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A triangle is a closed figure bounded by three line segments.

The adjoining figure shows a triangle ABC. The line segments

AB, BC and CA are called its sides and the angles CAB, ABC

and BCA are called its interior angles or simply the angles. The

points A, B and C are called its vertices. Usually, the triangle

ABC is written as A ABC. The three sides and the three angles 3 G
of a triangle are called its six elements.

Exterior angles of a triangle

Let ABC be a triangle and its sides BC, CA and AB be produced
to D, E and F respectively, then ZACD, ZEAB and ZFBC are
called exterior angles at C, A and B respectively. The twodnterior
angles of AABC that are opposite to the exterior LACD are
called its interior opposite angles. Thus, ZA and £ZB ‘are interior _

opposite angles of exterior ZACD. e

Notice that ZBCA and ZACD form a linear pair, ﬁ// G D
so ZBCA + ZACD = 180°. Thus, we have%

s 4

An exterior angl@diacent interior angle = 180°

Classification of triangles on the basis of sides i
(1) Scalene triangle ,/
If all the three sides of a triangle are unequal, it is called a FE e
scalene triangle. // triangle
In the adjoining figure, AB # BC # CA, so AABC is a scalene B AE=BC=CA _ C
triangle. :

(ii) Isosceles triangle

I

If any two sides of a triangle are equal, it is called an isosceles

triangle.
In the adjoining figure, AB = AC, so AABC is an isosceles Isosceles
triangle. triangle

B aAB=Ac ©
Usually, equal sides are indicated by putting marks on each

of them. A
(1i1) Equilateral triangle i

If all the three sides of a triangle are equal, it is called an

equilateral triangle.

In the adjoining figure, AB = BC = CA, so AABC is an
equilateral triangle. 5

Equailateral
triangle

AB=BC=CA C
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Classification of Triangles On the Basis of Angles

(i) Acute angled triangle

If all the three angles of a triangle are acute (less than 90°),
it is called an acute angled triangle.

In the adjoining figure, each angle is less than 90°, so AABC
is an acute angled triangle. B eachangle <90°  ©

Acute
angled friangle

(ii) Right angled triangle
If one angle of a triangle is right angle (= 90°), it is called a
right angled triangle.

In a right angled triangle, the side opposite to right angle is
called hypotenuse.

In the adjoining figure, ZB = 90°, so AABC is a right angled
triangle and side AC is the hypotenuse. B rpi= gpPi NG

Hypotenuse

(ii1) Obtuse angled triangle

If one angle of a triangle is obtuse (greater than 90°), it 1s
called an obtuse angled triangle.

In the adjoining figure, ZB is obtuse (greatef ‘than 90°), so
AABC is an obtuse angled triangle. B _psggee (€

Some terms connected with a triangle
Altitude

Perpendicular from a vertex of a triangle to the opposite side is called
an altitude of the triangle.

In the adjoining figure, AD L BC, so AD is an altitude to the side
BC.

A triangle has three altitudes.

In fact, all the altitudes pass through the same point and the point
of concurrence is called the orthocentre of the triangle.

In the adjoining figure, AD, BE and CF are the altitudes of AABC and the point H is the
orthocentre of AABC.

Median

Line joining a vertex of a triangle to the mid-point of the opposite
side is called a median of the triangle.

In the above figure, D is mid-point of BC, so AD is a median of
AABC.
A triangle has three medians.

In fact, all the medians pass through the same point and the point of concurrence is
called the centroid of the triangle.

In the above figure, AD, BE and CF are the medians of AABC and the point G 1is the
centroid of AABC.




- In the adjoining figure, ZBAI = ZIAC, so Al is the (internal)
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Incentre and incircle

Line bisecting an (interior) angle of a triangle is called the
(internal) bisector of the angle of the triangle.

bisector of ZA.
A triangle has three internal bisectors of its angles.

In fact, all the (internal) bisectors of the angles of a triangle pass

through the same point and the point of concurren%g_ is called the
incentre of the triangle.—/ ?%

In the above figure, IA, IB and IC aré the (internal) bisectors of ZA, ZB and ZC
respectively of AABC. So I is the incentre of AABC.

