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UNIT 15:
PYTHAGORAS THEOREM :

Definition:
That triangle in which one angle is of 90° is called right
angle triangle. i

In AABC, mZC =90"°

AC is hypotenuse, because the side opposite to right
angle is hypotenuse.

B

A 90'(]
BC is perpendicular, because the side opposite to angle b

0 is perpendicular.

AC is the base ofithis triangle ABC. _
One of the most famous theorem in mathematics is the Pythagoras theorem, named for
the ancient Greek mathematician Pythagoras
(around 500 BC). This theorem can be used to find
information about the lengths of the sides of a right
angle triangle. Perpen
The following figure shows to right — angle triangle
with BAC =90°. The side opposite the right angle 4
is called the hypotenuse it is the longest side of a A

right angled triangle.
THEOREM 15.1
PYTHAGORAS’ THEOREM

Statement: In a right — angled triangle, the square of the length of hypotenuse is
equal to the sum of the squares of the lengths of the other two sides.
Given:
ABC is a right — angled triangle, having right angle at B,
a, b and ¢ are the measure of the sides BC,and CA and
AB respectively.
To Prove:

b*=c*+a’
Construction:
Draw BD 1 AC.Let BD=h and mCD = x. Therefore

dicular =~

& q---‘l...:-l----.-

1

mAD=b—x.
Proof:
Statement Reasons
In AABC «————> AEDC
ZABC = ABDC Right angle,
LC=2C Common (Self — congruent)
And ZLCAB=Z(CBD Complement of £C
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AABC ~ ABDC By definition
Corresponding sides of simi'ar triangles
Hence —=—
a x
e L ) 63
Again in AABC «— AADB
ZLABC = ZADB Right angles
LA= /A Common / self — congruent
And ZBCA= ZDBA Complement of £A4
: AABC ~ AADB By definition
b ¢ Corresponding sides of similar triangles
Hence —=
¢ b-x
ie.  bb-x)=c’ OF 5 B =" s (if)
Adding equation (i) and (ii), we get
b’ ~bx+bx =c* +d'
or . b =ct+d’
EXAMPLE (1]

Find the length of the hypotenuse of the right-angle triangle whose one length is 8cm
and other length is 6cm.

Solution:
(Hypotenusey= (Perpendiculary + (Base)®
x* = (8cm)? +(6cm)’ 6
x* =64cm” +36cm”
x> =100em”
x=10cm 8
EXAMPLE (23

The top of the ladder rests against wall 23 feet above the ground. The base of the
ladder is 6 feet away from the wall. What is length of the ladder?
Solution:”

(Length of ladder)’ = (23 feet)’ + (6 feet)’

x° +529 feet’ +36 feet’

X =565 feet’
x=23.76 feet

23 feet

THEOREM 15.2 |
Converse of Pythagoras’ theorem: .

If the square of one side of a triangle is equal to the sum of the squares of the other
two sides, then the triangle is a right-angled triangle.

Given:
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In A4BC, measure of BC,CX and AB area, b c
and ¢ respectively. Also a” =b" +¢*. 2
To P}qﬂ: ' e
AABC‘isacigh;ttriangle i.e. ZCAB=90" B b a
Construction: "
Draw DA | CA seewithat DA= BA. JonDtoC. D% ecce-.. JWA — B
Proof:
Statement Reasons
ACD is a right — angled triangle -+ (m£CAD =90°)
(mCD)* =(mAD) +(mAC) By Pythagoras’ theorem
or  m(CD)*=c+b*=(l) (* mDA=mBA=C)
But a*=b+c'—>(2) Given
(mCD)? =a* From (1) and (2)

or ' mCD=a=mCD
Now in ADAC «—— ABAC

CD=CB Given
Cd=CA4 Common
DA = B Construction
ADAC = ABAC f (S.8.S=8.Si8S)
Hence ZCAD = ZCAB Corresponding angles
But mZCAD=90° Construction
mZCAB =90"
or AABC is a right — triangle.
EXAMPLE €3
Is the triangle whose sides are 3cm, 4cm and Scm is a right-angle triangle?
Solution: i

A triangle is a right angled if the square of the longest side is equal to the sum of the
squares of the other two sides. (Converse of Pythagoras theorem)

(Sem)* = (3em)* + (dem)’
25¢m” =9cm” + 16em”
25¢m” =25¢m’
Therefore, the given triangle is a right-angled triangle.

[EXAMPLE (4

Calculate the value of x.
Solution:

12% 4% =20° =2 =200-12" 20 _
=400—144 =256

x=+/256 = x=16 ¥
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EXERCISE 151

Q1: Find the hypotenuse of right — angled triangle when the sides containing the
right angle are:
i) 12cm and 5cm ii) 6cm and 2.5cm
iii) 15c¢m and 8cm
Solution:
i) 12¢m and Sem
_ Let the hypotenuse is ¢ and the sides containing the right angle are ¢ and b respectively
a=12cm, b=15cm, c="?

