC of AABC

as shown in the figure. Prove that :
(1) £DAC = £ZEAB  (ii)) DC = BE.
D

Given : Equilateral As ABD and ACE
are on the sides AB and AC of AABC.

To prove : (i) £ZDAC = LZEAB
(i1) DC = BE
Const : Join DC, BE.

~ Proof : (i) £DAC = ZDAB + £BAC

=60° + £ZBAC )
/BAE = ZCAE + £ZBAC

= 60° + ZBAC ..(#0)
From (7) and (77)

/DAC = /BAE or £DAC = ZEAB

(#1) Now in ADAC and ABAE,

Q. 19-

ZDAC = ZBAE (Proved)

AD = AB

(Sides of equilateral triangle)
AC = AE |

(Sides of equilateral triangle)

.. ADAC = ABAE
(SAS axiom of congruency)
DC = BE (CEEd)
Hence proved.

In the given figure, ABCD is a square and
P. Q, R are points on AB, BC and CD
respectively such that AP =BQ = CR and
ZPQR =90°. Prove that :
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_{ﬂA'lr BALE

()PB=QC  (iHPQ=QR
(iif) ZQPR = 45°.

D

A

Sol. Given : ABCD is a square. P, Q and R
are points on AB, BC and CD
respectively such that AP = BQ = CR
and ZPQR =90°.

To prove : (/) PB=QC
(1) PQ =QR  (iii) ZQPR = 45°
Proof : (i) AB=BC

(Sides of a square)
and AP =BQ (Given)

Subtracting we get,

AB-AP=BC-BQ = PB=QC

In AQCR,

Ext. ZRQB = ZQCR + ZQRC

| =90°+ ZQRC ..(7)
and also ZRQB = ZPQR + ZPQB
= 90° + ZPQB i il)
From (7) and (77)
“90°+ ZQRC =90° + ZPQB
=5 ZQRC = £ZPQB
Now in APBQ and AQCR,
ZPQB = ZQRC
BQ=CR
ZPBQ = ZQCR
. APBQ = AQCR
(AAS axiom of congruency)

(Proved)
(Given)
(Each 90°)

4

. PQ=QR.

{WJ _IE'APQR,
e, 3 ZPQR = 90°
AQPR+.£QRP = 90°
But RS 0P = Z0RP
(Angles oppﬂsxtc to equal sides)

#

.. ZQPR + ZQPR = 90°
= 2 ZQPR =90°

90°

— ZQPR = : =45

Hence ZQPR = 45°
Hence proved.

Q. 20. In the given figure, ABCD 1s a square,

EF || BD and R is the mid-point of EF.
Prove that :
(/) BE=DF (i) AR bisects ZBAD
(iii) If AR is produced, it will pass through
&4

Sol. Given : In square ABCD, EF || BD and
R is the mid-point of EF. AR 1is joined.

To prove : (i) BE = DF

(i) AR bisects ZBAD

(iii) If AR is produced it will pass through C.
Const : Join BD and RC.

Proof ; (7). BD is the diagonal of square
ABCD.

A

B

.. ZABD = ZADB = 45°
BD || EF
.. ZFEC = ZABD = 45°
(Corresponding angles)
Similarly ZEFC = ZADB = 45°
£ZFEC = ZEFC
. EC =FC
(Sides opposite to equal angles)

But BC =DC (Sides of a square)
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BC-EC=DC-FC

= DE = DF
(7i) Now in AABE and AADF
AB = AD (Sides of a square)
£ZB = /D (Each = 90°)
BE = DF (Proved)
". AABE = AADF

(SAS axiom of congruency)
AE = AF (C.RCT)

. AAEF 1s an 1sosceles triangle.
"' R 1s the mid-point of base EF
. AR 1s the bisector of LZEAF.

B EER

.. AR 1s the bisector of ZBAD
. AR bisects BD at O.

. AR 1s a part of the second diagonal.

Hence 1t will also pass through C if
produced. Q.E.D.

ABCD 1s a parallelogram in which £A
and ZC are obtuse. Pomnts X and Y are
taken on diagonal BD such that ZAXD
= ZCYB =90°. Prove that : XA =YC.

(Given)

Q. 21.

Sol. Given : ABCD is a parallelogram in
which ZA and ZC are obtuse angles.
Points X and Y are taken on diagonal

BD such that ZAXD = ZCYB = 90°,
To prove : XA = YC.
Proof : In AADX and ABYC

- AD=BC

(Opposite sides of a parallelogram)
ZAXD = £ZCYB (Each =90
/ADX = ZYBC  (Alternate angles)

“AADX = ABYC
(AAS axiom of congruency)
XA=YC (C.PC.T)

Hence proved.

Q. 22. ABCD is a parallelogram. The sides AB
and AD are produced to E and F
respectively such that AB = BE and AD
= DF. Prove that ABEC = ADCFE

F'
b9
b
L
N
b
~
b
'\\C
D P <
b
LN
b3
b
b
b8
b
=3

A B E
Given : ABCD 1s a parallelogram Sides

AB and AD are produced to E and F res-
pectively such that AB=BE and AD=DEFE

To prove : ABEC = ADCEF,
Proof : - AB = BE and AD = DF
.. B and D are the mid-points of AE and

Sol.

AF respectively.

Now in ABEC and ADCEF,
BE=AB=CD (Proved)

and BC= AD = DF (Proved)

ZCBE = ZDAB = ZFDC
(Corresponding angles)
.. ABEC = ADCF
(SAS axiom of congruency)
Hence proved.

The perpendicular bisectors of the sides
of a AABC meet at I.

Prove that : IA = 1B = IC.

Q. 23.

B C
Given : In AABC, perpendicular bisec-
tors of sides BC, CA and AB intersect
each other at IA, IB and IC are joined.
To prove : IA=1B = IC. |
Proof : In AAIN and ABIN,
AN =BN '

- (Nisthe mid-point ﬂfAB)

—

Slo_l.




183

ZANI = ZBNI (Each 90°)
IN =IN (Common)
.. AAIN = ABIN
(SAS axiom of congruency)
[A=1IB wikd)
Similarly we can prove that
ABIL = ACIL .. IB=IC (i)
From (7) and (i7)

[A=IB=IC Hence proved.

EXERCISE 10 (B
Q.1. In a AABC, AB = AC and ZA = 50°,
find ZB and £C.

Sol. In AABC, ZA = 50° and
AB = AC (Given)
o LB=ZC
(Opposite angles of equal sides)
A

SOﬂ

B C
But ZA+Z4ZB+ ZC=180°
(Sum of angles of the triangle)
e R et ol B
=2 /ZB=180°-50°=130°

130°

P o & e 650

and £ZC=/ZB=065" Ans.