Moreover, incentre is the centre of a circle which touches all the sides of A ABC and this
circle is called incircle of AABC.

-,

SR

» [] - " ,.«‘t
Circumcentre and circumcircle W__nf’ iﬂc,,.-*

Line bisecting a side of a triangle’fxﬁ perpendicular to it is called
the right bisector of the side of the triangle.

In the adjoining figure, D is mid-point of BC and OD L BC, so OD
is the right bisector of the side BC.

A triangle has three right bisectors of its sides.

In fact, all right bisectors of the sides of a triangle pass’through
the same point and the point of concurrence is called the.circumcentre
of the triangle.

In the above figure, OD, OE and OF are the, right bisectors of the sides of AABC. So O
is the circumcentre of AABC.

Moreover, circumcentre is the centre of a girele which passes through the vertices of AABC
and this circle is called circumcircle of AABC.

Angles Property of a Triangle

Theorem A

The sum of angles of a triangle is 180°.
Given. A triangle ABC. ,
To prove. ZA + 4B + £ZC = 180° Vo

Construction. Produce BC to D and through C draw a line SR
CE parallel to BA. B C D

4 E

Proof.

Reasons

1. CE || BA, alt. Zs are equal
CE || BA, corres. Zs are equal
3. ZC + ZACE + £ZECD = 180° 3. BCD is a straight line, sum of angles
at a point on one side of a straight
line = 180°
4. /C + ZA + ZB = 180° 4. Using 1 and 2

Q.E.D.

2. LZECD = 4B

b




' 260 MASTERING MATHEMATICS — VIII ‘

Corollary 1
An exterior angle of a triangle = sum of its two interior opposite angles.
In the above figure, notice that ZACD is an exterior angle of A ABC
and <ZACD= ZACE + ZECD
= Z/ACD = ZA + £B.
Thus, an exterior angle = sum of its two interior opposite angles.

Corollary 2
An exterior angle of a triangle is greater than either of the two interior opposite angles.

In the above figure, ZACD = ZA + £B, therefore, ZACD being the sum of
/A and £B is greater than ZA as well as £B.

Corollary 3

If two angles of a triangle are equal to two angles of another triangle, then the third angles
of both the triangles are also equal.

(' The sum of all the three angles of a triangle is 180°.)

Isosceles triangle

In the adjoining figure, AB = AC, so AABC is an isosceles triangle. The
side BC is called base of AABC. The angles which, are opposite equal
sides are called base angles and ZA is called vertical angle. In fact, the
base angles are equal in size i.e. ZB = ZC.

B G
Theorem

If two sides of a triangle are equal, then.tle angles opposite to them are also equal.
(For proof, see example 6 page 271)
Converse is also true.

If two angles of a triangle arecequal, then the sides opposite to them are also equal.
(For proof, see example 7 page 271)

In the above figure, AC = AB, so ZB = ZC.

Conversely, if ZB = ZC then AC = AB.

. Two results are said to be the converse of each other if the ‘given’ of one is the ‘conclusion’ of
- the other and the ‘given’ of the other is the ‘conclusion’ of the first.
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Isosceles right angled triangle

In the adjoining diagram, AB = BC and /B = 90°, so AABC is an isosceles -
right angled triangle. i
As BC = AB, ZA = ZC

(angles opposite equal sides are equal) : H :

Since sum of angles of a triangle is 180°,
/A + ZC + 90° = 180°
=% ZA + 20 = 180° -90° = 90°
But <A = ZC, it follows that ZA = ZC = 45°
Hence, the angles of an isosceles right angled triangle are 45°, 45° and 90°.




Equilateral triangle
In the adjoining figure, AB = BC = CA, so AABC is an equilateral
triangle.
As BC=CA=AB, ZA= /B = £C
(angles opposite equal sides are equal)
Since sum of angles of a triangle is 180°, H
ZA + ZB + £ZC = 180°.
But ZA = /B = ZC, it follows that
ZA = /B = ZC = 60°
Thus, we have :
In an equilateral triangle, all the three angles are equal and each angle = 60°.
Converse is also true.

In a triangle, if all the three angles are equal (each = 60°) then it is an equilateral
triangle.

