Chapter 13. Pythagoras Theorem [Proof and Simple Applications with
Converse]

Exercise 13(A)

Solution 1:

The pictorial representation of the given problem is given below,

A

13 m

5m

Pythagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

{ilHere, AB is the hypotenuse. Therefore applying the Pythagoras theorem we get,
AR* = BC? v o4?

13 =5 404
O =1F -5
CA2 =144
Cd=12m

Therefore, the distance of the other end of the ladder from the ground is 12m
Solution 2:
Here, we need to measure the distance AB as shown in the figure below,

B S0m
40m

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the
A squares on the remaining two sides.
Therefore , in this case
AB* = BOR + 4

AB* =50* +40°
AB* = 2500+ 1600
AB* = 4100

AE =64.03

Therefore the required distance is 64.03 m.

Solution 3:

Pvthagoras theorem states that in a right angled triangle, the sguare on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

First, we consider the APOS and applying Pythagoras theaorem we get,

PO = PS4 50

10% = P§? + 67
S =100-36
PS=3

MNow, we consider the APRS and applving Pythagoras theorem we get,
PR* = RS* 4+ F5*
PR =15 +¢°

FR=17

The length of PR17 o



Solution 4:

Pythagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.
First, we consider the s 7~ and applying Pythagoras theorem we get,

pe*=pcitec?
DB?=122+32
DB?=144+9

DB*=153
MNowy, we consider the AABD and applying Pythagoras theorem we get,

DAT=pB?+84?
13%=153+84°
BA®=169-153

BA =4

The length of AB is 4 cm.

Solution 5:
Since ABC is an equilateral triangle therefore, all the sides of the triangle are of same measure and the perpendicular AD will divide BC in two
equal parts.

A

c
B D

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.
Here, we consider the MABRD and applying Pythagoras theorem we get,

AB? = AD* 4 BD*
Given ,BC = 10 cn= A5,

AD* <100% - 5° i

BD= EBC Therefore, the length of AD is 8.7 cm
AD® —100- 25
AD* =75

AD =87



Solution 6:
We have Pythagoras theorem which states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the

remaining two sides.

First, we consider the AABC, and applying Pythagoras theorem we get,

AB* = A0* + 05?
AG? = AB* - OR?
A0 = AR —(BC+ OO
[Let, O = x]
A0 = AR —(RC+ X )

First, we consider the AACO, and applying Pythagoras theorem we get,

AC? = A0 427

Aor=Act - L (1)
Nowy, from (i) and(ii},

AB2-(BC +x)*=aCc?-x?

8l [e+x)?=3%-x2 [Given. AB = 8cm, BC = 8cm ]
and AC = 3cm

_. 7
x—llzcm

Therefore, the length of OC will be 1% cm

Solution 7:
Here, the diagram will be,

A

We have Pythagoras theorem which states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the

remaining two sides.
Since, ABC is an isosceles triangle, therefore perpendicular from vertex will cut the base in two equal segments.
First, we consider the 5 4 25 and applying Pythagoras theorem we get,

i

AB* = AD* + BD?

AD? =5 -5
AD? =525
AD =<z =25 {7
Mow,
Area=60
%XIDXADESU

1
Zx10xafx? 25 =60
2

x=13

Therefore, xis 13cm



Solution 8:
Let, the sides of the triangle be, x, J2x and x

Now, ,2 3 _ 5,2 _ {Jz_x)z ______ i)

Here, in (i) it is shown that, square of one side of the given triangle is equal to the addition of square of other two sides. This is nothing but
Pvthagoras theorem which states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining
two sides.

Therefore, the given triangle is a right angled triangle.

Solution 9:
The diagram of the given problem is given below,

D
?
A
1lm
6m
c
B 12m

We have Pythagoras theorem which states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the
remaining two sides,

Here,11-6=35m ({Bince DC is perpendicular to BC)
hase=12m
Applying Pythagoras theorem we get,

hy}:uotemlse2 =5%+12°

h = 25+144
h? =169
h=13

Therefore thedistance between thetipswall bel3m

Solution 10:

Take M be the point on CD such that AB = DM.
So DM = 7cm and MC = 10 cm

Join points B and M to form the line segment BM.