Q.2. In a AABC, BC = AC and £B = 64°,
find £C.

Sol. In AABC, £B =64° and BC = AC

LA=ZB  (Angles opposite to
' equal sides)

ZB=64° (given)
ZA = 64°
C

But ZA+ ZB + ZC = 180°
(Angles of a triangley
= 64°+64°+ £ZC=180°
= 128°+ ZC = 180°
= £ZC=180°-128°

. ZC=52° Ans.
Q. 3. In each of the following figures, find the
value of x :
A
40
KG
g MR L
(i)
A
B5°
X’ : 30°
B & ) D
(ii)
A
xﬂ
550 75°
B D C
(i)
Sol. (/) In AABC, AB = AC

e i3 =2 (Angles opposite to
' equal sides)

But ZA+ ZB + ZC = 180°

(Angles of a triangle)
= 40°+Z£ZB+ ZB=180°
=2 £ZB=180°-40°=140°

140 _ 700

2B 0 = £ZB=

Now ext. ZACD = ZA + ZB
= x=40°+70°=110° . Ans.

(7i) In AACD, AC=CD

S LCDA = ZCAD = 30° = ZCAD
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#

(iif)

Q. 4.

= ZCAD=3(0°

But ZCAD + ZCDA + ZACD = 180°
(Angles of a triangle)

= 30°+30°+ ZACD = 180°

= 60°+ £ZACD = 180

— /ACD = 180° - 60° = 120°

But in AABC, =

Ext. Z/ACD = ZCAB + ZABC

=5 120° =65° £ x

= x=120°-65°=55° Ans.

In AABC, AB=AC

e LB=20 (Angles opposite to

equal sides)
= LE=35355 (. £B = 50°)
In AADC,
Ext. ZADB = ZACD + £ZCAD
=3 75°=55°+x = x=75°-55"

x=20° “Ans.

In each of the following figures, find the
value-of x :

Sol. (?) In AABD, AD =BD
.. ZB=ZBAD = 50°
Again in AADC,

AD=DC

.. ZDAC=2DCA (Angles opposite
to equal sides)
(.. £ZDAC =x)

(. £B =50

=X
In AABC,
/B+ ZBAC+ £C= 18(°

(Angles of a triangle)
= /B+ £BAD + ZDAC + £C = 180°
= 50°+50°+x+x=180°
= 100°+2 x=180°
= 2 x=180°-100° = 80°

X = 83 = 40° Ans.

(ii) In AABD, BD = AD
:. ZDBA=/BAD
(Angles opposite to equal sides)
=X
Again in AADC,
AD =DC
.. ZDCA = £DAC _
(Angles opposite to equal sides)
But ZACE + ZACD = 180°
(Linear ;;ﬁir)
=  124°+ ZACD = 180°
— £ACD =180°-124° = 56°
.. ZDAC = 56°
Now in AABC,

/B+ /BAC + ZBCA = 180°
— /B + /BAD + ZDAC + £BCA = 18(°

— x+x+56°+56°=180°
= 2x+112°=180°
— 2x=180°-112°=68°
68°
X =
2
(ii7) In AABD,
AD=BD

=34°
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Q. 5.

Sol.

. £ZB=ZBAD |
(Angles opposite to equal sides
=X

“Again in AADC,

AC=DC
5. ZADC = ZACD
(Angles of opposite to equal sides)

But ZADC + ZACD + £C= 180°

(Angles in a triangle)
= /ADC + ZADC + 64° = 180°
= 2 ZADC = 180° - 64°=116°

116°

LADC = =58~

In AABD.
Ext. ZADC = £ZB + ZBAD
=X S8 =X k= 2 xi=358°

58°

e — =29% Ans.

In the given figure, BD || CE ; AC = BC,
ZABD = 20° and ZECF = 70°. Find
ZGAC.

In the figure, BD || CE, AC = BC.
ZABD = 20°, LECF = 70°
BDiCE
». ZDBC = £ECF
| (Corresponding angles)
But ZABC + ZABD = 70°
= ZABC +20°=170°
— /ABC =70°-20° = 50°
In AABC,
- AC=BC
r. ZABC=ZBAC=30°
But ZGAC + ZBAC = 180°
| (Linear pair)
— YOAC ES50°=18%0°

= /GAC =180°-50°
. ZGAC =130 Ans.

Q. 6. Inthe given figure, AB=AC; £ZA= 50"

and ZACD = 15°. Show that BC = CD.

. Given : In AABC,

AB = AC, ZA = 50° and ZACD = 15°
To prove : BC=CD
Proof : - AB=AC
. LABC=ZACB
(Angles opposite to equal sides)
But ZABC + ZACB + ZBAC = 180°
(Angles of a triangle)
— ZABC + ZABC +50° = 180°
— 2 £ABC = 180° - 50°=130°

130°

ZABC = 65°

In AADC,
Ext. £ZBDC = ZABC + £DCA
= 50°+15° = 65°
s ZABGC=ZBDC (Each 65°)
Hence BC=CD
Q.E.D.

. In the given figure, AB || CD and CA

= CE. Find the values of x, y and z.

. Inthe ﬁg'ure,

AB || CD, CA = CE
. AB || CD
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Sol.

e

;. ZBAD = ZADC (Alternate angles)
= x=363

In AACE, AC=CE

S LCAE=ZCEA = ZCEA=y

In ACDE,

Ext. ZCEA = ZECD + ZEDC

— y=32°+36° = 68°

In AACE,

£CAE + ZCEA + ZACE = 180°
(Angles of a triangle)

=5 y+y+z=180°

= 68°+68°+2z=180°

= 136° +z=180°

v z=180°= 136" = 44°
Hence x =36°, y = 68°,2=44° Ans.

. If the base of an isosceles triangle is

produced on both sides, prove that the
exterior angles so formed are equal to
each other.

Given : In AABC, AB=AC

BC is produced on both sides to D and E
respectively.

A
D B C E
To prove : ZABD = ZACE.
Proof : In AABC,
AB=AC (Given)
.. LABC=ZACB

(Angles opposite to equal sides)

Now £ZABD + ZABC = 180° 1)
(Linear pair)
Similarly, |
ZACE + ZACB = 180° f(if) -
From (7) and (i7)

ZABD + £ZABC = ZACE + ZACE

0.9

Sol.

Q. 10.

£ZABC = ZACB
ZABD = ZACE
Hence proved.