Calculate the measure of each lettered angle in the following figures:

| ALJ T —ID
40°
B
(/)
Solution. (i) In AABC, sum of a& = 180°, State which geometrical fact
x + 90° + 40° %180° _is used to calculate angle
= x = 180° — 90° — 40° = 50°
ZECD =x (vert. opp. 4£s)
=9 ZECD = 50° (. 2 =50%)

In A CDE, sum of angles = 180°,
50° + 96° + y = 180°

) y = 180° — 50° — 96° = 34°.
(i) In A ACD, AD = AC (given)
=y ZACD = ZADC (angles opposite equal sides are equal)
=5 ZACD = 75° (.. ZADC = 75° given)
x + 75° + 75° = 180° (sum of angles in a triangle = 180°)
=> x = 180° — 75° — 75° = 30°.

For AADE, ZADC is an exterior angle.
75° = y + 52° (exterior angle = sum of two int. opp. £s)
= y = 75° — 52° = 23°.
As BCD is a straight line, ZBCA and ZACD form linear pair.
= p + ZACD = 180°
= p+ 75°=180° (. ZACD = 75°, proved above)
= p = 180° — 75° = 105°.
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For AABC, ZABF is an exterior angle.

5 120°=2z + p (ext. Z = sum of two int. opp. £s)
=% 120° = z + 105° (. p =106
=5 z = 120° — 105° = 15°.

Using the information given in the adjoining figure,
~ find the value of x.

Solution. Join AD and produce it to E.
> For ACAD, ZCDE is an exterior angle,
/CDE = ZCAD + 30° soolE)

(ext. £ = sum of two int. opp. £s)
For ABAD, ZEDB is an exterior angle,
ZEDB = £ZDAB + 35° 2.\ T2)
(ext. £ = sum of two int. opp. £s)
On adding (i) and (i7), we get
Z/CDE + /.EDB = ZCAD + £ZDAB + 30° + 35°

= ZCDB = ZCAB + 65°

(Addition axiom of adjacent angles)
= x° = 43° + 65° (£CDB = x° and ZCAB = 43° given)
= x° = 108" =5 = 2"MIS.

From the adjoining figldxe,find the value of x.

Solution. In A ABC, BC = AC (given)
£ZBAC =«
(angles oppositetequal sides are equal) x
For A ABC, ZACD is an exterior angle B LE D
ZACD = x + x (ext. £ = sum of two int. opp. £s)

=  ZACD =2«
In A ACD, AC = AD (given)
£LADC = 2x (angles opposite equal sides are equal)
=y ZADB=2x
For A ABD, ZEAD is an exterior angle :

ZEAD = ZABD + ZADB (ext. £ = sum of two int. opp. £s)
=3 98° =x + 2x = dx = 98°
= X = [%] = 32° 40,

FEN RN From the adjoining diagram, find the value of

x. Also assign a special name to quadrilateral
ABCD.

Solution. In the given figure,
/A + ZB = 1056° + 75° = 180°.

Notice that the transversal AB cuts two lines
AD and BC such that
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ZA + /B = 180° i.e. the sum of co-interior angles = 180°, therefore, the

lines AD and BC are parallel lines.
£ZDBC = ZADB

=  ZDBC = 40°

Also BD and CE are parallel (given),

& ZBDC = %°

In A BDC, sum of angles = 180°,

.. ZBDC + ZDBC + 60° = 180°

= x° + 40° + 60° = 180°

(AD || BC, alt. Zs are equal)
(. ZADB = 40° given)

(alt. Zs are equal)

= x° = 180° — 60° — 40° = 80° == 80
Since AD and BC are parallel, ABCD is a trapezium.
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]:' _lﬂ. If the angles of a triangle are in the ratio 9 : 10 : 11, find the angles.
- 11. If the two acute angles of a right angled triangle are in the ratio 11 : 4, find these angles.
12. In a AABC, the bisectors of ZB and £C meet at the point I. Prove that ZBIC = 90° + -;- ZA.
[Hint. Since BI and CI are bisectors of £ZB and ZC respectively,
ZIBC= 5 /B and ZICB= 5 £C
In AIBC, ZIBC + ZICB + £BIC = 180°
= - B+ ZC+ /BIC=180°

