PROPERTIES & SOUTIONS OF TRAINGLE [JEE ADVANCED PREVIOUS YEAR SOLVED PAPER]

JEE ADVANCED

Single Correct Answer Type

1.

In triangle ABC, angle A is greater than angle B. If the
measures of angles A and B satisfy the equation 3 sinx -
4 sin'x —k =0, 0 <k < 1, then the measure of angle C is

.E l:-.E c.gﬁ d.éf—
3 2 3 6

(IIT-JEE 1990)

. If the lengths of the sides of triangle are 3, 5, and 7, then

the largest angle of the triangle is

a. d b. IE C. A d. 3%
2 6 3 4
(IIT-JEE 1994)
In triangle ABC, £B = n/3, and £ZC = m/4. Let D divide
sin ZBAD
! lly in the ratio 1:3. Th I
BC internally 1n the ratio en <in ZCAD equals
1 | 1 2
A, —= b— w— C. —= d- =
J6 3 S 3

(IIT-JEE 1995)

In triangle ABC, 2ac sin (%(A - B+ C)] is equal to

2 2 )
b.c"+a - b°
d.c*-a*-b

(IIT-JEE 2000)

c. b -c*-adt

. In triangle ABC, let ZC = &/2. If r is the inradius and R

is circumradius of the triangle, then 2 (r + R) 1s equal to
a.a+b b.b+c c.c+a d.a+b+c
(IIT-JEE 2000)

. Which of the following pieces of data does NOT

uniquely determine an acute-angled triangle ABC
(R being the radius of the circumcircle)?

10.

b.a,b,c
d. a, sinA, R
(IIT-JEE 2002)

a. a. sinA, sinB
¢.a,sinB, R

. If the angles of a triangle are in the ratio 4:1:1, then the

ratio of the longest side to the perimeter 1s

a. V3:2+ V3) b. 1:6
¢. 1:22+ 43 d. 2:3 (ITT-JEE 2003)
The side of a triangle are in the ratio 1: J3 :2, then the

angles of the triangle are in the ratio

a. 1:3:5 b. 2:3:4 c. 3:2:1 d. 1:2:3

(IIT-JEE 2004)

. In an equilateral triangle, three coins of radii 1 unit each

are kept so that they touch each other and also the sides
of the triangle. The area of the triangle 1s

a.4+23 b. 6 +4+3
7V3 7V 3
c. 12 + —4£ d.3+ Tf
(IIT-JEE 2005)
In triangle ABC, a, b, c are the lengths of its sides and A,

B, C are the angles of triangle ABC. The correct relation
1S given by

=acos—

a. (b-c)sin[B_C) $



11.

12.

13.

14.

15.

1.

b. (b-rc) cns(i) = a sin el ©
2 2
c. (b+0¢) sin(B+C) =acn5-§—

A

d. (b-c)cns[;] =2asinB+C

2

(ITT-JEE 2005)
One angle of an isosceles triangle is 120° and the radius

of its incircle is +/3 . Then the area of the triangle in sq.
units is

a.7+123 b.12-73

c. 12+743 d. 4r

(ITT-JEE 2006)
Let ABCD be a quadrilateral with area 18, side AB parallel
to the side CD, and AB = 2CD. Let AD be perpendicular
to AB and CD. If a circle is drawn inside the quadrilateral
ABCD touching all the sides, then its radius is

a. 3 b. 2 nl:.E d. 1
2

(IIT-JEE 2007)

Let ABC be a triangle such that ZACB = /6 and let a,
b, and ¢ denote the lengths of the side opposite to A, B,
and C, respectively. The value(s) of x for whicha = x* +
x+1,b=x"-1,and c = 2x + 1 is (are)

a. —(2+/3) b. 1+/3
c. 2+43 d. 43

(IIT-JEE 2010)

if the angles A, B and C of a triangle are in an arithmetic -

progression and if a, b and ¢ denote the lengths of the
sides opposite to A, B and C respectively, then the value

of the expression Zsin2C+ < sin24is
C a
] 3
a > b. % c. 1 d. 3

(IIT-JEE 2010)
Let POR be a triangle of area A witha =2, b= 7/2, and
¢ = 5/2, where a, b, and c are the lengths of the sides
of the triangle opposite to the angles at P, Q, and R,

respectively. Then ssmF=sindP equals
R 2sinP +sin2P )
2 2
q, i h' £ C. [i d_ ..ﬂ.-s_
4A 4A 4A 4A

