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[EEE —————

Projection of a Point:

The projection of a given point on a line segment is the foot of L C
drawn from the point on that line segment. If CD LAB, then
evidently D is the foot of perpendicular CD from the point C on p
the line segment AB. However projection of a pointp lying on A __ D B

the AB is the point itself.

Projection of a Line Segment:

The projection of a line segment CD on a line

s
segment AB 1s the portion EF of the lat E{i\ogV

intercepted between foots of the pﬁrpendz

drawn from C and D. However projeeiix {]f a . .
@ A E F B A E B

<3

vertical line segment CD on aline segment AB

1S a point on A8 which 1s-0f z€ro dimension.

of

THEOREM 1

In an obtuse angled triangle, the square on the side opposite to the obtuse angle is equal to
the sum of the squares on the sides containing the obtuse angle together with twice the
rectangle contained by one of the sides, and the projection on it of the other.

Given: ABC is a triangle having an obtuse angle BAC at A. Draw
@perpendicu]ar on BA produced , so that AD is the projection
of AC on BA produced.

Take mEE = A ,.rnE:f_! = b, mﬁ = c,mE =x and m@ = h

To prove: (mBC')fl- (mA_C | (HIE); Q(JHE)(HIE)

e..at=b?+c?+ 2cx
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Proof:
| - o Statements _ | Reasons —]
| ln ..il[ ._\LCDJ"‘\-.
mZCDA = 90° Given |
(”“"C)_"“ (”’-E]': (maﬁ)' Pythagoras Theorem
| !
Or b = x2 + h? ..........»1)
- In Zrt ACDB.
mZCDB = 90° Given
(HLBC ):‘l- (mBD)zz (mﬁ)z | Pythagoras Theorem
| | . |
or a? = (c+XxX) + h? | mBD+mBA=mAD
‘ a* = c?+2cx+x2+h? ....... (11)
| Hence a2 = 2+ 2cx + b? | Using (1) and (11) |
1.e., a? = b?+c?+ 2cx
—v v == — o)
| or (mBC)+ [HIAC)+ (H:AB)= ?..(;HAB](HIAD) ’
- — — - - e
B einjllH In a AABC with obtuse angle at % ,:(ﬁ 1s an altitude on BA produced
and mAC= mAB then prove that gl(mAB

and CD being altitude on 1&,

SRS | N
To prove: (mBC] =2(m A8
Proof: In a AABC, having obtuse angle BAC at A.

]— Statements -

B
|

(n8C)+ (mBa)+ (mAC)= 2(mBa)(mAD) | By theorem 1 I

= (”’E]i* ("’j‘_ﬁ)i“ 2(mAB)(mAD) | WAC=mAB (Given)

;_j(:nAB)iz(”iB](riﬂ) Taking Z(an_ﬁ_ﬂ)as common |
(mBC') +2mAfJ(rnAB= mAD)

| On the line segment BD, Point A is between |
(mﬁE)“ - 2(1}1AB](H:BD) & wnd 12

l -  — - S —
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The opposite angles of any quadrilateral inseribed in a circle are supplementary.
Given: ABCD is a quadrilateral inscribed in a circle with centre O.

IMmZA+mzZC =2ty

To Prove:
\mLB+msD=22rts

Construction: Draw OA and OC .
Write 21, 22, 23, Z4. 25 and

26 as shown in the figure.

Proof:
| Statements ‘ Reasons
Standing on the same arc ADC, £2 15 a central angle. Arc ADC of the circle with centre O.

'
Whereas £B 1s the circum angle

()
| .,.
m£LB = ~ (MFE) @00 ccsessdass (1) @QC%B}' theorem |

@
| Standing on the same arc ABC, Z4 1s @%ral angle | Arc ABC of the circle with centre O.
whereas ZD 1s the circum angle. @Q@S

|
1 & ..
. B ITI.KD —_ "é' (méi") .......... (“.) B},r tl1eorgm I
> mZB4msD= o ml2e msd | Adding (i) and (ii
= %{méZ + msd) = ; (Total central angle) '

l.e., mLB+mZD = > (4.4'[1;) 221t

Similarly mZA + mZC =24t

—
"

Corollary 1: In equal circles or in the same circle if two minor arcs are equal then angles inscribed

by their corresponding major arcs arc also equal.