But (Proved)

In the given figure, side CA of AABC
has been produced to E. If AC = AD
= BD ; ZACD = 46" and £LBAE =x° ;
find the value of x.

ERE C

In AABC, side CA 1s produced to E
AC=AD =BD, ZACD =46°
and ZBAE =x°
In AADC,
o £LC=ZLADC = 46°
In AADB,
' AD=BD
£DAB = ZDBA
(Angles opposite to equal sides)
But Ext. ZADC = ZDAB + £ZDBA

I 46° = /DBA + ~DBA
— 2 /DBA=46°

—y  /DBA%= 43 230

Now in AABC,

Ext. /BAE = /B + £C

= x=23°+46° = 69°

Hence x = 69° Ans.

In the given figure, CA = CD = BD :

ZDBC =35° and ZDCA = x°. Find the
value of x.

A

35°
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Sol. In the figure,
CA=CD=BD
ZDBC =35° ZDCA =x°
In ADBC,
BD =CD
.. ZDBC = £ZDCB = 35°
In AACD,
CA=CD
.. ZCAD = £ZCDA
(Angles opposite to equal sides)
But ext. £ZCDA = ZDBC + ZDCB
=35°+35°=70°
A ZCAD = 7(°
But in AACD,
ZCDA + ZCAD + ZACD = 180°
(Angles of a triangle)
= 70°+70°+x°=180°
= 140° +x° = 180°
= x= 180" - 140°
. x=40° Ans.

- Q. 11. In the given figure, AABC 1s an

equilateral triangle whose base BC i1s
produced to D such that BC = CD.
Calculate :

(i) ZACD (if) ZADC.
= A

B (o]
Sol. AABC is an equilateral triangle.
L AB=BC=CA _

-BmBlerodmedtoDsmhﬂmt BC
=CD. .,
AABCmmeqmlatu'almmglc,
- ZBAC = ZABC = ZACB = 60°

@ ngqg ZACD = ZABC + £BAC
=60°+60°=120°

(if) Tn AACD,

Q. 12.

Sol.

CD=BC=AC
.. ZCDA =2ZCAD
Ext. ZACB = ZADC + ZCAD
— 60° = ZADC + ZADC
=2 ZADC

60°

b LA = 5 ="30% .Ans.

In the given figure, AB=AD ;CB=CD .
ZA =42° and ZC = 108°, find ZABC.

In the figure,
AB=AD, CB=CD,
ZA=42° ZC=108°
Join BD

A 42° 108°( »C

In AABD
AB = AD

.. ZABD = ZADB

(Angles opposite to equal sides)
But LA + ZABD + ZADB = 180°

(Sum of angles of a triangle)

= 42° + ZABD + ZABD = 180°
= 2 ZABD = 180° - 42° = 138°

AN 138

= 69° il

Again in ABCD,
CB=CD
- ZDBC= 4ZBDC
(Angles opposite to equal sides)



Q. 13.

Sol.

Q. 14.

Similarly ZDBC + £ZBDC + £ZC = 180°
= ZDBC + ZDBC + 108° = 180°

= 2 ZDBC +108° = 180°

= 2 ZDBC = 180° - 108° = 72°

/DBC = 7;

= 36° (1D

Adding (7) and (i7)

ZABD + ZDBC = 69° + 36°

=% £ZABC = 105° Ans.

In the given figure, side BA of AABC
has been produced to D such that CD
= CA and side CB has been produced to
E. If ZBAC = 106" and ZABE = 128°,
find ZBCD.

In the figure, side BC of AABC 1s
produced to D such that CD = CA and
side CB is produced to E. ZBAC =106°
and ZABE = 128°.

.+ In AACD, AC=DC
ZCAD = ZCDA
(Angles opposite to equal sides)
But ZBAC + ZCAD = 180°
(Linear pair)
= 106° + ZCAD = 180°
= ZCAD = 180° - 106° = 74°
= ZCDA =74° or £CDB = 74°
Now in ADBC,
Ext. £«DBE = ZBCD + ZCDB
=  128°=«£BCD + 74°
= «/BCD=128"-74°
=54 Ans.

In the given figure, AB = BC and
AC = CD. Show that : ZBAD : ZADB

=3: 1.

Sol.

8 4 C H

Given : In the figure,
AB =BC and AC = CD.
To prove : £BAD : ZADB=3:1
Proof : In AABC,
AB =BC
.. ZBAC = Z4ZBCA oo (TN
(Angle opposite to equal sides)
Similarly in AACD,
AC=CD
=~ ZCAD=ZCDA L)1
and ext. ZACB = ZCAD + ZCDA
= ZACB = ZCDA + ZCDA
= LACB=2 ZCDA [From (i7)]
= £LBAC=2 ZCDA [From (7)]
Adding ZCAD both sides
ZBAC+ «£ZCAD=2 £ZCDA + ZCAB
=2 Z/CDA + ZCDA
[From (77)]

/BAD =3 ZCDA
/BAD 3

= £CDA 1
= ZBAD : ZCDA=3:1 |
= /ZBAD : ZBDA =3 :1
. ZBAD : ZADB=3:1 i

Hence proved.

. Show that the perpendiculars drawn from

the extremities of the base of an isosceles
triangle to the opposite sides are equal.

. Given : In AABC, AB = AC

BD L AC and CE 1 AB
To prove : BD = CE
Proof : In ABDC and ABEC,



Q. 16.

Sol.

g B e " 189

A
E D
B C
BC = BC (Common)
ZD=ZE (Each 90°)
ZC=/ZB (.- AB = AC)
.. ABDC = ABEC

(AAS axiom of congruency)

BD = CE (C.PCT)

Hence proved.

In a AABC, AB = AC. If the bisectors of
/B and ZC meet AC and AB at points
D and E respectively, show that :

(i) ADBC = AECB
(if) BD = CE.

A

B C

Given : In AABC, AB = AC

BD and CE are the bisectors of £B and
ZC respectively.

To prove : (/) ADBC = AECB

(ii) BD = CE.
Proof : In AABC,
AB=AC (Given)
ZB=2£C
- (Angles opposite to equal sides)

But BD and CE are the bisector of £B
and ZC

5. £ZDBC=ZECB

Now in ADBC and LECB
BC =BC (Common)
ZDBC = ZECB (Proved)
£LC= /B (Proved)

(i) .. ADBC = AECB

1) BER

Q. 17.

Sol.

Q. 18.

Sol.

(ASA axiom of congruency)
BD = CE (C.ECT.)
Q.E.D.

In an isosceles triangle, prove that the
altitude from the vertex bisects the base.

Given : In AABC, AB = AC

AD 1 BC.

