ANsS :

PROPERTIES OF TRIANGLES-II
WORK SHEET-8

TEACHING TASK

_ A’ 1 1 1 1
Given 2 721} —z+—z+—z+—z

a?+b%+c? A? A? A?

_ A {@—af+(s—mz+@—cf+§i}
AZ

a +b2+c

- a+b2+c A?

~ {432—25 a+b+c)+a’+b?+c? }

4s? - 2s(2s)+a% +b? +¢? }

a +b2+c
_a’+b*+c?
a?+b?+c?
=1
D
i _s—a_i :l—l =r=8
Given A 8 r 8 1
sta_1 :izi =r,=12
A 12 r, 12
sce 1 11,y
A 20 I
1 111
We know, r Eoro
1 1 1
=4+ 4+
8 12 24
_3+2+1
24



Sor=4
We have b?

= (rz-r)(r3+rl)
= (12-4)(24+8)
=8x32
=8x8x4
s b=16
Ans: A

; in AABC, - : :
3. Givenin 2Rr (sin A+sinB+sinC)

\/A A A A
_ Vs s—as—bs-c

2Rr(a+b+cj

2R 2R 2R
___ A
r(a+b+c)
S . A
— since r = —
a+b+c S
S A
= > = s =—
2s r
_1
2
Ans: D

EIRIE)

AT
Ans : A

5. Given [C :%
We have ¢ = 2RsinC

= c:2RsinZ
2



= r=(s-¢) ... (i)

Now 2(r+R)=2(s—c+—J [+ from (i), (ii)]
g

2
=2s-cC
=at+b+c-c
= atb
Ans: A,B

acosA+bcosB+ccosC a+b+c
asinB+bsinC +csin A 9R

6. Given
2Rsin Acos A+2RsinBcosB+2RsinCcosC ~ a+b+c
a L b ° +C a 9R
2R 2R 2R
R(sin2A+sinZB+sinZC) _a+b+c
ab+bc+ca ~ 9R

2R?(4sin AsinB.sinC)  a+b+c
ab+bc+ca ~ OR

,a b ¢

‘2R'2R'2R _ atb+c

ab+bc+ca 9R
= (a+b+c)(ab+bc+ca) = 9abc
Rearangeing the terms we get
a(b”+¢’—2bc)+b(c* +a’ —2ca)+c(a’ +b* —2ab) = 0

= a(b-c)’+b(c—-a)’ +c(a-b) =0
This is possible only when

a-b =0 and b-c=0and c-a=0

= a=b=c

.. AABC is an equilateral triangle



We have area of .. AABC = —a

Ans: D
7. Let A:ﬂrz, Al:ﬂrz, A =rrland A= xr}
Now f f f
\/m’ \/m’

m

ANns : c

8. Let AABC be an equilateral triangle with side 1 unit

We have B =PF,=F, =§

cos A N cos B N cosC
NOW’ Pl PZ PS

_ cos60’ | cos 60° | cos 60°
() ) (3
2 2 2
1
2
2

-3




1
9. We have AzaaP1

_2A

=R
a

2A 2A
similarly P, =5 and PSZT

10. We have r.r.r,.r, = A?

2
= NG =—

Also, rr,+r,r,+rr = s

Now, Kht, —r(Lr, + 10, + 6 )

AZ
=—-r(s")
r

rZSZ

2 . A
= —Is since r =—
r s




=rs?—rs?
=0
Ans : A

11. Given r, = 8, r,= 12 and r,= 24

1 111
We have Lo
1 1 1
=—4+—+—
8 12 24

_1

T4

wr=4
We have r.r.r,.r,=A"

= 4.8.12.24 = A?

= A=96
A
We have r=g
A
=5 =—
r
96
S:_
4
= s=24
A
Now I =
S_
8- 96
24—-a
= a=12
Similarly, b = 16, c = 20
Ans : B,C,D

12. Given (r,-r)(r,-r,) = 2r,r,

A A A A A A
= — — =2. :
(s—b s—aj(s—c s—a} s—-b s-c

ol (el (e oo
— (b-a)(c-a)=2(s—a)

= (b—a)(c—a)=%(23—2a)2



= 2(bc—ba-ac+a’)=h’+c’+a’ +2bc—2ca—2ab
= 2bc-2ba-2ac+2a*= b’ +c?+a*+2bc—2ca-2ab
= a’=b*+c?