B
By Pythagoras theorem,

c=a’+b = =12 +(5)
c?=144%+25 = *=169

Joi =169 = Ans. ¢ lsem A

ii) 6cm and 2.5¢cm
Let the hypotenuse is ¢ and the sides containing the right angle are ¢ and & respectively
a=6cm, b=2.5cm,c="?

12cm

By Pythagoras theorem,
¢’ =@’ b’ = ¢’ =(6)" +(2.5)
¢’ 364 6.25= o =4225

Jo' =825 = y

ili) 15¢m and 8cm
Let a=15cm, b=8cm, c=?
. By Pythagoras theorem,
c*+a’ +b’ = =(5) +@®)
¢® =225+ 64 = " =289

Je? = /289 - Aus.

Q2: Find the diagonal of a rectangular field whose sides are:
) 72m,3m i) 15.6m and 6.5m

iii) 6.72m, 5.04m

Solution: D C
i) 7.2m,3m %
AABC is right triangle,

So x*=(3)+(7.2’=9+51.84 ' 7.2m

X =6084 = Jx* =60.84
x> =460.84m =7.8m Ans.

3m
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i) 15.6m and 6.5m n c
In A4BC. > 6.5

¥ =(15.6)* +(6.5)° =285.6] A B

x=+285.61=169m Ans.
iii) 6.72m, 5.04m

X =(6.72) +(5.64) 2

x* =45.158+25.4016=70.5596

x=+/70.5596 =8.399=8.40m Ans. g

Q3: A ladder whose foot is 2.5m from the front of a house reaches a window 6m
above the ground. Calculate the length of the ladder.

5.04m

Solution: By Pythagoras theorem B
(AB)* =(ACY +(BCY
£* =(2.5)* +(6)° ¥ 6m
1 =6.25+36=42.25
x=+42.25=65m Aﬁ C
35m

Hence length of ladder=6.5m  Ans.

Q4: A ladder 2.9m long just reaches the top of a wall 2.1m high. How far from the
foot of the wall is the oot of the ladder.

Solution: By Pythagoras-theorem
(ABY =(ACY +(BCY
(29) =x" +(2.1)°
¥ =29 -@.1Y
¥ =841-441=4

—

N =4 =sx=3p  Ans.
QS5: Find the length of the unknown side.
i) a=4cm,6=Tm i) a=7cm, c=25cm
iii) b=6cm, c=9cm
Solution:
i) a=dem,6=Tm B
By Pythagoras theorem. ]
c=a +h =)+
G =16+49=65 = & =65 i \
= ¢=8.062¢m  Ans.
i) a=T7cm,c=25cm & A

C=a+bh =Sh=c-d
B = (25) =(7)* =625-49- 576

JE =576 = ]b = 24cm} Ans.
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iii) b=6cm, ¢ =9%m
*=a’+b > a = -b
a’=(9) - (6)* =81-36

el Pl s laien s

Q6: Verify whether a triangle with the given side lengths is a right-angled triangle?
i) 9,12and 15 ii) 9, 10 and 15
Solution:
i) 9,12and 15
Let a=9, b=12, ¢=15
As =a'+b = (15 =(9) +(12)
225=81+144=225
L:H.S=R.H.S $09,12, 15
Verified the lengths of right-angle triangle.
ii) 9,10and 15
Let a=9,b=10,¢c=15
As =da*+b> = (157 =(9) +(10)°
1225 =81+100=18]

LHS#R.H.S
Hence 9, 10, 15 are not the sides of the right-angle triangle.

Q7: The sides of a rectangular swimming pool are 50m and 30m. What is the
length between the opposite corners?

Solution: In A4RC,

By Pythagoras theorem, D it
(AC)I = (AB)E + (Bc)z > 30m
= x° =3400 (Taking square root) " 50m i

X = (50 +(30)* = 2500 + 900 = 3400
S5 L3200 =  x=/34%100 = 1034m
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REVIEW EXERCISE 15 I

Q1: Circle the correct answers:
i) Diagonal of a rectangle 6.5cm. If its width is 2.5¢m, its length is:

(a) 4cm (b) 9cm < (c) 6cm (d) 3cm
i) Which of the following are the sides of a right-angled triangle?
(2)2.3,4  /(b)3,4,5 ()4,5.6 (d)5,6,7

Q2: Measure of each of the sides of an equilateral triangle is 8cm. Find the length
of the altitude.
Solution: In A4ACD,

AC =8, AD=4

(ACY =(AD)’ +(CDY’

(8) =(4)" +(CD)’

64=16+(CD)’

64-16=(CD)’ = (CD)' =48
JCDy =48 = CD=\16x3

(D= 4J§cm Ans,

Q3: Measure of the base of an isosceles triangle is 10cm. If the perpendicular
drawn from the vertex to the base is 1Zcm long, find the measures of the congruent
sides of the triangle.