To prove : AD bisects BC.

Proof : In right AABD and AACD

A
B D C
Side AD =AD (Common)
Hyp. AB = AC (Given)
-. AABD = AACD
(R.H.S. axiom of congruency)
BD =DC (CP.C.T.)

‘Hence AD bisects BC.

Hence proved.

If the altitude from one vertex of a
triangle bisects the opposite side, prove
that the triangle is isosceles.

Given : In AABC, AD L BC

and BD = DC.

To prove : AABC is an isosceles

triangle. e

Proof : In AABD and AACD,
AD=AD (Common)

ZADB = ZADC (Each 90°)
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Q. 19. Inthe given figure, AD = AE and ZBAD

A AD = AE (Prove
| ZADB = ZAEC (Prove
and ZBAD = ZCAE (Give
AABD = AACE
[ (ASA axiom of congruency)
| AB=AC (C.P.CH
- : 2 Hence proved. .
BD - DC Given) o et e BE1DE L BA
.. AABD = AACD 1 DQ L CA. |
(SAS axiom of congruency) Prove that : (/) DP =DQ
AB=AC (C.PCT) (ii) AP = AQ  (iii) AD bisects ZA.
Hence AABC is an isosceles triangle. A
Hence proved.

= /CAE. Prove that : AB = AC.

A
B D C
Sol. Given : In AABC, AB = AC, D 18}
the mid-point of BC, DP L BA and
DQ LCA.
B D E C To prove : (i) DP = DQ (ii) AP = AQ
Sol. Given : In the figure, AD = AE and (i) AD bisects ZA.
ZBAD = ZCAE. Const : Join AD.
To prove: AB=AC Proof : (i) .. AB = AC
Proof : In AADE, S\ LB=ZL
AD = AE (Given) (Angles opposite to equal sides)
.. ZADE = ZAED ZBPD = £ZCQD (Each =90°)
(Angles opposite to equal sides) BD =DC - (v D 1s mid point)
But ZADE + ZADB = 180° . ABPD = ACOD
(Linear pair) (AAS axiom of congruency)
Similarly ZAED + ZAEC = 180° .. DP=DQ 1 O < omd i
.. ZADE + ZADB = ZAED + ZAEC (ii) AlsoBP=CQ (C.P.C.T)
But ZADE = ZAED (Proved) - AB =AC (Given)
ZADB = ZAEC . AB-BP=AC-CQ
Now in AABD and AACE = AP=AQ

Now in AAPD and AAQD,
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). 21.

Sol.

AD = AD (Common)

DP=DQ (Proved)

AP = AQ (Proved)
.. AAPD = AAQD

(SSS axiom of congruency)

- ZPAD = ZQAD e PC.T)
. AD is the bisector of ZA.
Hence proved.

In the given figure, AB = AC. If BO and
CO, the bisectors of £ZB and ZC
respectively meet at O and BC 1s
produced to D, prove that ZBOC =
ZACD.

A

D
Given : In AABC, AB=AC

BO and CO are the bisectors of ZB and
ZC respectively which meet at O. BC 1s
produced to D.

To prove : ZBOC = ZACD
Proof : In AABC,
AB = AC
:. ZABC = ZACB
(Angles opposite to equal sides)

- BO and CO are the bisectors of ZB
and ZC respectively.

- ZOBC=«Z0CB
(Half of equal angles)

(Given)

In AOBC,

~ ZBOC = 180° - (£OBC + ZOCB)

- =180°-2 Z0OCB
[+ £0BC = Z0CB]
= 180° ~ ZACB ..(0)

- [+OCisthe bisector of £C]

Q. 22.

Sol.

Q. 23.

But ZACD + ZACB = 18(0°
(Linear pair)
= ZACD =180°- ZACB ..(77)
From (7) and (7#/)
£BOC=ZACD
Hence proved.

Prove that the bisectors of the base angles
of an isosceles triangle are equal.

Given : In AABC, AB = AC

BD and CE are the bisectors of £ZB and
ZC respectively.

A

B C
To prove : BD = CE
Proof : In AABC,
AB=AC
', LB=ZC
(Angles opposite to equal sides)

-+ BD and CE are the bisectors of £ZB
and £C respectively.

- ZDBC = ZECB
Now in ABCD and ABCE,
BC=BC . (Common)
£ZB=/C (Proved)
ZDBC = ZECB (Proved)
.. ABCD = ABCE
(ASA axiom of congruency)
BD =CE (C.P.C-T)
Hence proved.

In the given figure, AB = AC and side
BA has been produced to D. If AE is the
bisector of ZCAD, prove that AE || BC.
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D Sol. Given : In AABC,

AD is the bisector of ZA meeting BC at
A —— D

BA is produced to E and CE || DA.

To prove : ACAE is an isosceles triangle;
Proof : In AACE, |

Ext, ZCAB = ZE + ZACE

-
B C
S ' .AABC AB = AC Gt
. — N
ol. Given :In : e - JDAC = /ACE
BA is produced to D and AE 1s the ( Al le.sI:
bisector of ZCAD. 5C5

and Z/BAD = ZE  (Corresp. angles) ¥ (
But ZBAD = ZDAC
(.- AD is the bisector)
ZACE = ZE
AE = AC
(Sides opposite to equal angles)
Hence ACAE is an isosceles triangle.

To prove : AE || BC
Proof : In AABC,
AB=AC (Given)
£ZB=/£C
(Angles opposite to equal sides)
and ext. ZCAD=«4£B+ £C -
= LCH2C=272C |\ I'v 2B = 4]

Hence proved. .
— ZLC= lA’CAD ..(0) Q. 25. In the adjoining figure, AB=AC. If DB
2 1 BC and EC L BC, prove that :
But AE is the bisector of ZCAD (i) BD = CE (if) AD = AE.
-, ZEAC = %:ZCAD D D :
From (i) and (#7)
£C=/ZEAC
- But these are alternate angles.
.. AE||BC e c
Hence proved. Sol. Given : In the figure,
Q. 24. In the given figure, AD is the internal AB = AC. DB L BC, EC L BC.
Vsara AadCBIDA UCEmcn | et
isosceles. (i) AD = AE.
i Proof : In AABC, AB = AC |
, ZABC=ZACB
| (Angles opposite to equal sides) |
Now - DB L BC and EC L BC
;‘ . BD||CE |
| .. ZABD = ZAEC

|' '

/ ‘ . 12 2 (Alterriate angle.s)-‘;*



Q. 26.

Sol.