(IIT-JEE 2012)

Multiple Correct Answers Type

There exists a triangle ABC satisfying the conditions
a.bsmA=a,A<n/2 b.bsinA>a,A>n/?2
c.bsinA>a,A<n/2 d.bsinA<a,A<n/2,b>a
e.bsinA<a,A>n/2,b=a (IIT-JEE 1986)

. In a triangle, the lengths of the two larger sides are 10

and 9. respectively. If the angles are in A.P., then the
length of the third side can be
d.5+ 6

a. S5- \/t_i b. 3 \/?: c. 5
(IIT-JEE 1987)

. If in a triangle PQOR, sin P, sin Q, sinR are in A.P., then

a. the altitudes are in A.P. b. the altitudes are in H.P.

¢. the medians are in G.P. d. the medians are in A.P.
(IIT-JEE 1988)

. Let AAAAAA, be a regular hexagon inscribed in a

circle of unit radius. Then the product of the lengths of
the line segments AA,, AA,, and A A, is

a.% h.3~./§ c.3 d.-%?

(IIT-JEE 1998)

. In AABC, internal angle bisector of ZA meets side BC in

D.DE 1. AD meets ACin E and AB in F. Then

a. AEis HM.of bandec b. AD = 2be cusi
b+ c 2
¢c. EF = 4bc sini d. AAEF is isosceles
b+c
(ITT-JEE 2006)

. A straight line through the vertex P of a triangle POR

intersects the side QR at the point S and the circumcircle
of the triangle POR at the point T. If § is not the center
of the circumcircle, then

1 l 2 ] ] 2
a. + < — b. + >
PS ST JOSxSR PS ST JOSxSR
] | 4 ] l 4
C. + < d. + > —
PS ST QR PS ST OQOR
(IIT-JEE 2008)

. Inatnangle ABC with fixed base BC, the vertex A moves

such that

cosB+cosC=4 sin"'g

If a, b, and c denote the lengths of the sides of the triangle
opposite to the angles A, B, and C, respectively, then
ab+c=4a
b.b+c=2a
c. locus of point A is an ellipse
d. locus of point A is a pair of straight lines

(IIT-JEE 2009)

. In atriangle PQR, P is the largest angle and cos P = 1/3.

Further the incircle of the triangle touches the sides PQ,
OR, and PR at N, L, and M, respectively, such that the
length of PN, QL, and RM are consecutive even integers.
Then possible length(s) of the side(s) of the triangle is
(are)
a. 16 b. 18 c. 24 d. 22

(JEE Advanced 2013)



Matching Column Type

statements/expressions in Column II.

1. Match the statements/expressions in Column I with the

in A.P. and cos 6, = ——,

(8 ~( 0
then tan- (—‘) +tan” (—3] -
2 2

Column I Column 11
o l (a) 0
(1) zlan"( .,)=r,then tan 1 =
jinl 21
(11) Sides a, b, ¢ of a triangle ABC are (b) 1

(i11) A line is perpendicular to x + 2y +
2z = 0 and passes through (0, 1, 0).
The perpendicular distance of this
line from the origin 1s

Js
(c) S

(d) 2/3

(II'T-JEE 2006)

statements/expressions in Column 11

2. Match the statements/expressions in Column | with the

Column 1

Column 11

(a) In a triangle AXYZ, let a, b and
¢ be the lengths of the sides
opposite to the angles X, Y and
Z respectively. If 2(a® - b?) = ¢°
and 1 = sin(X-Y)

sin Z
values of n for which cos(nzd) =
0 1s (are)

then possible

(p) |

(b) In a triangle AXYZ, let a, b and
¢ be the lengths of the sides
opposite to the angles X, Y and
Z, respectively. If 1 + cos2X -
2c0s2Y = 2sinXsinY, then possible

value(s) of % 1s (are)

(q) 2

(c) In R?, let V3i+j.i++/3] and
Bi +(1-B)j be the position
vectors of X, Y and Z with respect
of the origin O, respectively. If
the distance of Z from the bisector
of the acute angle of OX and OY
18 —\% , then possible value(s) of

Bl is (are)