So BM || AD also BM = AD.
C | D

In right-angled ABAD
BOZ = AD7 + BAR

(25)° - 4D + (7Y

AD? = (25 - (7)°

AD? = 576

AD =24

In right-angled A CVB

CB% = CMP + MB®

CB? = (10) + {24) [MB = AD]
CB* = 100 + 576

CB® = 676

B =26cm

Solution 11:

Given that AX:XB = 1:2.

Let n be the common multiple for which this proportion gets satisfied.
So, AX = 1(n) and XB = 2(n)

AX +xB=1[{n)+2{n)
=AB=rn+2n
=12=3n
=n=4
AX =1(n) =4and XB = 2(n) =8
In A4BC,
XY || BC

= AC = 24dom

In right-angled A4BC
AC? = AB® + BC?

= (24)" = (12)°+ BC?
= 8% = (247 - (12
= BC? =576-144
= BC? = 432

= BC = 12f3em



Solution 12:
A

(i1 In right-angled ASBC

AC? = AB* + B

=[x +6) = (x -3+ [x+4)

=[x+ 12x + 36) = [x® - 6x + 9} + [x%+ 8x + 16)
= x*-10x-11=0

=(x-11){x+1)=0

=x=11lorx=-1

But length of the side of a triangle can not be negative,
= x=1lcm

L AB=(x-3)=(11-3)=8cm

BC = (x+4) =11+ 4)= 15cm

AC =[x+6)=[11+6)=17cm

(i) In right-angled A4BC

AC? = AB? 4+ BCP

= [4x +5)7 = ()7 + [4x + 4)°

= [16x%+ 40x + 25) = [x* )+ [16x7 + 32x + 16)
= x"-8x-9=0

=(x-9){r+1)=0

=x=9orx=-1

But length of the side of a triangle can not be negative,
= x =S9cm

LAB =x =9cm

BC = (4x + 4) =36+ 4) = 40cm

AC = [4x +5) =36+ 5) = 4lem

Exercise 13(B)

Solution 1:
Pythagoras theorem states thatin a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.
First, we consider the WABD and applying Pythagoras theorem we get,

ABY = AD* 4+ BIF
=k a-xt
e=ct-ta-n®* . i)

First, we consider the AACD and applying Pythagoras theorem we get,
Ac? = AP v r?
M=k 4t
Hep- (i)
From (i} and (i} we get,
eta-nt=pt -2
et —a? 2 4 ax =0t - 2

et =at + 8% - Dax

Hence Provad.



Solution 2:
A

In equilateral A ABC, AD iy BC.

Therefore, BD = DC = x/2 cm.

Inright - angled AsDC
AC? = AD? 4+ DC*

Solution 3:
The pictorial form of the given problem is as follows,

A

B ¢ Pythagoras theorem states thatin a right angled triangle, the square on the hypotenuse is equal to the sum of the
sguares on the remaining two sides.
First, we consider the MABM and applying Pythagoras theorem we get,

AM? = AB*+ BM?
AR = AM - BMT (i)

Now, we consider the 4 4z ~and applying Pythagoras theorem we get,
AC? = AR+ BC?
AR = A - B L i)

From (i) and {ii) we get,
AM?-BM?=aC? _BCP
AMP+ BC? = AC% 4 BM?

HenceFrowved



Solution 4:
P

We draw , PM,MN,NR

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

Since, M andN are the mid-points of the sides QR and PQ respectively, therefore, PN=NQ,.QM=RM

(i)

First, we consider the APOM and applying Pythagoras theorem we get,

EM? = PO+ MOP

= (PN +NOY +M0°

= PN + NO* 42PN NO + MOP

= MW+ EN? + 2 PN.NG [From’MQ’ } ...... )
M =NO MG

Now, we consider the ARND, and applying Pythagoras
theorem we get.
RN = NP +RO?

= NQ* +(OM + RM)*

= MO+ OM + RACP +20M RM

= MN* + EM? +20M EM

Adding (i) and (i) we get,
FMAHRI? = MW + PN + 2PN NO+ MN* + RM? +20M RM
PMAH+RI® = 2MN° + PN* + RM* + 2PN.NO+ 20M RM
PMAHEI? = 2MN? + WO? +0M° + 2(0NB + 200M ™)
PMHEI® = 2MN° + MV® + 2 MW
PMAHRIE = 5MN*
HenceProwed

:\.I\I.fle consider the APOM, and applying Pythagoras theorem we get,

PM? = POP + MG

Multiplying both
4PM? = APGP 4 AMO? ARERARERT
sidesby 4
i . A 1
4PM’ = 4PQ" +4.( SOF MO =~ OF

1
4PM? = 4P +4. _QR?
4

APM? =4P0* +OR?