8 Q2.

@) -
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‘Now in AABD and AACE,
AB=AC (Given)
£ZBAD = ZCAE
(Vertically opposite angles)
ZABD = ZAEC (Proved)
.. ZABD = AACE
(ASA axiom of congruency)
BD = CE E.PCT)
AD = AE (C.P.C.T.)
Hence proved.

In the given figure, AABC is an
equilateral triangle and BC is produced
to D such that BC = CD. Prove that AD
1 AB.

A

Given : AABC is an equilateral triangle
BC is produced to D such that BC = CD.

To prove : AD L AB
Proof : In AABC,

AB=AC= BC
;. LA=ZB=ZC=60°
In AACD,
Ext. ZACB = ZCAD + ZCDA
But ZCAD = ZCDA

(- CD=BC=AC)

But ZACB = 60°

.. £CAD %%I_'ACB = -;-360“= 30°

s ZBAD = ZBAC + ZCAD
= 60° +30°=90°
Hence AD L AB -

In the gi_ﬁﬁgm, AC is the bisector of

ZA. IfAB=AC, AD=CD and ZABC
?75’, find the values of x and y.

QED.

Sol. IAC is the bisector of ZA

AB = AC, AD =CD and ZABC =75°
In AABC,
AB=AC
.. ZABC=ZACB=75°
But ZBAC + ZABC + ZACB = 180°
(Angles of a triangle)
= x+75°+75°=180°
= x+150°=180°
= x=180°-150°=30°
Now in AADC,
AD=CD
/DAC = ZDCA
But AC is the bisector of ZA
. Z.DAC=ZCAB=x
. LDCA=x
Now in AADC,
Z/DAC + £ZDCA + ZADC = 180°
= x+x+y=180°
= 2x+y=180°
— 2 x30°+y=180°
= 60° +y = 180°
= y=180°-60°=120° Ans.

EXERCISE 10 (C)

(Given)

(Given)

. In APQR, ZP = 50° and £R = 70°

Name (7) the shortest side
(i7) the longest side.

. In APQR,

~ /P=50"and ZR=70°
But ZP+ ZQ+ ZR=180°
— 50°+£Q+70°=180°



Q. 2.

Sol.

P _ R
= /Q+ 120°= 180°
= £Q=180°—120° = 60°

We know that side opposite to smaller
angle is shortest and opposite to greater
angle 1s greatest (longest).

. In APQR,

.- £P = 50°, the shortest angle
.. QR 1s the shortest side

.+ LR = 70°, the greatest angle
. PQ 1s the longest side.

In ALMN, if ZM = 90°, name the longest
side of the triangle.

In ALMN, ZM = 90°

. ALMN is the right angled triangle and
in right angled triangle, the side opposite
to 90° 1s the longest. Hence LN is the
longest side.

L

90°
M N

. In the given figure, side AB of AABC is

produced to D such that BD = BC. If ZA
= 60° and £B = 50°, prove that

() AD >CD (i) AD > AC.
C

60° 50°
A Br = o D

Sol.

Given : Side AB of AABC is produced
to D such that BD = BC. ZA = 60° and
ZB = 50°.
To prove : (i) AD > CD (i7) AD > AC.
Proof : In AABC, LA =60°, ZB = 50°
s ZC=180°- (LA + £B)

= 180° — (60° + 50°)

= 180°-110°=70°
In ABCD.,
Ext. ZCBA = ZBCD + ZBDC
= ZCBA=4ZBDC+ZBDC

- (.. BD = BC)
== 50°=2 £ZBDC
ZBDC = 52 = 25°
or ZADC=25°

and ZBCD = 25°

Now ZACD = ZACB + ZBCD
=70°+ 25° = 95°

~ Now we can conclude that
(i) ~+ £ACD > ZCAB

AD>CD

(Side opposite to greater angle 1s longer)

(i7) LACD > £ZADC

Q. 4.

Sol.

s AD>AC

(Side opposite to greater angle 1s longer)

Hence proved.

In a right angled triangle. prove that
hypotenuse 1s the longest side.

Given : A right angled triangle ABC in
which ZB =90°. °

To prove : AC 1s the longest side.
A




195

- Proof : In AABC,
ZB=90°
s LA+ ZC=180°-90°=90°
In other words, we can say that
ZC</ZBand ZA< ZB
) B 2C< ZBor 2B > ZC
.. AC>AB
(Side opposite to greater angle is longer)
(i) If LZA<ZBor £ZB> ZA
s AC>AC
(Side opposite to greater angle is longer)
From (7) and (77)
AC > AB and also AC> AC
Hence AC is the longest side.
Hence proved.

- Q. 5. In the given figure, AB> AC. If BO and
CO are the bisectors of ZB and £ZC
respectively, prove that BO > CO.

A

Sol. Given : In AABC, OB and OC are the
bisectors of £B and ZC respectively and
AB > AC.

A

C
To prove : BO > CO
Proof : In AABC,
AB> AC |
M XG> 4B
(Angle opposite to longer side is greater)

Q. 6.

Sol.

Q.7.

*» OB and OC are the bisectors of £B

and ZC respectively.
. Z0CB > Z0BC
(Half of ZB and £ZC)
Now in AOBC,
ez QB> 20BC (Proved)
BO > CO

(Side opposite to greater angle is longer)

Hence proved.

[n the given figure, sides AB and AC of
AABC have been produced to D and E
respectively. If ZCBD = x® and ZBCE
=3° such that x > y, show that AB > AC.

A

B . C
//xu. 7
D E

Given : In AABC, AB and AC are
produced to D and E respectively forming
exterior angles x and y such that x > y.

To prove : AB> AC
Proof : ZABC + ZCBD = 180°

(Linear pair)
=> ZABC +x=180° i)
Similarly ZACB +y = 180° .. (i)

From (i) and (77)
LABC +x=ZACB +y
v X> Y
.. ZABC < ZACB
. AC<ABor AB> AC

(Sides opposite to greater angle is longer)

Hence proved.

In the given figure, AB = AC. Show that
AD > AB.



Sol.

Q. 8.

Sol.

A
D B C
Given : In AABC,
AB = AC

CB is produced to D and AD 1s joined.
To prove : AD > AB

Proof : Ext. ZABD > Interior opposite
£LC

and £ZB=ZC (- AB = AC)

and Ext. ZABC > its interior opposite
ZD

= LEC> LD
.. AD > AC

(Sides opposite to greater angle is longer)
Hence AD > AB (. AB = AC)
Hence proved.

In the adjoining figure, AB > AC and D
is any point on BC. Show that AB> AD.

A

B D

Given : In AABC, AC > AB and D 1s
any point on BC. AD is jomned.