. AABC is a right angled triangle with |A= 90°

= |B+|C =90°
Ans : B,C

13. Statementl:
Givena>b>c

= —a<-b<-c
= s—-a<s-b<s-c
1 1 1
> >
s—a s-b s-c
A A A
> >
s—a Ss-b s-c

= 0> >
Hence, Statement | is TRUE

Statement II:
Givena>b>c
consider cosA - cosB
_b’+c’-a® c*+a’-b?
2bc 2ca

ab® +ac® —a®—bc® —ba® +b’
2abc

ab(b-a)+c’(a-b)+b*-a’
2abc

(a—b)(-ab+c®+a’ +ab+b?)
2abc

(a—b)(a®+b*+c?)
= 0
2abc g

..c0sA—-cosB >0

= cosA>cosB
Similarly we can prove cosB > cosC
..cosA>cosB > cosC

Hence, statement Il is TRUE
Ans : A



14. Statement]| :

With the given measurements a = 3, b = 4, |[A = 30°, we cam draw one triangle only

Hence, statement | is FALSE
Statement 1l :

Let AABC be an equilateral triangle with side 1 unit
We havea=b=c=1

A=B=C=60°and

R__L

NE

(a+b)cosC+(b+c)cos A+(c+a)cosB
sin A+sinB+sinC

(1+1)cos60° +(1+1)cos60° +(1+1)cos60°
sin60° +sin60° +sin 60°

2@ e 2)”[ j

Now,

NG
2 2 2
3 2

= ——=—1-=%R

]
2

Hence, statement Il is FALSE
Ans : B

15. Statement| :
Given r,=r,=r,
A A A

1 1 1
: = =
s—-a S-b s-c
= s—-a=S-b=s-cC
= a=b=c

AABC is an equilateral triangle
Hence, Statement is FALSE

Statement 1l :
Given rr,=r,r,

=3I




Ans

16.

:A:E
2

AABC is a right angled triangle
Hence, statement Il is FALSE

B

COMPREHENSION-I
1
We have A = E.a. P,

a

similarly

We have AM >G.M

1 1 1 L

4+ !
AR R (111
3 Pl PZ PS




1 1
>

: —_—
216 PRPPR,
= BPR,PR, > 216
. The least value of P PP, = 216
Ans : D

17. We know AM >G.M

1
1 b2F>1+C2P2+aZP3 > [bzpl CZF’2 azpsjs
b 2 . .

=
c a c a b
2 2 2 1
:>l bP1+CP2+aP3 > (abc PP,P,)3
3L ¢ a b
2 2 2 1
I i B 2(8A3‘)§
3L ¢ a b
2 2 2
:>l bPl+cP2+aP3 > 2A
3L ¢ a b
2 2 2
:>bPl+CP2+aP326A
c a b
- The minimum value = gA

Ans : D

18. Given PP,P, are in A.P

A A A
s—a s—b’'s—c
N 1 | 1 | 1
s—a s—b s-c
= S—-a,S-p,s—c arein H.P
— —-a, —b, —careinH.P
= a, b, c,arein H.P
Ans : B

are in A.P

are in A.P

COMPREHENSION-II

Let AABC be an equilateral triangle with side 1 unit
we have a=b=c=1
A= B= C= 60°

a 1

R:\/§_3



R_1
a b c
+ +
tanA tanB tanC

19.

=+

A
A

&&‘w &l‘n—\

Ans : D

A B
20. Cos?’— +Cos?—+ Cos22
2 2 2

= C0s?30°+ Co0s?30°+ Cos?30°

-[3)(2) 7]

C id 2+—L
onsider R

S
{5

=2+ 9
4

1
4
Ans: C

A B C
21. Sin? E+Sin2§+5in23
=Sin? 30°+ Sin2 30°+ Sin2 30°

(366



ANs:

22.