= /BIC = 180°~ - (LB + £C) = 180° - - (180° - ZA)

because in AABC, ZA + ZB + £ C =180°]

13. If the exterior angles of a triangle are (3x + 5)°, (2x + 27)° and (3x — 24)°, find the value of x.
[Hint. The interior angles are 180° — (3x + 5)°, 180° — (2x + 27)° and 180° — (3x — 24)" ]

14. In an isosceles triangle, a base angle is four times its vertical angle. Find all the angles of the

15. In an isosceles triangle, the vertical angle is 15° more than each of its f
base angles. Find the angles of the triangle. $ iy
16. The ratio between the vertical angle and a base angle of an@ celes | .{f[_f . ;Sa,_-aﬁr‘
triangle is 4 : 3. Find all the angles of the triangle. | Dﬁ_-b‘—'—%\E
-
17. In the adjoining AABC, AB = AC and DE || BC. Fir 4 =
@) x (ii) v % ~BAC. | B/L\F" ) "“}:
[Hint. 2x=y—2 and 2x=x+y - 36
INEQUALITIES
Theorem R
If two sides of a triangle are unequal, then the greater side has b
greater angle opposite to it. Al 5 o
In adjoining diagram, AC = 5 cm and AB = 4 cm. As AC > AB, i
therefore, ZB > ZC (by above theorem).
Converse is also true. B o . O
If two angles of a triangle are unequal, then the greater angle has A

greater side opposite to it.

In adjoining diagram, B = 77° and £C = 54°. So £B > /C, therefore,
AC > AB.

ALY
Corollary 1 B

The sum of the lengths of any two sides of a triangle is greater than the length of the third
side.

Corollary 2

The difference between the lengths of any two sides of a triangle is less than the length of
the third side.

(Proofs of the above results are deferred to the next class.)




' 266 MASTERING MATHEMATICS - VIII ‘

E
m In the adjoining figure, ZDBA = 132° and A A 1200

Z/EAC = 120°. Show that AB > AC.

Solution. As DBC is a straight line,
132° + ZABC = 180° o

=3 ZABC = 180° — 132° = 48° g

For A ABC, ZEAC is an exterior angle D B c
120° = ZABC + £BCA (ext. Z = sum of two int. opp. £s)

= 120° = 48° + £ZBCA

= Z/BCA = 120° — 48° = 72°

Thus, we find that ZBCA > ZABC

= AB > AC. (side opposite to greater angle is greater).

I P In the adjoining diagram, AB = AC and D is any point on
BC. Prove that AB > AD.

Solution. Given AB=AC = 4B =4ZC
(angles opposite equal sides are equal)
For A ADC, ZADB is an exterior angle
ZADB = ZC + £ZDAC

(ext. Z = sum of two opp. int. Zs) SRS g
= /ADB = /B + ZDAC (.0 £C = ZB)
= Z/ADB > £B
=5 AB > AD. (side opposite to greater angle is greater)
m In the adjoining diagramsADbisects ZA. Arrange AB, BD and DC in ascending
order.
Solution. ZA + 75° + 35° = (180° é
(sum of angles 1n’a triangle = 180°)
e ZA = 180° — 75° — 35° = 70° I
Since AD bisects ZA, 750 35°
/BAD = /DAC = % . 70° = 35° B : C
ZADB = ZDAC + ZC (ext. £ = sum of two int. opp. £s)
=362 4 367 =i T

In A ABD, £BAD < ZADB < ZABD

=> BD < AB < AD . ssakL)
(side opposite to smaller angle is smaller) |

Also in A ADC, ZDAC = 35° = ZC

(sides opposite equal angles are equal)

From (i) and (ii), we get BD < AB < DC.

From the adjoining figure, prove that
(i) AB + BC + CD > DA
(ii) AB + BC + CD + DA > 2 AC
Solution. (i) In A ABC, AB + BC > AC ..(1)
(sum of lengths of two sides of a A
> length of third side) A B

Example 4.




267 ‘

InAACD ACH CD'S DA« 2) (same reason)

On adding (1) and (2), we get

AB + BC'+ AC + CD > AC + DA

= AB+BC+CD>DA. (. AC is common to both sides)
(i) In A ACD, CD + DA > AC ...(3)

On adding (1) and (3), we get

AB + BC + CD + DA > 2 AC.