To prove : AB > AD
Proof : In AADC,

Ext. ZADB > £C

But ZC> £ZB (v AB > AC)

Q. 9. Inthe adjoining figure, AC > AB and AD

is the bisector of ZA. Show that ZADC
> ZADB.

A

Sol. Given : In AABC,

Q. 10.

AC > AB

and AD is the bisector of £ZA which
meets BC at D.

To prove : ZADC > ZADB
AC > AB
ZB> £C

Proof : . (Givm)

(Angle opposite to longer side is greater)

Adding ZBAD both sides,
ZB+ ZBAD > ZC + ZBAD

= ZB+ ZBAD > ZC + ZCAD
(- AD is the bisector of £ZA)

But ZB + ZBAD = Ext. ZADC

and ZC + ZCAD = Ext. ZADB
Hence ZADC > ZADB

Hence proved.

In the adjoining figure, in AABC, O 1s
any point in its interior. Show that :
OB +0C < AB + AC.

-
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M

Q. 11.

Sol.

Q. 12.

AB + AD > BD

(Sum of two sides of a triangle
is greater than its third side)

= AB+AD> 0B+ 0D cwild)
Similarly in ACD

OD+DC>0C .. (i)
Adding (7) and (i7)

AB+0D +AD +DC> OB +0D +0C
= AB + 0D +AC > OB + 0D + OC
= AB +AC > OB + OC

Hence proved.

In AABC, D is any point on BC. Prove
that : AB+BC + AC>2 AD.
A

B b c
Given : In AABC, D is any point on BC
and AD 1is joined.
To prove : AB+BC+ AC>2 AD
Proof : In AABD,
AB +BD > AD ..(7)

(Sum of two sides of a triangle
N is greater than its third side)

Similarly in AADC
AC+DC>AD

Adding (7) and (i7)
AB+BD+DC+AC>AD+AD

— AB+BC+AC>2AD

Hence proved.

..(i)

In the adjoining figure, O is the centre of

a circle, XY is a diameter and XZ is a
chord. Prove that XY > XZ.

Sol.

Q. 13.

Sol.

Given : O is the centre of the circle
whose XY is the diameter and XZ 1s a
chord.

To prove : XY > XZ
Const : Join ZO
Proof : In AOXZ,

OX +0Z>XZ

(Sum of two sides of a triangle
is greater than its third side)

But 0X=0Z=0Y
(Radii of the same circle)
. OX+0X>XZ
ESNOX QY >XZ
2 XY =7

Hence proved.

[n the adjoining figure, PL L QR,
LQ = LS and LR > LQ, show that
PR > PQ.

Given : In APQR, PL L QR and LQ =
LS and LR > LQ

To prove : PR > PQ
Const : Join PS

P

Q L
Proof : In APQL and APSL,
PL = PL (Common)
ZPLQ = £PLS (Each 90°)
QL=LS (Given)
.. APQL = APSL
(SAS axiom of congruency)
L1 =/2 e rCT)
But in APSR,
Ext. Z2> Z3
=L XS 73 (£L2=£1)
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PR > PQ
(Sides opposite to greater angle is longer)

Hence proved.

Q. 14. In the adjoining quadrilateral ABCD, AB
1s the longest side and DC is the shortest
side. Prove that :

(7)) LC > LA (i) £D > £B

D C
A B
Sol. Given : In quadrilateral ABCD,

AB 1s the longest side and CD 1is the
shortest side.

D _C
A :
To prove :
(7). 2C = ZA. Syl =S7 1
Construction : Jom AC,
Proof. In AABC, AB-is the longest side
AB > BC
ZACB > ZCAB oD

(Angle opposite to greater side 1s greater)

Similarly, in AACD,
CD < AD

- ZLCAD < ZDCA
= o8 ZDCA > ZCAD .. (77)
Joining (7) and (77),
/ACB + ZDCA > ZCAB + ZCAD
=2y L0 > LA
Similarly by joining BD, we can prove
that £D > £B
Hence proved.

Q. 15. Can you construct a AABC in which
AB=5cm,BC=4cmand AC=9cm?

Give reason.
Sol. In AABC,

. @516,

Sol.

AB=5cm, BC=4cm, AC=9

We know that in a triangle, it is possible
to construct if sum of any two sides 1s
greater than its third side. Here

AB+BC=5+4cm=9cm
and AC=9cm

AB +BC=AC
or AB+BC¥» AC

Hence it i1s not possible to construct this
triangle.

In the adjoining figure, AABC is
equilateral and D 1s any point on AC.
Prove that

()BD>AD (i/)BD > DC.

B ! C
Given : In AABC, AB=BC=CA
D 1s any point on AC and BD is joined.
To prove : (/) BD > AD (i7)) BD > DC.
Proof : In AABC,

AB=BC=CD

(Sides of equilateral triangle)

o LA= 4B =£C=60°
s £B=ZABD + ZCBD

or ZABD < /B and ZCBD < £C
In AABD, !
wZABD </ZB = ZABD < ZA
(. LA = £B)
= ZA>ZABD
BD > AD
(Sides opposite to greater angle is longer)
Similarly in ACBD
ZCBD < /B
= ZCBD <2 (o £B=«£C)
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Q:.17.

Sol.

Q. 18.

Sol.

Sy 4 L LE8D To prove : (/) BE = ED
' BD > DC (if) ZABD > ZBCA
Hence proved. Proof : In AABE and AADE,
If O 1s any point inside AABC, prove that AR= AR (Common)
S o ZBAE = ZDAE
Given : In AABC, O is any point BO _ _
and CO are joined. (" AE 1s the bisector of ZA)
A AB = AD (Given)
.. AABE = AADE
(SAS axiom of congruency)
BE = ED (CEC.TE)
and ZABE = ZADE [ PC )
= ZABD = ZADB
To prove : ZBOC > ZA Now jn ABCD,
Const : Join AO and produce it to meet Ext. ZBDA > ZBCA
BC at D. = ZABD > 4ZBCA
Proof : In AAOB, (. ZABD = ZADB)
Ext. ZBOD > ZBAD wi{7) Hefice proved.
o i  Q.19. The sides AB and AC of AABC are
Ext. ZCOD > £CAQ ...(i) produced to D and E respectively and the
Adding (7) and (i7) bisectors of ZCBD and ZBCE and at O.
ZBOD + £COD > ZBAO + £CAO If AB > AC, prove that OC > OB.
= £ABOC > £ZBAC
£BOC > ZA
Hence proved.
In the given figure, AD = AB and AE
bisects ZA. Prove that :
() BE = ED (i7) £LABD > £ZBCA.
Given : In AABC, D is any point on AC _
such that AD = AB. AE is the bisector Sol. Given : In AABC, AB ﬁ“‘i‘ AC are
of ZA intersecting BD at E and meeting produced to D and E respectively. BO
BC atF | and CO are the bisectors of ZCBD
2 and ZBCE respectively meeting at O.