HenceProved



We consider the ARQI, and applying Pythagoras theorem we get,

RN® = NO* + RGP

Multiplying both
ARN? = ANG? +A0R g
sidesby 4
1 1
4RN? =40R? +4-[§PQ] [NQ = EPQ}

ARN =40R +4. % jZok

4RN? = PO 4+ 40R*

Hence Proved

(iv)
First, we consider the APOM and applying Pythagoras theorem we get,

PM? = PO+ MO

= (PN +NQY +MQ*

= PNV + NO* + 2PN NO + MGP

= MW+ PN® + 2PN NG [From’ i } ______ )
WP =IO MO

MNow, we consider the ARNG, and applying Pythagoras theorem we get,
RN = NO* +RO®

= NQ* +(OM + RM Y

= NO*+OM* + RM® +20M RM

= MN? + RME 4+ 20M RM

Adding (i} and (i) we get,

PMP+RIF = MW + PN + 2PN NO + MN® + RM + 20M RM

PMPHRI = 2MN° + PN° + RM* + 2PN NO+ 20M RM
PMHERIN? = 2807 4+ MO +OM° + 200N + 2(0M ™)
PRHRIT = 2MN* + MN? + 200
PMAAHRI = sMN?

4{ PME BRI = 4. 5. (WQ* + MY

2 2
(i)
1 1
{ NQ = 2 PO, MO = EQR}

4[PM2+RN2} =5PR?

4{ PMP BRI} = 4. 5.

HenceProwved



Solution 5:
A

D

Pythagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

In triangle ABC, /_rB = %0% and D is the mid-point of BC. Join AD. Therefore, BD=DC

First, we consider the MADE, and applying Pythagoras theorem we get,
AD? = AB* + BEF

AR = aD*—pD* ()

Similarly, we get from rt. angle triangles ABC we get,

Ac? = AB* + BCP

AR = A —BC? {i1)

From (i) and (i),
AT — Bt = 40— BIP
AC? = 4D? — D% 4+ B
2 ] ] ] 1
Ar? = AD* —CDF +40D [B.D == EBC}
AC? = AR 3008

Henceproved.

Solution 6:

D C

Pythagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

Since, ABCD is a rectangle angles A,B,C and D are rt. angles.

First, we consider the AACD, and applying Pythagoras theorem we get,

At =nptf ot (1)
Similarly, we get from rt. angle triangle EDC we get,
BO? = B oDt

T In arectangle , oppostte }

sides are equal, . T0D = A8

Adding (i) and (i) .
ACP 4 BD?*= AB*4+ BCP 4+ CD¥+ DAl

Henceproved.



Solution 7:

A B
-~
WL
-
-
o,
-~
-
-
-
-
e

=
D C

In quadrilateral ABCD, £B = 90f and 20 = 9CF,
So, AMMBC and AADC are right-angled triangles.

In AABC using Pythagoras thecrem,
AC? = AB® + BC?
= AB® = AC*-BC%....... 0l

In AA0C, using Pythagoras theorem,
AT ADE L DR LD

LHS = 2407 - AR

= 2407 -(AC? - BC?) [Frar(il]
= 240% - ACZ 4 BC*
= AC% 4 BC?
= AD?+ DC%4 Bo® [From (i 1]
= RHS
Solution 8:
0
E G
A H D

Draw rectangle ABCD with arbitrary point O within it, and then draw lines QA, OB, OC, OD. Then draw lines from point O perpendicular to the
sides: QE, QF, OG, OH.

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

Using Pythagorean theorem we have from the above diagram:

OAZ= AHZ+ OHZ = AH? + AE?

0C?=CG%+0G?=EB?+HD?

0OBZ=EOQ?+ BEZ= AH? + BE?

OD?=HD?+0H?=HD?+ AE?

Adding these equalities we get:

OAZ+0C2=AHZ2+ HD?+ AE2+ ER?

OBZ+0D2=AHZ+HD2+ AEZ+EBZ

From which we prove that for any point within the rectangle there is the relation
OA?+0C?=0B?+0D?

Hence Proved.