(r) 3

(d) Suppose that F(a) denotes the (s) 5
area of the region bounded by x
=0,x=2,)*=4xand y = |ox - 1|
+ |ox — 2| + ax, where a € {0,
1}. Then the value(s) of F(o) +

gﬁ,when a=0and o= 1, is

(are)

(1) 6
(JEE Advanced 2015)

Integer Answer Type

1. Let ABC and ABC’ be two non-congruent triangles with

sides AB =4, AC = AC’ =2+/2 and angle B = 30°. The
absolute value of the difference between the areas of
these triangles is (II'T-JEE 2009)
2. Two parallel chords of a circle of radius 2 are at a distance

\5 + 1 apart. If the chord subtend angles i and Z—H at
Y » r P

the center, where k > 0, then the value of [k] 1s

(Note: [k] denotes the largest integer less than or equal

to k) (IIT-JEE 2010)

3. Consider a triangle ABC and let a, b and ¢ denote the
lengths of the sides opposite to vertices A, B, and C,
respectively. Suppose a = 6, b = 10, and the area of
triangle is 15V3. If ZACB is obtuse and if r denotes the
radius of the incircle of the triangle, then the value of r*is
(IIT-JEE 2010)

Fill in the Blanks Type

1. In AABC, ZA =90° and AD is an altitude. Complete the
BD AB
DA (--9)
2. ABC is a triangle, P is a point on AB and Q is a point
on AC such that ZAQP = ZABC. Complete the relation
Area of AAPQ (...) .

Area of AABC  AC?
3. ABC is a triangle with ZB greater than ZC. D and E are
points on BC such that AD is perpendicular to BC and AE
1s the bisector of angle A. Complete the relation ZDAE

= % [(~) ~ZC}. (ITT-JEE 1980)

4. The set of all real numbers a such that a* + 2a, 2a + 3, and
a’ + 3a + 8 are the sides of a triangle is

relation (IIT-JEE 1980)

(IIT-JEE 1980)

(ITT-JEE 1985)

5. Intriangle ABC, if cotA, cotB, cot C are in A.P., then a’,
b*, ¢* are in _____ progression. (ITIT-JEE 1985)

6. A polygon of nine sides, each side of length 2, 1s inscribed
in a circle. The radius of the circleis ___

(IIT-JEE 1987)



10.

11.

If the angles of a triangle are 30° and 45° and the included

side 1s (ﬁ + 1) cm, then the area of the triangle is :
(IIT-JEE 1988)

. If in triangle ABC,

2cosA cosB 2cosC a b
+ + = — + —, then the value

a b ¢ bc ca
of the angle A is degrees. (II'T-JEE 1993)
In tnangle ABC, AD is the altitude from A. If b > c,

bc
5. then ZB =

b —c
(IIT-JEE 1994)
A circle 1s inscribed in an equilateral triangle of side a.
The area of any square inscribed in this circle is .
(II'T-JEE 1994)
In triangle ABC, a:b:c = 4:5:6. The ratio of the radius of
the circumcircle to that of the incircle is

(IIT-JEE 1996)

ZC=23°% and AD =

Subjective Type

1.

ABC 1s a triangle. D is the middle point of BC. If AD is
perpendicular to AC, then prove that

2(c =)

3ac

cosA cosC = (IIT-JEE 1980)

. ABC 1s a triangle with AB = AC. D is any point on the

side BC. E and F are points on the sides AB and AC,
respectively, such that DE is parallel to AC and DF is
parallel to AB. Prove that

DF + FA + AE + ED = AB + AC. (ITT-JEE 1980)

Let the angles A, B, and C of triangle ABC be in A.P. and
let b:c be /3 :v/2 . Find angle A. (IT'T-JEE 1981)

The exradn r|, r,, and r, of AABC are in H.P. Show that
its sides a, b, and c are in A.P. (IIT-JEE 1983)

. For triangle ABC, it is given that cosA + cosB + cosC =

3/2. Prove that the triangle is equilateral.
(IIT-JEE 1984)
With usual notation, if in triangle ABC,

b+c c+a a+b
= = , then prove that

11 12 13
cosd cosB cosC

T 19 25

(ITT-JEE 1984)

. In triangle ABC, the median to the side BC is of length

] and it divides the angle A into angles 30°
J11- 63
and 45°. Find the length of the side BC.
(LIT-JEE 1985)

If in triangle ABC, cosA cosB + sinA sinB sinC = 1.