Corollary 2: In equal circles or in the same circle, two equal arcs sublend equal angles at (he

circumference and vice versa.
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Q.2 Find mAC if in ABC, mBC = 6cm, mAB = 4\/5-::::1 and mZABC = 135",

Solution:
Given:
mBC = 6cm
MAB = 4\56111
mZABC =135°
To Find: mAC = ?
Calculation:

In obtuse angled triangle ABC, by theorem 1

(mﬁ*ﬂ.’:)2 = (mAB)Z - (mBC)Z -{-Z(mE) (mBD] ......... (1)
[n right angled BCD O@Q®
mBD OQ\;»

N
Cos 45° = (D
mB C @\’%s

\/_

mBD = 2

— TR
V2
Now putting the corresponding values in equation (1) we get

(mﬁ)i (4\515*!”)3 (6-::}?1)2: 2('4 / {:m) icm

= 10{(2 sz) + 36cm” + 8cm (6¢cm)
— 32 cm?® + 36 cm“+ 48 cm’

=116 cm”

By taking square root of both sides, we get

\/(;EE)? = \/I l6em” = \/4x29n:mi31

mE = 2\@ CIM
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THEOREM 2

In any triangle, the square on the side opposite to acute angle is equal to sum of the squares
on the sides containing that acute angle diminished by twice

the rectangle contained by one of those sides and the projection
on it of the other.

Given:  AABC with an acute angle CAB at A.
Take mBC=a mCA =b and mAB=c
Draw CD 1 AB sothat AD is projection of AC on AB

Also, mAD = x and mCD=h

? ?

To prove: [mBC’]H =(mAC)2 +(mAB) 2 (mﬁ)(m}-i_ﬁ)

1.€., a2 = b2+ ¢c?-2cx Q@

_ ©
Pruuf.- _ " Q%\O o
_ T
| Statements &g Reasons
| . . 0
In Zrt A CDA o®

l mZCDA = 90° 1 Given

2

(m:{E]i (mAD): (m D)z

Pythagoras theorem

e, bPP=x2+h® ... (1)
In Zrt A CDB,
m/CDB = 90° T
S y 3 —_2
( mBC )+ (mBﬂ)z ( mC'D) Pythagoras theorem

a2=(c—-x)*+h? From the figure mBD = (C—X)

lor a2=c?-2cx +x%+h?

az = c?-—2cx 4+ b?

Using (i) and (ii)

Hence, a2=b?+ c?- 2cx

e

\2

1€, (mﬁrz(mﬂ(:)z+(uiﬂi) 2[111;\7?](mm)

e -
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(APOLLONIUS’ THEOREM)

In any triangle, the sum of the squares on any two sides is equal to twice the square on half
the third side together with twice the square on the median which bisects the third side.

A
Given:  InaAABC, the median AD bisects BC.
e, mBD=mCD
To prove: (mAB):I- (mAC)_ =2'(mBD)Q— 2(mAD); 3
Construction: Draw AF 1 BC i L (
D
Proof:
I I A\
Vet
Statements @ |

Reasons

In AADB Since ZADB 1s acute at D
H

. (mAB) =(mBD) +(mAD) znwum)..wm
Now in AADC since ZADC.is obtuse at D
(nmc)i [,r-nCD]i (mAD < 2(mCD)(m D)....... (ii)
Then

(mAB)i— (!HR]; (mﬁ)i (mCD)i '“(HMD)

-2 (mﬁ) (H:FD)
Also  mBD=mCD
SO

(mﬁ){k (mAC‘)j- (rnBD}i (u-:BD)i Z(rnle)E
_M + }ij_B)(ﬁﬁ;

(mAB)+ (mAC) =2(mBD)+ 2(mAD)

— —— i " I - T - s N | TR SR am

=

(mCD](mE)...{iii) _

Using theorem 2

Using theorem |

Adding (i) and (i)

Given

Using (111) and (iv)
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In AABC, ZC obtuse,
whereas BDis projection of ABon BC.
Pl'j['l"ﬁr'ﬂ thit [HIIE)- Z(Hl-A_é]l +[.'HBC )2

Given:

AD LBC produced,

1S

-2(wEC) (D)

[na AABC. ZBCA is obtuse so that ZB is acute, AD 1 BC produced
whereas BD is projection of AB on E_Epmducad.