Solution 9:
Here, we first nead to join O&, OB, and OC after which the figure becomes as follows,

A

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides. First, we consider the AARD and applying Pythagoras theorem we get,

AC? = AR+ OR?
AR =40 -0oR* . (i)

Similarly, from triangles, BPO.COQAQQCPO and BRO we get the following results,

BP® = Bo* —oF* .. (i
co’=oct-op* ... G
Ap® = 40" - g’ (i)
cPt = oct —op* )
BR*=0B*-0OR* . (vi)

Adding (i), (i) and (iif).we get
AR+ BP* + 0% = 40° - oR® + BO® - oP

+oC?-00* . i
Adding (fv}, (v and (vi)we get,
A0 +CP + BR® = 40" - 0R” + BO® - oP*

+ Ot - ng ...... (Wil
From (vii} and (viii), we get,
ARZ+BPZ+C0Q%2=AQ%+CP2+ER2Z

Hence proved.



Solution 10:

Diagonals of the rhombus are perpendicular to each other.

In quadrilateral ABCD, £AQD = 000 = 9,
S, AA00 and ACOD are right-angled tiangles,

In AACD Lsing Pythagoras theorem,
AD? = 047 4+ 00?7
=047 = ADE- QD2 (1)

In ACOD Lsing Pythagoras theorem,
CO% = OC% 4 ODF
=00 oD - ODE (i)

LHS = 042 + OC®
= AD% - oD+ cD2- 0D® [Fromdi and(i 1]
= AD% L CD% - 2007

z
= AD® 4 ADP - 2[%} [AD=CDandOD=%i|

= 2407 - B0

= RHS

Solution 11:

Pvthagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.
We consider the AAdCD and applying Pythagoras theorem we get,

AC? = AD* 4+ DC?
= (AB* - DBy +( DB+ BCY?
= BCP DB 4 DB+ BC 4 2DB . BC (Given, AB = RO
= 2BC* +2DB. BC
= 2BC(BC + DB
= 2BC.DC

HenceProved.



Solution 12:
A

& D

In anisosceles triangle ABC; AB = AC and D is point on BC produced. Construct AE perpendicular BC.

Pythagoras theorem states that in a right angled triangle, the square on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

We consider the rt. angled AAED and applying Pythagoras theorem we get,
AD? = AR+ ED?
AD? = AR v (EC+CDY (i)

[ ED= EC’+C’D]

Similarly, in AAEC

AC* = AB* + BCP
AR = A - R ()
putting A% = A7 - BC%in (1), weget,
AD? = ACP - BCP 4 (BEC + 0D
= AC* +CD(CD +2EC)
AD* = AC* 4+ BD.CD [2EC+CD = ED)]

HenceProved

Solution 13:

Pvthagoras theorem states that in a right angled triangle, the sguare on the hypotenuse is equal to the sum of the squares on the remaining two
sides.

We consider the rt. angled g 4~ and applying Pythagoras theorem we get,
CIF = ACP + AP

CD* = AC* +(AB + BDY [ AD= AR +BD)

CIP = AC* + AB* + BD*+ 248 BD
Similarly, in 4 450

B = AC? + AR

B = 2487 (A48 =AC]
AR* = %BCQ ______ (i1)

Putting, AR? from (ii} in (i) we get,

oD =Ac:*2+%gc2 +BD* 4248 8D

CD?—BD*= AB*+ AB* + 2AB (AD- AB)
CD?*— BD*= AB*+ AR* +24B. AD- 2AB*
CD*-BD* =248 AD
DO - BD*=248. AD

Hence Proved.



Solution 14:
;]

In right angled AADEB
AB* = AD® + BD*
= AD* = AB*-BD? ...

AC = AD+ DC
= AC? = (4D + DC)*

= AC? = AD?+ DC? 4+ 2AD x DC

= AC? = AB®-BD?+ DC?+ 2AD x DC
= AC? = ACE -BD2+ DO? 4 24D x DO
= B0?-DC2 = 240 00

Solution 15:
Here,

B DO =13

1 3
— BD = — BC and CD == BC
4 4

[from(i)]
[4B = AC]

Ac? = ap* v op® and AB® = AD* + BD®

Therefore,

ACY — AR = oD’ - BR®

3V 1 ¥
=| Zae| - ZBE

4 4

9 2 1 2

=—BAhC - —EBC
18 18

1
= — ge?
2

L 2AC* —24B* = B?
2 4c* = 2.48° + BC?

Hence proved





