Mathematics

THEORM 15.1.1

PYTHAGORAS' THEOREM

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.
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Given

AACB is a right-angled triangle in which m2C = 90° and mBC=a. m AC=b and

m _"'!'E: =L.

To prove
c=a*+h?
Construction

Draw CD perpendicular from C on AB.

let mCD=h, mAD=x and mBD = v. Line segment CD splits AABC into two As
ADC and BDC which are separately shown in the figures (i) -a and (i) b

respectively.

hMathematics

Statements Reasons

In AADC «» AACEB Refer fo figureii (a) and (i) common-self

congruent
ZA=74
ZADC = ZACB Construction given both

0= 7R measure 90°

£C and £B, complements of £A
= AADC = AACB Congruency of three angles
(Measure of comresponding sides

of similar triangles is similar)

Refer to figure ii(b) and (i)
Again, in corespondence

ABDC «» ABCA
Common self-congruent

ZB=/R ; .
Construction given, both measure 90°

ZBDC = ZB(CA
£C and £A at complements of £4M

LE=44 Congruency of three angles.

SABDC ~ABCA

Sides of similar triangles are

proportional. (Theorem &)

Supposition

Mathematics

But ¥y +x = ¢

By (i) and (i)

Multiplying both sides with c.
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Mathematics

THEOREM 15.1.2

(CONVERSE OF PYTHAGORAS' THEOREM

19.1.1)

In a triangle if the sum of the squares of the measure of two sides is equal to

the square of the measure of the third side, the triangle is a right-angled
friangle.

Given

INna AABC, m AB =¢, mBC=a and m AC =b such that a*+ b*= ¢
To prove

mZACE = 90°, AACB is aright-angled triangle.

Construction

Draw D Perpendicular to B such that €D = €4 . Join B and D.

Proof

Statements Reasons

ADCE is a right-angled friangle Construction

:. ([nBD)? - a* + b? Pythagoras theorem

But a* + b = ¢ Gven

hMathematics

[mﬁ}2 =t

or mBD =¢ Taking square root of both sides.

Now in

ADCB « AACH
Construction

Common
Eachis equalto c

555 = 5355

7 ADCE=AACH Corresponding angles of congruent

L LDCB=.".2ACB tiangles.

But msDCR = 90° Construction
- mLACE = 90°

nnd the A ACB is a nghi-angled triangle.
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Mathematics

EXERCISE 15.1

Q1. Verify that the As having the following measures of sides are right-angled.
(i)a=5cm, b=12cm, ¢ = 13cm

Solution:

By Pythagoras theorem

a* + 2 = (5)2 + (12)°
= 25 + 144 = 169

ez = (13) 2 = 169

Lot b=t

Thus, the triangle is right angled friangle.
(iia =1.5em, b=2cm, ¢ = 2.5cm
Solution:

By Pythagoras theorem

a-

Thus, the triangle is right angled friangle.

(iila =9c¢m, b=12cm,c =15em
Solution:

By Pythagoras theorem

hMathematics

Hence the triangle is right angled triangle.

(ivia=16cm, b =30=cm, ¢ =34cm
Solution:

By Pythagoras theorem

a’+ b= (16) + (2)
= 256 + 900 = 1156
¢*= (34) = 1156

La+ b=
Hence the friangle is right angled triangle.

Q2. Verify that 42 + b2 ¢* — b* and 2ab are the measures of the sides of a
right-angled friangle where @ and b are any two real numbers (a > é)

Solution:
Let ABC be triangle such that
AB = @ + b2,
» BC = a*- b7,
AC = 2ab
By Pythagoras theorem
|]§|3= (a® + B2)? = a'+ b' + 2a°F
and

[4C|2+ |BC|2 = (2ab)*+ (a2~ bPF

4a' + a'+ b - 20207

= a'+ b+ 2a’h?

o [~ [+ R

Hence ABC is a right-angled friangle.

Mathematics

Q3. The three sides of a triangle are of measure 8, x and 17 respectively. For
what value of x will it become base of a right-angled triangle?

Solution:
If x is the base of right-angled friangle then -17 is the measure of hypotenuse.

By Pythagoras Theorem

( hypotenuse)®* = (base)* + ( perpendicular)®
(17)*= (x)*+ (8)*

289 = x*+ 64

x*= 289 - o4

x*= 215

=15

Q4. In an isosceles A, the base m BC =28 cm, and m AB=m AC =50 cm. If m
AD L m BC, then find

(i) length of AD  (ii) Area of AABC

Solution:

() AD + BC

~» D is mid-point for BC

SomBD = —(28) = 14 cm

From right angled AABD

hMathematics

(mAB)2= (mBD)2+ (m AD)?
(50 = (14)'+ (m AD)?
(mAD)? = (50) — (14)" = 2500 — 196 = 2304

mAD = 48%cm

(ii) Area of AABC

={(m E]{ mﬁ

= (28)(48)

= 672cm"

Q5. In a quadrilateral ABCD, the diagonals 4¢ and BD are perpendicular to
each other. Prove that m AB2+ m CD? = m AD? + m BC?

