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

bm

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

{Sl'l}cli—‘lazl.'e_. AB is the hypotenuse. Therefore applying the Pythagoras theorem we get,
AB* = B 4P
13 =5* + 04
C4* =13 -5
CA* =144
TA=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 AR as shown in the figure below,

B Elm
40m

Pythagoras 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

AR? = Bt pod?

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

AB =64.03

Therefore the required distance is 64.03 m.

Solution 3:

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 APOS and applying Pythagoras theorem we get,

POP = P+ (057

10% = P5* +6*
PSP =100- 36
Py=3

Mowy, we consider the APRE and applying Pythagoras theorem we get,
PR} = RS® + PY°
PR =15 +8°

FR=17

The length of PR{7 o
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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 ABDC and applying Pythagoras theorem we get,

pa*=pci+Bc?
DB*=12%4+3°
DB?=144+9

DB?=153
MNow, we consider the AABD and applying Pythagoras theorem we get,

Da=pB2+B4°
13°=153+847
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

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.
Here, we consider the MABD and applying Pythagoras theorem we get,

AR* - AD? 4 BD?
Given ,BC = 10 cm= A8,

AD® —100® -5 1
BD:EBC Therefore, the lengthof ADis 8.7 cm
AD* =100-25
AD* =75
AD =387
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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 4 4 50 and applying Pythagoras theorem we get,

AR = AO* 4 0R?
AC? = AB* - OB?
AC? = AB* —(BC+0C)?
[Let, OC = x]
A0 =48t —Bo+ 0t L 3

First, we consider the a 47> and applying Pythagoras theorem we get,

ATt = A +5°

Aot =aAct-x L (i)
Mowy, from (i} and(ii),

AB-(BC +x)?=AC?-x?

82-(6+x)2=32-x [Given, AB = 8cm, BC = 8cm ]
and AC = 3cm

x= 11—?2r:m

Therefore, the length of OC wall be 1% i

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
rernaining two sides.

Since, ABC is an isosceles triangle, therefore perpendicular from vertex will cut the base in two equal segments.

First, we consider the 4 4z7 and applying Pythagoras theorem we get,

AB* = AD* 4+ RD?

An? =z -5
An?=x*-25
AD=+fx*-25 . (i
Now,

Area=60
§><1IJ><AD=60
%xmx«#xﬂ 25 =60
x=13

Therefore, xis 13cm
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Solution 8:

Let, the sides of the triangle be, x, J2x and x

Now, .2 | .2 _ 9,2 _ {Jg_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
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.

Therefore, the given triangle is a right angled triangle.

Solution 9:

The diagram of the given problem is given below,

D
'?
A
1lm
6m
B C

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,l1-6=35m (Since DC is perpendicular to BC)

hase=12m

Applying Pythagoras theorem we get,

hyputf:m;se2 =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.
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So BM || AD also BM = AD.

[# it D
L1
1
|
|
1
|
A
B

In right-angled ABAD
BD? = AD? + BA®

(25)° = AD? + (7)°

AD? = (25) - (7Y

AD? = 576

AD =24

In right-angled A CVB

CB% = Op? 4 piB*

cB% = (10F + {24) [MB = AD]
CB% = 100 + 576

CB? = 676

CH =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=n+2n

=12=3n

=n=4

AX = 1(n) =4 and XB = 2(n) = 8
In A48,

Xv|| BC
AB AT BC

= AC = 24ecm

In right-angled A48C
AC? = AB® + BC*

= (24)" = (12)°+ BC?
= BC? = (24)° - {12
= BC2 =576- 144
= BC? = 432

=BC =12yZem
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Solution 12:
A

(i1 In right-angled A4BC

AC? = AB® + BCH

= (x+6) = (x -3+ [x + 4)°

= [x% + 12x + 36} = [x7 - 6x + 9] + [x7 + Bx + 16
= x%-10x-11=-0

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

=x=11orx=-1

But length of the side of a triangle can not be negative,
=x=11cm

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

BC ={x+4)=(11+4) = 15¢cm

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

(i) In right-angled AABC

AC? = ABT + BCE

= [4x + 5 = ()" + [4x + 4)°

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

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

=x=9orx=-1

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

L AB =x =%cm

BC ={4x+ 41 =(36+ 4) = 40cm

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

Exercise 13(B)

Solution 1:

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 MABD and applying Pythagoras theorem we get,
AB* = AD? + BIP
2 = bt (g — )t
Be=ct-fa-* i)
First, we consider the AACD and applying Pythagoras theorem we get,
AC? = AD? v P
B=i+r
B=b i
From (i} and (i} we get,
e —fa-at =kt 2t
et - lax=0—x

et =@t + 8 - Dax

2

Lmrmen Do s
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Solution 2:
A

In equilateral A ABC, AD L BC.