ANsS :

23.

r
. -
Consider >R

el
[

Integer answer type
Give 2R 4 r= r,

1.3
44

D

abc) A A . abc

2 — |[+—=—+ sinceA=—=
4N ) s s—Db 4R
abc _ A A

:>__—
2A s-b s
abc As—As+Ab

: =
2A s(s—b)

abc Ab
> — =

2A  s(s—h)

ac A
> — =

2A  s(s—b)

1 B

= —— =tan—

sin B 2
:Tang.sin B=1
Clearily B=90°, satisfies the above equation
- Ans:B =90°

90°

Given rn.r, and r,are in H.P

:l,iand larein AP
r1 r2 r3
2 1
=—="+
r2 r1 3
2 1 1 1
=4+ =44+
r2 r2 r1 2 3
3

R

_abe
4A



r.
r

Ans: 3

24. Matrix matching type

a)

b)

(r,=1) (r,=1) (r,=1)

(-4
e ) o)
:A3[s(sa—a)J(s@b—b)J(S(Sic’j

B Alabc
S(S_a)(s—b)(S—C).SZ
Aabc

T AZgE
Aabc ; abe

=22 SInceA =——

S 4R

_%.4RA

S
AZ
=4Rr? since r="2

S

(5+5)(5+5)(5 1)

A A A, A ) Aa,a
_ + * ’
(s—a s—bj(S—b s—CJ(S—C S_EJ
=A3(l+lj(l+lJ(l+lJ
s-a s-b){s-b s-c/{s-c s-a

S )

:{ abc }
(s—a)"(s—b) (s—c)’




_ A°.s%.abc
- 4

A

s?.abc ) abc
= since A=—
A 4R

_s24R.A
A

= 4Rs’
C) nhL+hL+r—r

N 4R si AcosEcosE+4RcosésinEcosg
OW, I +1, =4R sin— > > >SS >

C(. A B A. B
=4Rcos—| sin—C0S—+ C0S—SIin —
2 2 2 2 2

=4R cosg.sin é+E
2 2 2

=4R COSE.COSE
2 2

_4Rcos? &
2

similarly r3—r=4Rsin2E
-'-r1+rz+r3—r=4RCOSZE+4RsinZE
2 2
=4R coszEJrsin?E
2 2
=4R
d r+r+r-r,
. A . B .C A . B C
=4Rsin—.sin —.sin——-4Rcos—.sin —.cos —
Now, r—r, > > 5 > : >

.Bf. A . C A C
=4Rsin—| sin—.Sih——C0S—.C0S —
2 2 2 2 2

=—4RsinE.cos é+9
2 2 2

=—4Rsin E.sinE
2 2



:—4RsinZE
2

B
similarly r,+r,=4R COSZE

R A 4Rcos? 2 _4Rsin? 2
2 2

~4R| cos? 2 _sin? 2

2 2

=4RcosB
Ans: A-q,B-r,C-p,D-t

LEARNERS TASK

1. Given a=13,b=14,c=15

a+b+c
2

_13+14+15

2
=21

Now, A:\/s(s—a)(s—b)(s—c)

Now, s =

= \/21(21—13)(21—14)(21—15)
=/ 21x8x7x6

=84
A
We know, r=;

_ 84

21

=4
Ans . A

2. Given a=5,b=12,¢c=13

a+b+c
Now, s=
2
5+12+13 -
== 12
1

A==12.5=30
2



A
Now, r=—-
s—a

30 _30_,

T15-5 10
Ans: B

3. Given A=48,5=16, and ¢c=4

Now,r, = S_ 16.26pg .4th que

Ans: C

4. Given, a=4,b=5,c=3

_a+b+c
2 s
_3+4+5 g i
2
-6 2
1
Now, A==.4.3=6
2
A
Now, IN=—
S
_5
6
=1
Ans: A

5. Givens=15,b=7, A =24

A
Now, rz—ﬁ

24

15-7

24

8

=3

Ans: D



6. Given, rl=8, r2=12, r3=24
1 1 1 1

—_——=t— 4 —
we knowr Eoror

1 1 1
=4+ 4
8 12 24
_3+2+1
24
_6
24
nr=4
We know A’ =rrrp,
=4.8.12.24
~A=96

1
4

A
We know, r= ;

A
=S5=—
r
"6 _
4
A
We know, rn=——
s—a
g 96
24—a
=24-a=12
—a=12

Ans : B

7. We know A’ =r.r.r,.r,

AZ
== LIh=—
.
r’s® . A
= since r=—
r s
=r.s?