To prove: (m:’;?): =(1rnff'un'3‘-)2 4—(1*?15’(:')3 — Z[JHR}(rJIEB)
Proof: | N
Statements Reasons i
' In Zrt AABD '
2 —_—2 2 Pythagoras theorer

. (mAB)+ (maD)= (mBD) ... Gy | BT RO

n £t AALD Pythagoras theorem
(mAC)+ (mAD)= (mCD) @Sy _(ii) | mBC=mCD+ mBD

or (mAC) =(mAD) +(mBD-mBC) o

Using (i) and (ii1)

l (mAC) =(mAD) +(mBD) +(mBC) —j@&%’\(mm} (iii)

(mAC) (mAB) +(mBC) -2L

A@\/

) (mBD)

In an isosceles

mAB=mAC and BE

C, then prove that (mﬁé)z = Z(mzﬁ)[mﬁ)

Given: In an 15s0sceles AABC
mAB=mAC and BE L AC

Whereas CEis the projection of BCon AC

To prove: (mBC)’ :2(mﬁ) (mﬁ)
Prool: E— S
~ Statements B I ) Reasons -
| In an isosceles AABC with mAB=mAC. If ZC is
I acute, then
By theorem 2

(mAB) =(mAC) +(mBC)’ ~2(mAC)(mCE]

Given mm:mﬁ |

| (mAC) =(mAC)" +(mBC)" -2(mAC)(mCE)

—\2
" I Cancel (mAC) on both sides
(mBC)" —2(mAC)(mCE)=0

2
(mBC)

el i o —

' Or :Z(mm](ma) | |

A — — Ty

Please visit for more data at: www.pakcity.org



WwwWw.pakcity.org wWwWw.pakcity.org

EXRCISE 8.2

Q.1 InaAABC calculate mﬁ:
When mAB =6Hcm, mAC=4cm and mZA=60°

Solution: C

Gfi"r"li'n: Il‘l i L"B.ABC. Hlﬁ :6{:[‘[]‘ mEE :4Cm and mZAzﬁﬂﬂ

To find: mBC=?

S O e e .

Calculations: Al " B
[n acute angled triangle ABC, by theorem 2 6cm
(mBC): — (m:‘i—(-:'-)l +(rr*1AB)E —E(HTEE](HIAD) .......... (1)
O
In right angle A ACD @QQ

_ N\
Cos60° = 242 %g@
O

?HE&:

] mAD {

— e e

7 8

lﬁz;l_D = Z2cin

Putting the corresponding values in equation (1), we get

(mEE)E = (4cm)? + (6cm)? - 2(6cm) (2em)
(mBC’)z = 16cm?® + 36 cm” — 24 cm®
(}TIBC)E = 28cm’
J(mBC) = Jasen®

mBC = 5.29cm
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Q.2 1In a i\ABC.IHI_ﬁ=6L‘lll..IIIB_C=SCI11,]]1E2913!]1 and D is the mid-point of side
AC. Find length of the median BD.

sSolution:
Givon:
Ina ABC.
MAB = 6em
mBC = 8cm
mAC = 9cm

To Find: Length of median i.e. mBD= ? derm
Calculations:

By Apollonius' theorem

Ina ABC

S8V
mAD = %(Qcm) 4.5¢cm %@&
. P>

-

(6cm)vzs~ (8cm)’ %(4*51;:11}]:5%- mB[Tl}1

1 7 ¥ —\2
36cm+ 64dcm” 2(39.25t:m“}- E(mBD]
100cm=+ 40.5cm= E(mB_[-)-)z

. g —\*¢
100cm® —40.5cm” = ?.,.[mBD]

lmBDE 5.45¢cm
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Q.3 Ina Parallelogram ABCD prove that (m?«f)1 + (mﬁ)z =2 (mAB]J’ + (mHLf

Given: ABCD is a Parallelogram. 7
ﬂ _

1o Prove: (ln:‘\f):+ (111E_D):: 2 (mm)l (mﬁE]

Construction:

--------

Extend AB beyvond B. Draw DM L AB and CP L AB extended. a w | B P L

Proof: - - - ; _
L - Statéme_nts ' - Reasons J
' In AABC. ZABC is obtuse
| (m;f]i}— (mﬁ)+ (mﬁ); E(mﬁ)(mﬁ’) ----- ....(1) | By theorem |
In AABD, ZBAD 1s acute .
(mﬁ)- = (mﬁ)l + (rruﬂ;]:?!)2 - E[mh—}(mAM) By theorem 2
( AMD = BPC ie mAM = mBP