Solution:

The diagram AC and BD of the quadrilateral ABCD meet at O perpendicular
in the right tfriangles AAOB

mABZ=m A0+ mOB2
In the right triangle ABOC
HIF:l:mﬁE + maﬂz

In the right triangle ADOC

mDC2=mOC2+ mOp?

Adding (i) and (i)

mABZ+mBC2=m AO2+mORB2+ mOC2+ m OD?

Mathematics

Adding (i) and (iv)
mADZ+ mBC2=mOAZ+ mOB2+ mOC2+ mOD?

Hence m AB2+ mCD2=m AD2 + m BC?2

Qé. (i) In the AABC as shown in the figure, m~4CB=90°and CD 1 AE. Find
the lengths 4, hand b if m BD = 5 units and m AD = 7 units.

Solution:

mAB =5+ 7 = 12
In right angled ABDC
a=25+h
In right angled AADC
b*= 49 + i (2)
In right angled AABC
a+ b =144
Adding (1) and (2)
a+b'=74+ 20
from (3) and (4)
74 + 2k = 144
=144 — 74 = 70
=73

b =«35units

hMathematics

a= 2-J15units

35in (2)

fi= -Jﬁz E\fﬂmrﬁ.\'

So, a= ZJI_S:.-HHS

h= Emrm'
b = 2+J2 lunits

(ii) Find the value of x in the shown figure.

From AADC
(mAC) = (mAD)*+ (mDQ)?
(13)2= (mAD)? + (5)>
169 = (m AD)? + 25
(mAD)*= 169— 25 = 144
mAD = 12¢em
From AABD

fmﬁ]ﬂ = {mEj? = fmﬁ}i

Mathematics

(15)* = (12)* + (x)
225 = 144 +x°
2 = 225 - 144 = 8]

xr = 9¢m

X

Q7. A plane is at a height of 300 m and is 500 m away from the airport as
shown in the figure. How much distance will it travel to land the airport?

Solution:

.ﬂil%ﬁﬂ"'

mBC =500m, mAC =300m

By Pythagoras theorem
mAB?=mBC?+mAC?
m AB* = (500)? + (300)>
m AB? = 250000 + 90000
m AB? = 340000

m AB? = [34x10000

mAB = 10034 m

Q8. A ladder 17 m long rests against a vertical wall. The foot of the ladderis 8
m away from the base of the wall. How high up the wall will the ladder reach?

Solution:

hMathematics

By Pythagoras Theorem
(mAB)?= (m AC)? + (m BC)?
(177 = (m AC > +(8)

(mAC)? = (17) - (8)?

(m AC)? = 289 - 64 = 225

mAC = 4225 =15cm

Q9. A student travels to his school by the route as shown in the figure. Find m
4D, the direct distance from his house to school.

Solution:

A is house, B is bus stop and D is school. Produce 4B and draw DL | DC to

meet 4B produced at L.
We have to find AD
mID=mBC = 6km
mBL =mCD = 3km
mAL =mAB +mBL=2 + 3 = 5 km
ALD is a right angled A
By Pythagoras theorem
mAD? = m AL?+ m LD?
=(5)" +(6)" =25+ 36= 61

mAD= +J61 km

Mathematics
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Mathematics

REVIEW EXERCISE 15

Q1. Which of the following is frue and which are false?

(i) In a right-angled triangle greater angle is of 20°.

(ii) In a right-angled triangle right angle is of 60°.

(iii) In a right triangle hypotenuse is a side opposite to right angle.

(iv) If a, b, care sides of right-angled triangle with ¢ as longer side then
= a + b

(v) If 3 cm and 4 cm are two sides of a right-angled triangle, then hypotenuse

is5cm.

(vi) If hypotenuse of an isosceles right triangle is ﬁcm then each of other

side is of length 2 cm.

Answers:

M7 (i) F (i) T (iv) T (V)T

Q2. Find the unknown value in each of the following figures.

M

By Pythagoras Theorem

x=4+3

hMathematics

:1:3=-\|I'r2_5

x=35cm

By Pythagoras Theorem
(10)2= (6)*+ (x)?
100 = 36 + x°

x'= 100 - 36 = 64

By Pythagoras Theorem

Mathematics

x=12em

By Pythagoras Theorem

(V2P = (x)*+ (1)
2=x"+1

x :\!‘I- =lem
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