AB > AC.
To prove : OC> OB
Proof : In AABC, AB > AC
ZACB > ZABC
B 3 ® (Angle opposite to longer side)
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#

Q. 20.

But ZACB + ZBCE = 180°

(Linear pair)
Similarly ZABC + ZCBD = 180°
.. ZACB + £ZBCE = ZABC + £ZCBD
But ZACB > ZABC
2 LBCE <Z GBI

=5 -I—/_’BCE < -;-ACBD

2

+ OC and OB are the bisectors of angles)

= /BCO < ZCBO = £CBO>«£BCO
OC>0B
(Sides opposite to greater angles)

Hence proved.

In AABC, AB = 7:5 cm, BC = 62 cm
and AC = 54 cm. Name : (i) The least
angle (ii) The greatest angle of the
triangle.

Sol.

Q. 21.

6.2cm
In AABC,
AC is the shortest side of the triangle.
. ZB is the least angle

(Angle opposite to the smallest side)
Similarly AB is the largest side of the
triangle. .

. ZC is the greatest angle.

In the given figure, AD bisects ZA. If
/B = 60°, ZC = 40°, then arrange AB,
BD and DC in ascending order of their
lengths.

Sol. In AABC, ZB = 60°, £C = 40°

5. ZA=180°—-(£LB+ £C)
= 180° — (60°+ 40°)
= 180° = 100° = 80°

A

sou BUD 100“ 40:1

D
.- AD is the bisector of LA

80°
2
£ZC=40°, ZBAD = 40°

;. ZBAD = ZCAD = —- = 40°

Now

‘and ZCAD =40°

Now ZADB = 180° - (/B + £BAD)
=180°— (60° +40°) =180°—100° = 80°
and ZADC = 180° — (£C + £CAD)
= 180°—(40°+40°) = 180°-80°=100°
;. In AABD,
AB > BD and AB > AD
and in AACD,
DC=AD (. «£C=ZCAD =40
AB > BD and AB > DC
BD=DC< AB

EXERCISE 10 (D)

Hence proved.

. Construct a AABC in which AB =5 cm,

BC =4:6 cm and CA = 3-8 cm.

. Steps of construction :

Draw a line segment BC = 4-6 cm.
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(ii) With centre B and radius 5 cm draw an
arc.

(ii) With centre C and radius 3:8 cm draw

another arc intersecting the first arc at
A.

(iv) Join AB and AC.
Then AABC is the required triangle.

Q. 2. Construct an equilateral triangle of side
4:3 cm.

Sol. Steps of construction :
(i) Draw a line segment BC =4-3 cm.

B 2.3cm C

(77) With centres B and C and radius 4:3 cm
each, draw two arcs intersecting each
other at A.

(7ii7) Join AB and AC.
Then AABC is the required equilateral
triangle.
Q. 3. Construct a AABC in which AB = 4-5
cm, AC=3'5 cm and LBAC =75°. Draw
the bisector of £ZBAC and the

perpendicular bisector of BC to meet at
a point M. Measure ZBMC.

Sol. Steps of construction :
(i) Draw a line segment AB =45 cm.
(i) At A, construct ZBAC = 75° and cut off
AC =35 cm.
(iii) Join BC. |
| AABC 1s the required triangle.
(iv) Draw the bisector of ZBAC.

(v) Draw the perpendicular bisector of side
BC which intersects the angle bisector
at M. |

(vi) Join BM and CM.
On measuring £ZBMC, itis equal to 135°.

A 4.50m B
Q. 4. Construct a AABC in which AB =35 cm,
ZA = 45° and ZB = 60°. Draw CL L
AB. Measure the length of CL.

Sol. Steps of construction :
(/) Draw a line segment AB =5 cm.

(7i) At A, draw aray making an angle of 45°.

(7i7) AT B, draw a ray making an angle of 60°
which intersects the first ray at C.

A = B

ke

(7v) Join AC and BC. AABC is the required
triangle.

(v) From C, draw C L AB which meet AB
at L.
On measuring CL, 1t 1s 3 cm long.

Q. 5. Construct a AABC in which BC = 4-8
em, ZB = 60° and ZC =45°. Locate the

point P on the side of BC opposite to A
such that BP=CP =3 cm.

Sol. Steps of construction :

(i) Draw a line segment BC =4-8 cm.
(ii) At B, draw a ray making an angle of 60°.
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(iii) AC, draw another ray making an angle
of 45° which intersects the first ray at A.

AABC is the required triangle.

(iv) With centre B and C and radius 3 cm each
draw arcs intersecting each other at P and

(v) Join PB, PC and P'B and P'C.
P and P’ are the required points.

Q. 6. Constructa AABC in which BC S

=52 cm, £B =30° and LC = .
90°. Find the point P on AB such ‘ﬁ‘

Sol.
(7)
(77)

P is the required point which 1is
equidistant from BC and AC.

. Construct a AABC in which BC =6 cm,

ZB = 30° and ZC = 135°. Bisect £B
and ZC. Let these bisectors meet at P.
Measure distance PA.

Steps of construction :
Draw a line segment BC = 6 cm.
At B, draw a ray making an angle of 30°.

that it is equidistant from BC
and AC.

Sol. Steps of construction :
(/) Draw a line segment BC =5-2 cm.
(i) AtB, draw aray making an angle of 30°.

?

A

B 5.2cm Cc
(iii) At C, draw another ray making an angle
of 90° which intersects the first ray at A.
Then AABC is the required triangle.
(iv) Draw the bisector of ZBCA which meets
AB atP.

(7i1)

(v)

Q. 8.

Sol.
(1)
(1)
(i)

At C, draw another ray making an angle
of 135° which intersects the ray at A.

Then AABC is the required triangle.

Draw the bisectors of ZB and £ZC
intersecting each other at P.

Join PA.

Measuring PA, it 1s 12 cm
(approximately).

Construct a AABC in which BC = 4-3
cm, ZB = 60° and length of perpendicular
from vertex A to the base 1s 3-2 cm.
Measure AC. ‘

Steps of construction :
Draw a line segment BC =43 cm.
Draw a ray at B, making an angle of 60°.

Draw a perpendicular at B and cut off
BE =32 cm.
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(i) Draw a line segment AB = 6 cm.
(it) At A, draw aray making an angle of 60°

B 4.3 cm C

(iv) From E, draw a line EF parallel to BC.