Ans: C



AnNsS :

Given a=30, b=24, c=18

a+b+c
Now, S=
2
~ 30+24+18
2
=36
111 s-a s=b s-c
Now, v " " 7a A A
=s-a:s-b:s-c
=6:12:18
=1:2:3
A

Given A=8, s =1.5=g

A
We know, I = ;

N |

ANsS :

10.

ANsS :

ANsS :

2.

AnNs :

3.

ANsS :

Given r=2,r, =4,r1,=6, ,=12

We know, A®=r.r.r,.r,

= A*’=246.12
= A=24
B

JEE MAINS LEVEL QUESTIONS

B
We know, r=(s—-b) tanE
B

1,11 1
We know, norr
B

(r=r)(r,=r)(r,—r) = 4Rr?
B



4Rsin ésin Esin E.4R sin écosEcosE
I _ 2 2 2 2 2 2
4. ] }
ol 4Rcosés|nEcosEARcosécosEsmE
2 2 2 2 2 2
= tané
2

Ans : B

R
5. Given = E and r=rr

We have I,—T = 4Rsin2§
= 7r-r = 4Rsin2§

= 6r = 4Rsin2§

= 6(5j = 4Rsinzé
6 2

Ans : D

i r cotE+ cotg
6. Given > >

) r[S(S—bLS(S—C)j

A A

= i(ZSZ —s(b+c))

1 ) A
= —_ 2 2— 2 — = —
s( s*—s(2s a)) since r S

a
Ans : A



A B C
i r?.cot—.cot—.cot—
Given > > >

2.s(s—a).s(s—b).s(s—c)
A A A
- 2—23. s(s—a)(s-b)(s-c).s?

2
r 2 .2
ZEAS

= A% A since r=—

Since right angle is at A
We have a? = b?+c?

a 1
R=—, A==hc
Also, > >

A A
N+r=—+—
s-b s-c

Now, PRl - [ abc }

_ (s—b)(s-c)
bc
] (a+l2)+c_bj(a+g+c_cj
bc

(a-b+c)(a+b-c)
4bc




AnNsS :

ANsS :

10.

B

a’+ab—-ac—ba—-b?+bc+ac+bc-c?

4hc
_ 2bc since a’=b?*+c?
4bc
_1
2

‘. cosl[ R j= cos™ (Ej = 60°
r, +1, 2

Given r+tr=r,+r,

A A A A
s—a S s-b s-c
1 1 1 1
- — — = _t
s—a S s-b s-c
N 2s—a _ 2s—-b-c
s(s—a) (s—b)(s—c)
- 25—a _ a
s(s—a) (s—b)(s—c)
2s—a s(s—a)
= =
a (s—b)(s—c)
= 2121 = Tanz(éJ
a 2
S 2 0
= 2|—|-1 = Tan“30
a
= 2 S -1 = 1
a 3
S 2
: —_— = R
a 3
A
Given r,=2r,=3r,
A 2A 3A
- = =
s—a s-b s-c
1 2 3
- = =
s—a s-b s-c



ANsS :

11.

ANsS :

12.

AnNsS :

13.

12 3 1
et S 2 T Sob s—¢ K
= s-a=K, s-b = 2K, s-c = 3K
Adding these equations, we get 3s-(atb+c) = 6K

= 3s-2s = 6K
= S =6K
Now
s—a=K s—b=2K s—c=3K
=6K-a =K =6K-b =2K =6K-c =3K

a b ¢
Now, —+—+—
b ¢ a

5K 4K 3K
4K 3K 5K

Nl
+
w|
+
ol w

ADVANCED LEVEL QUESTIONS
In AABC

. A
Inradius r = S

= 4RsinésinEsinE
2 2 2
A,B

A
We have K= stanE

B
= (s—c)cot—
(s=c)cot
C
= (s—b)cot—
(s—b)cot
A,B,C
Statement Type:
Statement |: Leta=2,b =3

1 .
We know, Area of triangle A = EabsmC



Ans

14.

ANsS :

A:%x2x3xsinC
=3sinC
We know -1<sinC<1
= -3<3sinC<3
= -3<A<L3
-, The area can not exleed 3

Hence, statement | is TRUE
Statement 1l :

Area of AABC = %absinC

Hence, statement Il is TRUE

A

Comprehension I:
Given a=6,b=10,c=8

a+b+c

We know S= >

S_6+10+8
2

= s=12

Also AZ%B.G =24

A
r=—
s
_ 24
12
B
P oA
' s-a
I B S
12-6 6
A
r=—
R S
12-8 4



17.