1 3 1
SR R it fuy - ey RN R DR iy
ut finding/t he angles of the triang
").n?t—-;-.'-.—lfFl-r; ‘!-:;_.;: ﬁ'l. 4§ .'!-'_"Iﬁ = =
| NN e i, |
| I I
r 5 :I‘ 1 - 'I : % "L 3

-
L .
b = 8
k4 _
- "
@ il Fy
]

 o—
= =
]

.......




MASTERING MATHEMATICS - VIII ‘

. CONGRUENT TRIANGLES _

Two triangles are called congruent triangles if and only A P
if they have exactly the same shape and same size.

In the adjoining figure, two triangles ABC and PQR are
congruent. It means that the sketch of one triangle can

" be slided onto the sketch of the other, so that they fit
each other exactly. ' B c Q R

Notice that these triangles are such that
AB = PQ, BC = QR, CA =RP, ZA = £P, /B = £ZQ and £ZC = ZR.
Thus, these triangles have the same shape and same size, so they are congruent triangles.

We use the symbol = or = (read as ‘congruent to’) to indicate the congruency of
triangles.

i |

@ Congruent triangles are ‘equal in all respects’ i.e. they are exact duplicate of each other.

@ [f two triangles are congruent triangles, then any one can/be superposed on the other to cover
it exactly.

@ In congruent triangles, the sides and the angles which coincide by superposition are called
corresponding sides and corresponding angles:

@ The corresponding sides lie opposite to.thé equal angles and the corresponding angles lie
opposite to the equal sides.

In the above diagram, ZA = ZP, therefore, the corresponding sides BC and QR are equal.
Also BC = QR, therefore, the corgesponding angles A and P are equal etc.

@ The abbreviation ‘c.p.c.t.” will be used for ‘corresponding parts of congruent triangles’.

@ The order of the letters in the names of congruent triangles displays the corresponding
relationship between the two triangles.

Thus, when we write AABC = APQR, it means that A lies on P, B lies on Q and C lies on R
ie. ZA= /P, /B = Z£Q, LC = £ZR and BC = QR, CA = RP, AB = PQ.

'. Writing any other correspondence i.e. AABC = APRQ, AABC = ARPQ etc. will be
z incorrect.

Conditions for congruency of triangles

For any two triangles to be congruent, the six elements
of one triangle need not be proved equal to the
corresponding six elements of the other triangle. In fact,
the following conditions are sufficient to ensure the
congruency of two triangles.

S.S.S. (Side-Side-Side) axiom of congruency
Two triangles are congruent triangles if the three sides of one triangle are equal to the
three sides of the other triangle.
In the adjoining diagram,
AB = PQ, BC = QR and
AC = PR
A ABC = A PQR.

B C Q R
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*» S.A.S. (Side-Angle-Side) axiom of congruency A P
Two triangles are congruent triangles if two sides and /\ /\
the included angle of one triangle are equal to two sides X \

and the included angle of the other triangle.
In the adjoining diagram,
AB = PQ, BC = QR and
ZB = /Q
AABC = APQR
Note. The equality of the included angle is essential.
e A.S.A. (Angle-Side-Angle) axiom of congruency A P

Two triangles are congruent triangles if two angles and N

the included side of one triangle are equal to two angles 74 \ / \

and the included side of the other triangle. / >
A

In the adjoining diagram, /\ i [\
/B = £Q, ZC = ZR and 2 L s
BC = QR
AABC = APQR.
e A.A.S. (Angle-Angle-Side) axiom of congruency

Two triangles are congruent triangles if any two angles AA P

and a (non-included) side of one triangle are equal tg, /-‘é\

two angles and the corresponding side of the othen / \
\

—_—
L=
.
" T,
,
"

e
s SN

triangle. /< v |
In the adjoining diagram, | .. " A A R
/A = /P, /B = ZQ and : S i
BC = QR
AABC = APQR.
Note. The equality of correspoRM§ides is essential.
* R.H.S. (Right angle-Hypotenﬁ'sé-Side) axiom of congruency
A P

Two right angled triangles are congruent triangles if the |
_ hypotenuse and one side of one triangle are equal to the \\
hypotenuse and one side of the other triangle. b \

In the adjoining diagram,
/B = a right angle = ZQ, \
AC = PR and BC = QR 4
AABC = APQR. i\ i A

m State whether the adjoining triangles are A Q>
70°

congruent triangles or not.