= (m?‘-@)3 < (mﬁf]z -2 mIE_?:) mﬁ) ...(11)
g

o _).1 o . @Qggy adding (1) and (1)

=2 (mAB) + (mBC)

Q. 1 Ina AABC, mZA = 60°, N
Prove that (mﬁa —(mAB) +(mAC) -

Solution:
Given: Ina ABC, mZA~= 6("°

To Prove: (mﬁjz =(mﬁ)z +(111E6]2 —-(mﬁ)(mﬁ)

Proof: [n acute angled triangle ABC, by Theorem No. 2

-
"—

(#TZB—C) = (HIE): + (mﬁ)2 - E(HIE)(IH—A_D) ....... (1)
In right angled A ACD
mAD ] mAD |

Coshb()® = S - = ——— ( CDSE)OE — —)
mAC 2 mAC 2
mAD = %J‘HE

Put 1t 1n equation (1)
(mBC)' = (mAC) +(mAB) ~2(mAB) = mAC

(mBC)' = (mAC) +(mAB) - 2 (mAB) < mAC

| Z

(mBC) = (mAC) +(mAB) ~(mAB)(wAC)  Hence proved
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—y 2 - — — 2 —_ =

Q. 2 Ina AABC, mZA = 45°, prove that (mBC) =(mAB)” +(mAC) —\E(mABJ(mAL).
Solution:
Given: Ina  ABC, mZA = 45°

A O Y R —
1o prove: lmBC] (mAB) +(mAC) —-\E(mAB)(mAC)
Proof: In mangle ABC, Z A is acute so by Theorem 2

% TP— R — ] ——

[me’) = thC) +(mAB) —'Z(HIAB](HIAD) cevnen. (1)
In night angled A ACD

Cosds5® = i”;i'k_g
JE_C

_l_ ~ mAD
w@ mAC
MAD = ELJHE

%
Put 1t 1n equation (1)

»

(mBC)_ = (mA_C)Z+( B) —Z(rn 48) ——mAC@Q®
(mBC] [mﬁ)ﬁ (mAC HIAB&Q%% 2 _f3

7
Q.3 Ina AABC, calculate mBC w @%%AB =5cm,mAC=4cm,m~LA = 60°
Solution:

Given: In a AABC mAB =5cm, .
To Find: mBC =7 d\ﬂ

Calculations: In triangle ABC, £ A is acute so by Theorem 2

(mBC)" = (mAC) +(m,43)3 ~2(mAB)(mAD)

AC =4cm, mcA =607

C

g

_2 , d I
(mB'C') — (41:'}”]' -1-(5{.3r11,)2 —Z(SL'H:][HIAD) caitb g
[n right angle A ACD

mAlD | inAD . |
Cos60° = —= — = ( Cos60" = —)
mAC 2 dem 2
2em = mAD [mAD = 2cm
Putting the corresponding values in equation (1)
A .

(Hlﬁl:.} = (HIAC.] —i—(.'nAB) —Z(NIAB](HIAD)

- (4cn1)2+ (Scm)z 7(5Lm] (2cm)
= lﬁu‘n + 2‘5Lm ~ 20em”
—~ dlem® - 20em”

2

(HIB( ) = 2I£,m

mum’ ) /ZIrm ‘mﬁa_: 4,58 cm
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Q.4  InaAABC, calculate mAC when IIIH=5CIII,IIIE=4J£CIII, mzZB = 45°
Solution:
Given: In a AABC mf\B::'icm.. :11?C=4ﬁum, mZB = 45°
To Find: mAC =
Calculations: In 'u.utu angled triangle ABC by theorem 2

(mAC) =(mAB) +(mBC) —2(mAB)(mBD)

(ruﬁ)a ={3cm)* + [Jﬁcm):rﬂE(Scm)(mﬁ)
mBD = ?

In nght angle ABCD

mBD

mBC

mBD

|
ANV,
1 = E—Ifﬂ mBD = dem

Putting the value of mBD in equation (1)

Cosd5° =

=25cm” + 32¢cm® — 40cm?

= 25¢m” + 16(2‘3{“2) — 40cm” @%
@%

=57cm” —40cm?

&
(mAC') = 1 7cm? @@

\/(mAC) =J17cm? YWAC = 4.12 cm]

Q.5 In a triangle ABC, mBC = 2lem, mAC =17cm, mAB =10cm . Measure the length
of projection of AC upon BC.