(v) At B, draw a ray making an angle of 60°
which intersects EF at A.

(vi) Join AC. |

AABC is the required triangle. A 6cm B
On measuring the length of AC, it is 4 (iii) With centre B and radius 5-6 cm draw
cm long. an arc which intersects the ray at C and
Q.9. Construct a AABC in which ZB = 60°, ¢
£C = 45° and the perpendicular from A (iv) Join BC and BC".
to BC is equal to 3-4 cm. Then AABC and AABC' are the required
two triangle.

Sol. Steps of construction :

(i) Draw aline XY and take a point D on it. Q. 11. Construct an equilateral triangle whose

(ii) At D, draw a perpendicular and cut off heighit 1 43, chy;

DA =34 cm. Sol. Steps of construction :
(/) Draw aline XY and take a point D on it.

A
AR
X Y
:
- (jii) From A, draw a line EF parallel to XY. e >y
Z A dr EAB 1 to 60° :
& (v) :: 4 /F :g mcija“nﬁgal:enng X:,q:f B :ncl C (ii) At D, draw a perpendicular and cut off
respectively. | it EA:;.S e i :
. VARG I the teauired irigngle. _ iif) At awtvstoraysma ing an angle o
| | - 1sr < r,equlr' anf: i 30° on each side of AD which meet XY
| ; . 10, Construct a MBC in whic B=6 cm, at B and C respectively

=56¢ d ZCAB = 60°.
| | BC, cm = A‘ Then AABC;is the requlred equilateral
~ Sol. Steps of construction : triangle. :
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‘which base BC =51 cm and £ZB = 75°.

Sol.
(#)

(i1)

Q. 13.
Sol.
(1)

(i7)

Steps of construction :
Draw a line segment BC =51 cm.

5° Y
B 5.1cm C

At B and C, draw two rays making an
angle of 75° on each point which meet
each other at A. -

Then AABC is the required isosceles
triangle.

Construct an isosceles triangle ABC in
which base BC =5 cm and AB =4-2 cm.

Steps of construction :
Draw a line segment BC =5 cm.

With B and C as centres and 4-2 cm as
radius draw two arcs intersecting each
other at A.

B Scm C

(iii) Join AB and AC.

Construct an isosceles triangle ABC in

Then AABC is the required isosceleé
triangle. !

Q. 14. Construct an isosceles triangle whose
vertical angle is 45° and height 4-8 cm.

Sol. Steps of construction :
(/) Draw aline XY and take a point D on it.

(if) At D, draw a perpendicular and cut off.
AD =4-8 cm.

— 2

i B D c
(iii) At A, draw two rays making an angle of
10

22-2— on each side of AD which meet

XY at B and C respectively.
Then AABC is the required isosceles
-~ triangle.

Q. 15. Construct a right-angled triangle whose
hypotenuse is 5:6 cm and one side 42

cm.,
Sol. Steps of construction :
(i) Draw a line segment BC =4-2 cm.
(ii) AtB, draw aray making an angle of 90°.

A

A
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(m) With centre C and radius 5-6 cm draw (ii) Draw a semi-circle on AB as diameter.
an arc which intersects the ray at A. (ii7) Draw the perpendicular bisector of AB:
(iv) Join AC. intersecting the semi-circle at C. a
Then AABC is the required right angled (iv) Join CA and CB. |
triangle. Then AABC is the required isosceles
Q. 16. Construct an isosceles right-angled right angled triangle.
triangle whose hypotenues is 6-3 cm. Q. 17. Construct a triangle whose perimeter 1s
Sol. Steps of construction : : 18 cm and whose sides are in the ratio
(/) Draw a line segment AB = 6-3 cm. 4:2:3.

Sol. Steps of construction :

(i) Draw a line segment XY = 18 cm.
(i) Draw a ray XZ making an acute angle
4 with its downward.
45° 450
A 6.3cm B

(i) At A and B, draw two rays making an
angle of 45° on each point intersecting

each other'at C.

Then AABC is the required isosceles

right angled triangle. (iii) From XZ, cut off 4 + 2 + 3 =9 equal
Or parts.

(/) Draw a line segment AB = 6:3 cm. (iv) Mark points L, M and N on XZ such that
XL = 4 parts, LM = 2 parts and MN =3
parts.

A (v) Join NY.
(vi) Through L and M, draw LB and MC
parallel to NY intersecting XY at B and
C respectively.
(vii) B as centre and BX as radius draw an
@) arc.
g s'af‘““ & (viii) C as centre and CY as radius draw

another arc intersecting the first arc at
A.

| (ix) Join AB and AC.
| Then AABC is the required triangle.
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Q. 18. Construct a AABC whose perimeter is
- 9.5 ¢cm and base angles 45° and 60°.

Sol. Steps of construction :
(/) Draw a line segment XY =95 cm.

(ii) Draw aray at X making an angle of 45°
and another ray at Y making an angle of
60°. |

(iii) Draw the bisectors of angles at X and Y
intersecting each other at A.

(iv) Draw perpendicular bisectors of AX and
AX to intersect XY at B and C

respectively.
/‘\‘{ V‘\
\& 9.5cm =

(v) Join AB and AC.
Then AABC is the required triangle.

Q. 19. Construct a AABC whose perimeter is
12 ¢cm and the angles are in the ratio
3:4:5.

Sol. Ratioof angles=3:4:5
Let ZA=3x,ZB=4xand ZC=5x
 3x+4x+5x=180°

(Sum of angles of a triangle)

180°

=180°= x = =13
= 12x=180"= 2

. LA=3x=3x15"=45°
/B=4x=4x15"=60"
and ZC=5x=5x%x15°=75°
Steps of construction :
(/) Draw a line segment XY = 12 cm,

(ii) AtX,draw aray making an angle of 60°
and at Y, draw another ray making an
angle of 75°.

(7ii) Draw the bisectors of angles at X and Y

intersecting each other at A.

(iv) 'Draw the perpendicular bisectors of AX

(v)

Q. 20.

Sol.
(7)
(i)

and BY intersecting XY at B and C.
Join AB and AC.
Then AABC is the required triangle.

Construct a AABC in which BC =35 cm,
/B =60°and AB + AC =78 cm.

Steps of construction :

Draw a line segment BC =5 cm.

e S ———— . ——

A

At B, draw a ray BX making an angle of

60°.

B Sem e

(iii) Along BX, cut off BD = 7-8 cm.
- (iv) Join DC.
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Then AABC is the required triangle.
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