Therefore, BD = DC = x/2 cm.

Inright - angled AADC
ACT = ADP 4+ D

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

A

B c 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 MABM and applying Pythagoras theorem we get,

AM? = AB* + BAM?
AB =AM —BM® (i)

Now, we consider the 4 4 pr~and applying Pythagoras theorem we get,
AC? = AR + B
AR = A —po? L (i)

From (i) and (i) we get,

ANP-BMP=AC-BCP
AM?+ BC? = AC? 4+ BM®

HenceProwved
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Solution 4:
P

We draw , PM,MN,NR

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, 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,

PM? = POP + M

= (PN +NQY +M0*

= PN + NO* + 2PN NO + MOP

= MN* 4+ PN + 2PN NG [From’ e } ...... ()
BN =N+

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

= NO* +(OM + RM*

= MO+ OM* + RAP +20M RM

= M+ BM? 4+ 200 RM

Adding (i) and (i) we get,
PM4RI? = MW? + PN? + 2PN NO+ MN? + BM* + 200 RM

PMAH+RIN® = 2MN° + PN* + RM* + 2PN NO+20M RM
PRIAHERI? = 2MM? + WOP +0M° + 2(0NY + 200M ™)
PMAHRI = 2MN? + MW + 20N
PMAHERIN? = 5an°
HenceFProved

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

PM® = PO + MO

Multiplying both
4PM? = 4POP + AMEP ARHpRRSRT
stdesby 4
i . 1.y 1
4PM’ = 4PQ" +4.( ZOF MO = OF

1
= +4.—
APM? = 4PGE 44 7

APM* =4P0* + OR?

HenceProved
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We consider the ARON, and applying Pythagoras theorem we get,

EN® = N+ RGP

4RN? = AND? + 4QR* Mult:tplymg both
sidesby 4
1. 1
4RN? =4QR2+4-[§PQ] {NQ:EPQ}

ARN? =40R  +4. % PG

ARN? =P +40R2

HenceProved

::i\_.';u
First, we consider the APOM, and applying Pythagoras theorem we get,

PM? = POP + MO

= (PN +NOY + MO’

= PNV + NG* + 2PN NQ+ MG®

= MIP + PN® + 2PN NO From’ IR } ...... @
MO =N+ O*

MNow, we consider the ARND, and applying Pythagoras theorem we get,
RN = WO* +RG?

= NO* +(OM + RM)*

= WO 4 OM2 + RME +20M RM

= MN* + RM* + 20M RM

Adding (i) and [if) we get.
PMPH+RI® = MW + PN° + 2PN WO+ MN* + RM* +20M RM
PM*+RI = 2MN° + PN° + RM* + 2PN NQ + 20M RM
PMAHERIN? = 2MWV 4+ N +0M° + 20N+ 2(0M )
PMAHRI? = 2MN? + MWV? 4+ 2032
PM2+RIN? = SMN*
4{ PMPHRN) = 45 (NOP + MO*)

4(PMP R ) = 4. 5{[%?@]2 +[%Qﬂﬂ

= —l —l
[. NQ = 2PQ,MQ— 2QR}
4{PM2+RN2)=5P322

HenceProved
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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 =90% and D is the mid-point of BC. Join AD. Therefore, BD=DC

First, we consider the 5 4ng and applying Pythagoras theorem we get,
AD? = AB* + BDP

ABY = ADE_pDE ()

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

AC*= AB* + BC?

AB* = AC? - BCP (7]

From (i) and (i) ,
A —po? = AR —BIA
ATt = AD? - g0+ B?

1
AC? = AR —cBf +acn? [sa =Ch= Esc}
AC? = ADF 43007

Henceprowved.

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 AB,C and D are rt. angles.

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

A= g +op* 6]
Similarly, we get from rt. angle triangle BDC we get,

BR? = B +oD?

In arectangle , opposite
—BC? 4 AR _ ge.opROiE | L ()
sides are equal,” &0 = AR
Adding (i) and (i} ,
AC*+ BD*= AB*+ BC*+ CD*+ DA®
Henceproved.
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Solution 7:

A B
~
-
-
-
-
g,
-~
-
=
-
-
e

5
D c

In quadrilateral ABZD, £B = 90° and £0 = 9P,
So, MBC and AADC are right-angled triangles.

In AABC using Pythagoras thecrem,
AC® - AB? 4 BCH
= ABT - ACT-BCEL L ()

In AA0C, using Pythagoras theorem,
ACE = ADP DA LD

1HS = 2407 - 487

= 2AC% - [AC*? - BC?) [fromii)]
= 2AC% - AC?+ BC?
= AC?+ BC?
= AD?+ DC%4 BC® Kiz=lze (101
= RHS
Solution 8:
0
E G
A H D

Draw rectangle ABCD with arbitrary point O within it, and then draw lines QA, QB, QC, OD. Then draw lines from point O perpendicular to the
sides: OE, OF, OG, OH.