Solution: - _ P
Given: In a triangle ABC, mBC=21lcm, mAC=17cm,mAB =10cm
To Find: Projection of AC upon BCie.,, mDC =7 A

Calculations: In tniangle ABC, £ C 1s acute so by theorem 2
(mAB) =(mAC) +(mBC) -2(mBC)(mDC)

(10cm)’ =(17cm)’ +(21em)” —2(21em)(mDC)

RR I TT

13

3 7 | pp— ;_']- |
100cm® = 289cm?® + 44 lem” —42cm (m DC] -—

Jlvm

O0cm® — 289cm® — 44 1em® = —42¢m (mf)'E)

~630cm’ =—42cm “nD_t]

ﬁ?ﬂcm__ — mDC mDC=15¢m

—d2cm
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Q.6 In a triangle ABC, mBC =2lcm, mAC =17cm, mAB =10cm. Calculate the

projection of AB upon BC.
Solution: A
Given

mEE = 2lcm
MAC =17cm
mAB =10cm

| Ocm

To Find: Projection of AB upon BC i.e mBD =7 B _ =~ C
Calculations: .._D—_—_a,.
[n tnangle ABC, £ B is acute so by theorem 2 <lem

(mAC)j = (mA.B)1 +(mBC)1 —2(mﬁ)(mﬁﬁ)

(17em)” = (10cm)’ +(21cm)’ —2{21cm)(mﬁ3)
289cm* =100cm” +441cm® —42cm (mBD)
289cm”* = 541cm’ — 42¢m (mBD)

o __ )
289cm® - 541cm® = —42cm (mBD) ©
~252¢m” = —42cm(mﬁ)

~75%0m - —
252cm  — mBD
—42cm

[mBD = 6cm)

Q.7 InaAABC, a=17cm, b=15cm and ¢ = 8cm. Find m ZA.

Solution:

Given: Ina AABC, a=17cm, b= 15cm, ¢ =8cm

To Find: mZA =7

Calculations:

Sum of squares of two sides = b* +c
=(15cm)? + (8cm)?
= 225cm” + 64 cm?’

2

=289 cm” ..... (i)
Square of length of third side = a’ b=15¢cm
= (17cm)’
=289%m”..... (ii)
From (1) and (11) B c=8cm A
a’=b" +c”

The result show that the triangle ABC is right angled triangle with side a = 17cm as hypotenuse.
The angle opposite to the hypotenuse is right angle i.e mZA =9(°
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5. Ina AABC,a=17cm, b= 15cm and ¢ = 8cm find m£B.
Solution:
Given: In a AABC, a=17cm, b=15cm, c¢=8cm
ToFind: mZB =7
Calculations:
Sum of squares of two sides = b” + ¢
= (15cm)? + (8cm)?
= 225cm” + 64 cm”
=289 cm” ..... (i)
Square of length of third side = a°
= (17cm)’
= 289cm” ..... (ii)

From (1) and (11)

2_ 12, .2
a=b" +cC
The result show that the triangle ABC is right angled triangle with mZA = 90°
' [5¢

[n tnangle ABC, tan mZB = L = - a

Base scm

O,
mZB = tan™ -]--;—- @QQ.#_’B = (61.9)°

Q.9 Whether the triangle with sides Scm, zc{@%gm is acute, obtuse or right angled.
Solution: N

In a triangle ABC, leta=5cm, b= ?CIN@BCIH
9,

Sum of squares of two sides = a2 + b? Q
Ty

= + 49cm”

= Fdem?® . (i)
Square of length of 3" side=¢*

= (8cm)”

=64cm” ... L. (11)
From (i) and (ii) 74cm?® > 64cm’ i.e.

a2 + b2 > ¢

The result shows that the triangle with sides 5cm, 7cm, 8cm 1s acute angled triangle.
[t is acute angled triangle. _
Q.10 Whether the triangle with sides 8cm, 15cm, 17cm is acute, obtuse or right angled.
Solution:
[n a triangle ABC leta = 3cm, = l5cm, c¢=17cm
Sum of squares of two sides = a? + b?
= (8cm)* + (15cm)?
= 64cm” + 225 cm’

=289 cm’ ... (i)
Square of length of 3" side = ¢
= (17cm)’
=289Cm’ oo, (i1)
From (1) and (1)
1.€ a® +h% =¢*

Result shows that triangle with sides a = 8cm, b = I5¢cm and ¢ = 17cm is night angled triangle.
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