Solution: In AACD,

AD=5, CD=12 5

(ACY =(A4D)’ +(CD)

(ACY =(5) +(12)2 =25+ 144 =169 LEm
(ACY =169 A/ Sem Scin B
\f?(_—z‘l:C—): =169 = AC =13em “}Igm

Hence AC = BC =13cm Ans.

Q4: Diagonals of a quadrilateral ABCD are perpendicular to each other. Prove
that (m:fE )+ (m--C_}.’)-)2 = (m-/-lﬁ)z + (mB_C 2

Solution:

Given: Quadrilateral ABCD in which AC and BD are diagonals such that AC L BD. So
ABC and ACD are the two triangles.
To Prove: o c

(mAB)* +(mCD)’ =(mAD)* +(mBC)’ 0
Proof: mZAOB=m/ZBOC =msCOD =mZAOD =90
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Because AC L BD (Given)
So AAOB becomes right angle triangle from Pythagoras’ theorem.
(mAB)? =(mAO)’ +(mOC) ——(1)
In ACOD, the Pythagoras’ theorem is,
(mDC)? = (mDOY +(mOCY —>2)
Add equation (1) and equation (2), we get,
m(AB)* +m(DC)’ = m(AOY +m(OB)’ + m(DO)* +(mOC)’ —>(3)
Similarly in ABOC,
(mBC)? = (mBO)? +(mOC)’ —>(4)
In AAOD, (mAD)* = (mAO)* +(mOD)* —(5)
Add equation (4) and equation (5)
(mADY* +(mBC)* =(mAO)’ +(mODY’ +(mBO)* +(mOC) ——(6)
From equation (5) and equation (6), we have
(mAB)? +(mDC)* = (mAD)’ +(BC)*
By transitive property
Q5: The sides of a triangle have length x, x + 4, 20. If the length of the largest side
is 20. What value of x make the right triangle?

Solution: From the figure, BC =x+4, AB=x and AC =20
Using Pythagoras’/theorem on A4ABC,
(BCY' % (4B)*=(ACY’
(x+4) +(x) =20 = x* +8x+16+x*=400
2x° +8x+16-400=0 = 2x’+8x-384=0
a=2,b=8,c=-384

Use quadratic formula

x_—b-l_-\/b:—flac
2a C
_ —8+.,/64—4(2)(-384)
B 4 x+4 20
x_—8iJ3136 _ -8+56
x=_8+56=12 and x:_8_562—16
x=12,-16| Ans.
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Additional MCQs of Unit 15:
Pythagoras’ Theorem

1. The square of hypotenuse is equal to the sum of the square of base and perpendicular

BB s theorem. -
(a) Pythagoras (b) Factor (c) Remqinder (d) none
v Ans. (a) Pythagoras
2. Pythagoraswas........... mathematician in 500 B.C.
(a) American (b) German {c) Greek (d) none

v Ans. (¢) Greek
The side opposite to the right angle of AABC is...........

ud

(a) Base (b) Hypotenuse  (c) Perpendicular (d) none

 Ans. (¢) Greek
4. The longest side of a right angled triangle is...........

(a) Base (b) Perpendicular (c) Hypotenuse  (d) none

v Ans. (c) Hypotenuse
5. Inthe figure the side opposite to angle 8 iscalled........... B

(a) Perpendicular (b) Base '

(c) Hypotenuse _(d) none

v  Ans. (a) Perpendicular o

A C

6. 1fone length is 8cm and other m them length of hypoténuse

C—

(a) 15cm (b) 20cm (c) 30cm (d) 10cm

v Ans. (d) 10em

7. The height of wall is 4cm and the base of ladder 3cm then length of the lad-

ders: . oovmmpivns
(a) 6cm {b) 4cm (c) 5cm (d) 10cm
v Ans. (¢) Scm
8. If &*=a’+b" and m£C =90" then AABC is........... triangle.
(a) Right (b) Acute (c) Abtuse (d) none

v Ans. (a) Right

9. Ifthe sides of triangle are 3cm, 4cm, Scm then the triangle
(a) Acute (b) Abtuse (c) Right angle
v  Ans. (c) Right angle

10. In the figure the value of x is........... %
(a) 25 (b)5
(c) 16 (d) 20
v Ans. (¢) 16 -\'
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