Ans

18.

ANsS :

19.

20.

ANsS :

21.

Comprehension-Il:
Given in AABC, r is the inradius and r_,r,,r, are the radii of excircles

A B C
r| cot—+cot—+cot—
2 2 2

FECURLD R

A A A

=£(352 ~s(a+b+c))

r
= Z(332 - 252)

rs?

A

rs? ) A
= — since r=—
rs s

=s
A

A B C
I, cot —+r, cot—+ 1, cot —
2 2 2

_ Sroot2
2

Conceptual

Integer answer type questions
In an equilateral triangle, the orthocentre and incentre coincides.
Hence, the distance between them is zero

0

In an equilateral triangle
We have a = /3R and

3
r=—R
)



a:@:&@

2

- . The denominator = 3
Ans : 3

22. Matrix matching type :
a) Given A = 40043

s = 20(2+J§)
A
We know, I = S

__400y3  2-43
_20(2+J§) 2-3

= r= 20\/5(2—\/5)

= r= 20(2@—3)

b) Given A = 4003 and

s—a=203
A
Now, I = ——
S—a
40043
203
=20

c) Given A = 40043 and a+b-c = 40(2—«/5)
= 2s-2c = 40 (2-43)

— S-C = 20(2—«/5)

A
Now, h=——
S—C

400+/3 X2+\@
20(2—J§) 2+3

20V3(2++3)




d) Given A =40043 and abc = 64000~/3
We know A =22
e KNnNow AR
_ abe
4A

64000+/3
R=——+
4x400/3
= R =40
Ans : A-q, B-s, C-r, D-p

=R

ADDITIONAL QUESTIONS
1. Givenatb+c=70 ......... (1)

r=6
Now, 2s = a+b+c

=70 A
N c
©$=35 b

1
Also, A ==ab
2
1 ]
:rs=5ab since r=

= 6.35 = lab
2

=ab=420 .......... (i)
We have, a?+b? = c?
= (a+b)2—2ab: c?

= (70-c)’ -2(420)=c*  [from (i), (ii)]
upon solving, we get ¢c = 29

Now, |a-b|= ‘/(a+b)2 —4ab

J(70—c)’ —4ab

J(70-29)° ~4.(420)
- /1681-1680

=1
Ans : A



2.  We know that r,+r,+r,-r=4R

C
Also, r +r,= 4RCOSZE

" 4Rc032%+ r,—r=4R
= r3—r:4R—4RCOSZ%

= r3—r=4R(l—cos2 %j

= r3—r:4Rsin2%

Given r,=r, +tr,+r
= L—r=1+1,

= 4Rsin29= 4RcosZE
2 2

= Taan: 1
2

Ans: C

3. Let AABC be an equilateral triangle with side lunit

we have
a 3
R:ﬁ I’1=I’2=I’3=ER
1 3
Also I =~
1
= r=—



Now, r’+r7 +r} +r?

GG

Now, 16R?-(a?+b?+c?)

1 2
=16[—j —(12+12+12)

4. Given sin’ é+sin2 E+sin2 c
2 2 2

= sin?30° +sin?30° +sin?30°

(366

Ans : D

r
5. We know cosA+cosB+cosC = 1+E
Given 4r = 3R

=

r_3
R 4



. c0SA+cosB+cosC = 1+%

!
4
Ans: D

6. Let AABC be an equilateral triangle with side 1 unit

We havea=b=c=1
A=B =C =60°

Pl:PZZPszﬁ and
2
A3
4
1. 1 1_2 2 2
W RTR R B VB B
_ 2
J3
2abcos? &
Consider — 2
A(a+b+c)
_ 2.1.1.cos*30°
\@.(1+1+1)
4
3
B 2.2 _i
33) V3
4
Ans : A

7. Let AABC be an equilateral triangle with side 1 unit
We havea=b=c=1

R=2_1
3 3
3 3
L=r=r=—R=—
1 2 3 2 2

Also area A =

A‘a‘



n+r

8. Given 1+ cosC

NRe
2

 1+c0s60°

N2
1+1‘/§

Consider 2A 2{‘/5]

Ans: C

9. Conceptual