Solution. Since the sum of angles of a triangle is W
IBOQ, 70° o el P
50 > %
In AABC and APQR
ZA = ZP (each = 60°)
ZB = £Q (each = 70°, given)
and the corresponding sides AC = PR (given).

AABC = APQR. (A.A.S. axiom of congruency)
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m State, giving reasons, whether the A P
adjoining triangles are congruent or
not.
Solution. Here we find that 4 cm 4 cm
BC = QR (each = 3 cm)
ary:_l_h AC =PR (each = 4 cm) “ x
“but-The included angles are not f——— 34 o !

eﬁu__a_;l.:_ -
" So the g*i'ven triangles ABC and PQR are not congruent.
Note. Observe that ZB = ZR (each = 60°) but £B is not included between
the given sides.

Infact, two sides of one triangle equal to two sides of the other triangle
and one angle of both triangles equal may not ensure the congruency of
two triangles.

A
In the adjoining figure, AB = AC. Prove that BM = CN.
Solution. In AABC, AB = AC (given)
/ABC = ZACB y §
(angles opposite equal sides are equal)
In ABCM and ACBN, - C
/N = ZM (each = 90°)
/ABC = ZACB (from above)
BC = BC (common)
¥ ABCM = ACBN (A.A.S. axiom of congruency)
= BM = CN. (e.p.cit.)
In the adjoiningfigure, AB = AC and AD is median of A ABC. A
Prove that
(1) ZBAD = ZCAD.
(i) AD is perpendicular to BC.
Solution. Since AD is median of A ABC, D is mid-point of BC
=5 BD = DC. B D >
In AABD and AACD
AB = AC (given)
BD = DO (from above)
AD = AD (common)
.. AABD = A ACD (S.S.S. axiom of congruency)
(1) ZBAD = ZCAD. (c.p.c.t.)
(it) ZADB = ZADC (c.p.c.t.)
But ZADB + ZADC = 180° (linear pair)

= ZADC + ZADC = 180°
= 2 ZADC = 180° = ZADC = 90°
Hence, AD is perpendicular to BC.

In the figure given on next page, AB = CD and ZABC = ZBCD. Prove that
(i) AC = BD (ii) BE = CE.




. TRIANGLES

Solution. In AABC and ADCB,
AB = CD
ZABC = ZBCD
BC = BC
A2 AABC = ADCB
(7) AC = BD

Also 4ZBAC = ZBDC
(i1) In AABE and ADCE

ZBAE = ZEDC
ZAEB = ZCED
AB = CD
5 AABE = ADCE
— BE = CE

(glven) I’;’f
(given) E f’é
(Commﬂn) /

g C
(S.A.S. axiom of congruency)

(eip.c.t.)
(c.p:c.t.)

(.. ZBAC = ZBDC, from above)
(vert. opp. £s)

(given)

(A.A.S. axiom of congruency)
(e:picitl)

In a A ABC, AB = AC. Prove that /B = £C.

Solution. From A, draw AD perpendicular to BC. A
In AABD and AACD, H
AB = AC (given) /o \
/ADB = ZADC (each = 90%"By construction) / \
AD = AD (common) , E
: AABD = AACD (R.H.Saxiom of congruency) | £ X
= ZB = ZC. . pec.t.) : D C

= L e

In a AABC, B = £C. Prove that AB = AC. "

Solution.
In AABD and AACD,
/B = ZC
ZADB = ZADC
AD = AD
& AABD = AACD
- AB = AC.

D
In the adjoining figure, ABCD is a square and ABE Roer | o
is an equilateral triangle. Prove that

(i) £EAD = ZEBC
Solution.

Given ABCD is a square and ABE is an equilateral
triangle. We know that each angle in a square = 90”
and each angle in an equilateral triangle = 60°.