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.

Using Pythagorean theorem we have from the above diagram:

OA? = AH? + OHZ = AH? + AE?

0C2=CG2+0G2=EBZ+HD?

OBZ=E0?+BE? = AH? + BEZ

OD?=HD?+0OH? = HD? + AE?

Adding these equalities we get:

OA?+ 0C2= AH? + HD? + AE? + EB?

OBZ+0D?=AH?+HD?+ AEZ+ EB?

From which we prove that for any point within the rectangle there is the relation
OA2+0C?=0B2+0D?

Hence Proved.
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Solution 9:

Here, we first nead to join OA, OB, and OC after which the figure becomes as follows,

A

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 4 4 g~ and applying Pythagoras theorem we get,

AC? = AR+ OR?
AR =40 —0rR* ()

Similarly, from triangles, BPO,COCQ AOQUCPO and BRO we get the following results,

BP® = Bo* — 0P (i
co® = 0c? - 0Q? (i)
407 = 40" - 00” (V)
cPt=oct - ot )
BR* =08’ —0oR° (vi}

Adding (i), {if) and [iii)we get
AR+ BPY + c0® = 4A0® - or® + BO® - oF?

+oc —ogt L
Adding (iv). (v) and (vi)we get.
40° +oF* + BR® = 40" - or® + B&® - oF?

+ ot - OQ2 ...... Cwii)
From (vii) and (viii), we get,
AR?+BP?+CQ?=AQ?+ CP2+BR?

Hence proved.
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Solution 10:

Diagonals of the rhombus are perpendicular to each other.

In quadrilateral ABCD, 2400 = 2000 = 9CF,
So, AOD and ACOD are right-angled riangles,

In AAOD using Pythagoras theorem,
ADZ = 0A% 4 QD2
=04 = AD - 0D ()

In ACOD using Pythagoras theorem,
CO% = QOC% 4+ 0D
=002 CD?P- QDL (i)

LHS = 04 + oc?
= AD* - oD+ CD?- OD* [fromii and(ii 1]
= AD? D% - 2007

2
=1, B
= AD?+ AD2- 2| = AD = CDandOD = =—
= 2
BD?
= 2AD% - —/
= RH=
Solution 11:
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 AACD and applying Pythagoras theorem we get,
Ac? = AD* + D
={(AB* - DBY (DB + BOY?
=B DB+ DR+ Bt 4 2DR . BC (Given, AR = B
= 2BC? +2DB . BC
=28C0(BC+ D5
=28C.DC

HenceFProved.
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Solution 12:

C 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 +(EC + DY
[ ED= EC+C’.D]

Similarly, in AAFC

Ac? = AR* + BC?
AR? = A0 - BC?
putting AF? = AC* — BC%in (), we get,
AD? = AC? - BCP +(BC +CDY?

= AC? +CD{CD +2RC)
AD*= AC* +BD.CD ["2EC+CD = BD)]

HenceProved

Solution 13:

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 p 4 ~+pand applying Pythagoras theorem we get,
COP = AC? + 40P

CD* = AC® +(AB + BDY? [v AD= AB+2BD)

O = ACY+ AR 4+ BDP 4+ 24B . BD )

Similarly,in s 4 g

BC? = AP+ 48

BC?=248° [AB = AC)
AB* = %Bcﬂ ...... (i)

Putting, A from (ii} in (i) we get,

oo = ar? +%Bc2 +BD* 42 4F. 8D

CD?-BD*= AB*+ AB* +2AB (AD- AB)
CD?—BD*= AR*+ AB* +24B. AD- 2AR*
CD*-BD* =248 AD
DCR— BD*=2A4B. AD

Hence Proved.
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Solution 14:
B8

In right angled AADE
AB? = AD? + BD®
= AD® = AB®-BD%........00)

AC = AD+ DC

= AC? = (4D + DC)*

= AC? = AD?+ DO+ 24D x DC

= AC? = ABZ-BD2+DC%+ 28D« DC [fromii)]
= ACT - ACT-BDR+ DCR 424D D [AR = AC)
= B0?-DCR = 24D < DO

Solution 15:

Here,
BD: DC =13
1 3
— BD = —BC and CD =~ BC
4 4
AC* = AD* + op® and AB® = AD" + BD®
Therefore,

4c? — 48* = cp* — BD®

3 ¥ 1Y
) Youl I ;7
4 4

9 2 1 2

=—A58C" - —EBC
16 16

1
~ BC*
2

L 2AC* —24B* = B?

2 Ac? = 2.48° + BC?

Hence proved
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