From A, draw AD perpendicular to BC. ;’H\

(given) /
(each = 90°, by construction) - Iﬁ

(common)
(A.A.S. axiom of congruency)

(c.p.c.t)

(ii) DE = CE.




(i) From figure, | e
/EAD = /DAB - ZEAB = 90° — 60° = 30°
and ZEBC = ZCBA - ZEBA = 90° - 60° = 30°
/EAD = ZEBC.
(ii) In AEAD and AEBC,
EA = EB (sides of equilateral triangle)
.- AD = BC (sides of a square)
N———ZEAD = /EBC (proved in (1))
AEAD = AEBC (S.A.S. axiom of congruency)
- DE = CE. (c.p.c.t.)
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11. In the adjoining figure, AD = BD, DE || BC and FD || CE. Prove that
DE = BE.

[Hint. AADE = ADBF]

12. In the adjoining figure, ABCD is a square and EDC is an isosceles
triangle with ED = EC. Prove that AE = EB.

[Hint. ED = EC = ZEDC = ZECD
—s ZEDC + 90° = ZECD + 90°
— /EDA = ZECB = AEDA = AECB|]

“PYTHAGORAS THEOREM

In a right angled triangle, the square on the hypotenuse is equal to the sum
of the squares on the other two sides.

In the adjoining diagram, ABC is a right angled tmangle at B i.e. ZB =
90°, so that AC is its hypotenuse. |

By Pythagoras theorem, AC? = AB* + BC% g1 c
Converse is also true. A

If in a triangle, the square on the lang%st side is equal to the sum of the

squares on the other two sides, thigh the triangle is right angled and the

angle opposite to the longest side bs right angle.

In the adjoining AABC, AC is the largest side and if AC? = AB? + BC?,

then A ABC is right angled triangle at B i.e. ZB = 90°.

Note that AC is the hypotenuse. B C

m For each of the following triangles, calculate the length of the unknown side.

All measurements are in centimetres.

A L
6
1 \ P M < 7
5
B /C\ 3
B 1 C Q 13 R N
(i) (i) (iii'y
Solution. (i) In AABC, ZB = 90°, so AC is the hypotenuse.
AC? = AB? + BC? (Pythngnrns_ theorem)
=> AC? = 162 + 122 = 256 + 144 = 400 = AC = J400 = 20

Hence, the length of AC = 20 cm.
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(it) In APQR, ZP = 90°, so QR is the hypotenuse.
QR* = PQ? + PR? (Pythagoras theorem)
= PQ? = QRz — PR? = 132 — 52 = 169 — 25 = 144
=) PQ = V144 = 12.
Hence, the length of PQ = 12 cm.
(itz) In ALMN, £ZM = 90°, so LN is the hypotenuse.
LN? = ML? + MN? (Pythagoras theorem)
= MIL? = LN2 - MN?=72-32=49 -9 =40
=3 ML = 40 = 2410
Hence, the length of ML = 210 cm.

o
m In the adjoining diagram, all measurements are pe /
in centimetres. Find the value of x. 8 4
Solution. In AABD, ZADB = 90°, / b
so AB is the hypotenuse. e === > ¢
AB? = BD? + AD? (Pythagoras theorem)
— BD? = AB%2 — AD? = 172 — 8% = 289 — 64 = 225
= BD = 225 = 15

From figure, DC = BC-BD =21-15=6
In AADC, ZADC = 90°, so AC is the hypdtenuse.
AC? = AD? + DC? (Pythagoras theorem)

= 8% + 62 = 64 + 36 =400 =% AC = 100 =10
Hence, x = 10.

m In the adjoining figure,4all ‘measurements are in &
A

centimetres. Find the perinteter of the quadrilateral

ABCD.
Solution. From AABC, by Pythagoras theorem :
AC? = AB? + BC? a
= 82 + 62 =64 + 36 = 100 _ B—*l |
= AC = V100 = 10. 6

In AACD, AD = CD (given), so it is an isosceles triangle.
Since MD is perpendicular to the base AC, M is mid-point of AC.

1 1
MC=§ AC=§ el =5,
From AMCD, by Pythagoras theorem
CD2 = MD? + MC? = 122 + 5% = 144 + 25 = 169

= CD = V169 = 13.
Perimeter of quadrilateral ABCD = AB + BC + CD + DA
=(8+ 6+ 13 + 13) cm = 40 cm.

CN
In the adjoining figure, ABC is a right angled triangle \
at A. If the sides AB and AC are in the ratio 3 : 4 and -
the area of the triangle ABC is 96 cm? find the length
of the hypotenuse of the triangle. -

A B
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Solution.

Since the sides AB and AC are in the ratio 3 : 4, let the sides of the
be 3x cm and 4x cm respectively. Given that the area of AABC = 96 cm?

= —;-x3xx4x=96 N G = 06

=5 =16 = x=16 =4

. AB=3x4cm=12cm and AC =4 x4 cm = 16 cm.
As AABC is right angled at A, by Pythagoras theorem,
BC? = AB? + AC? = (12)? + (16)* = 144 + 256 = 400

=3 BC = /400 cm = 20 cm
Hence, the hypotenuse of AABC = 20 cm.







MASTERING MATHEMATICS - VIII ‘

w A triangle is a closed figure bounded by three line segments. It has three sides, three
(interior) angles and three vertices.
w In a triangle, the sum of an exterior angle and the adjacent interior angle is 180°.
w The sum of angles of a triangle 1s 180°.
w An exterior angle of a triangle is equal to the sum of its two opposite interior
angles.
w In a triangle, the angles opposite equal sides are equal.
w In a triangle, the sides opposite equal angles are equal.
= In an equilateral triangle, each (interior) angle is 60°.
w The angles of an isosceles right angled triangle are 45°, 45° .and 90°.
w Inequalities
0 If two sides of a triangle are unequal, then the greater side has greater angle
opposite to it.
g If two angles of a triangle are unequal, then the greater angle has greater side
opposite to it.
0 The sum of the lengths of any two sides of a triangle is greater than the length
of the third side.
0 The difference between the lengths of any two sides of a triangle is less than the

length of the third side.
w Two triangles are congruent if and only i@have exactly the same shape and the
same size. Q
w Tests for congruency of two tr les
g S.S.S. — three sides of one e are equal to the three sides of the other
triangle.
O S.A.S. — two sides and uded angle of one triangle are equal to two sides
and the included angle e other triangle.
O A.S.A. —two angl he included side of one triangle are equal to two angles
and the included s of the other triangle.
0 A.A.S. — two angles and a (non-included) side of one triangle are equal to two
angles and the corresponding side of the other triangle.
0o R.H.S. — the hypotenuse and a side of one right angled triangle are equal to the
hypotenuse and a side of the other right angled triangle.
w Pythagoras theorem
0 In a right angled triangle, the square on the hypotenuse is equal to the sum of
the squares on the other two sides. |
g If in a triangle, the square on the longest side is equal to the sum of the squares
on the other two sides, then the triangle is right angled and the angle opposite
to the longest side is the right angle.




l._l'll._i

angles. Find all the

o
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10. In the adjoining figure, OA bisects ZA and ZABO = ZOCA
Prove that OB = OC.
[Hint. A OAB = A OAC.]

11. In the adjoining figure, AB = AC and AD = AE. Prove that BE
= CD.

[Hint. AB = AC = AD + DB = AE + EC
= DB =EC, '." AD = AE

Also AB = AC = ZABC = ZACB]

Prove that A BCE = A CBD.

12. In the adjoining figure, AB = AC and AD = AE. Prove that
(i) ZADB = ZAEC
(ii) AABD = AACE &
(iii) BE = DC. Q
[Hint, () AD = AE = ZADE = ZAED ‘b}
Also ZADB + ZADE = 180° %\
— ZAED + ZAEC|] N

13. (a) In the figure (i) given below, al urements are in centimetres. Find the length of AD.

(b) In the figure (ii) given be @ =6 cm, BD = 3 cm and AD = BC. If ZABC = 90°, find the
length of AC.

AR P
14. In the adjoining figure, all measurements are in centlmetres .’l
Find b
(i) ED
(II) AE i RS
Hence, prove that AE? + ED? = AD’ Give the.. measure of
ZAED. e gk

il d‘mﬂal of a thombus s Sﬂ am long. If one of its
diagonal. _ R

Ablia
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