Show that a:b:c = 1:1: V2 . (IIT-JEE 1986)
Three circles touch one another externally. The tangents
at their points of contact meet at a point whose distance
from a point of contact is 4. Find the ratio of the product
of the radii to the sum of the radii of the circles.

(LIT-JEE 1992)

10. Consider the following statements concerning triangle

11.

12.

13.

14.

15.

16.

17.

18.

19.

ABC:
(1) The sides a, b, and ¢ and area (A) are rational

. B € :
(11) a, lﬂn;. and tanE are rational

(111) a, sinA, sin B, and sin C are rational
Prove that (1) = (i1) = (i11) = (1). (IIT-JEE 1994)

Let A, A,,..., A, be the vertices of an n-sided regular

: = l + ] . Find the value

(IT-JEE 1994)

The sides of a triangle are three consecutive natural
numbers and its largest angle is twice the smallest one.
Determine the sides of the triangle.  (IIT-JEE 1997)
In a triangle of base a, the ratio of the other two sides is
r (< 1). Show that the altitude of the triangle is less than

(IIT-JEE 1997)

polygon such that

of n.

or equal to

ar
| —r%

Let A, B, C be three angles such that A = ; and

tan B tan C = p. Find all possible values of p such that A,

(ITT-JEE 1997)
Prove that a triangle ABC is equilateral if and only if
tan A + tan B + tan C = 33 (IIT-JEE 1998)

Let ABC be a triangle having O and / as its circumcenter
and incentre, respectively. If R and r are the circumradius
and the inradius, respectively, then prove that (OI)* =
R*? — 2Rr. Further show that the triangle AJO is a right-
angled triangle if and only if a is arithmetic mean of b
and c. | (ITT-JEE 1999)
Let ABC be a triangle with incenter / and inradius r. Let
D, E, and F be the feet of the perpendiculars from 7 to
the sides BC, CA, and AB, respectively. If r,, r,, and r, are
the radii of circles inscribed in the quadnlaterals AFIE,
BDIF, and CEID, respectively, prove that

B, C are angles of a triangle.

i ry B fint
+ - + = .
r=n r-=n r-nr (=5)r-n)r-n)
(II'T-JEE 2000)

If A is the area of a triangle with side lengths a, b, and c,

then show that A < % J(a + b + ¢) abc . Also show that

the equality occurs in the above inequality if and only if
a=b=c. (ITT-JEE 2001)

If 7 1is the area of n-sided regular polygon inscribed
in a circle of unit radius and O, be the area of the
polygon circumscribing the given circle, prove that

)
T WA
2 n

(ITT-JEE 2003)

/



Answer Key

JEE Advanced Integer Answer Type
Single Correct Answer Type L 43) < () > (3)
1. c. Z. C. 3. a 4. b. 5. a. Fill in the Blanks Type
6. d. T & 8. d. 9. b. 10. b. 1. AC 2. AP 3. ZB 4. a>>5
11. c. 12. b. 13. b. 14. d. 15. c. J3
3+1 .
Muitiple Correct Answers Type 5. AP 6. cosec(m/9) 7. 8. 90
1. a.. d. 2. a.d. 3. b 4. c. 9. 113° 10. a/6 sq. units 11. 16/7
;. ;., E., c., d. 6. b, d. e Dyl Subjective Type
o 3 15 7. 2 units 9. 16: 1 13. 4,5,6
Matching Column Type
1. (1) -(d)

2. ()= (p), (r), (s); (b)—(p)



JEE Advanced
Single Correct Answer Type

l.c. GiventhatA > B

and 3sinx—-4sin’x-k=0,C<k<

—

As A and B satisfy above equation (given), we have

or

p—

sin3x=k

sin3A =k, sin3B=k

sin3A - sin3B =0
_34-3B _

2¢cos

34+ 3B

sin

2

0

Hints and Solutions

4. b.

= cns[3A;3B] =Dur5in[3A;33) =0

3JA+3B =900ﬂr31‘[—33 _
2
= A+B=60°0rA=8B
But given that A > B, therefore A # B
Thus, A + B=60°
But A+B+C=180°
2n

C= 180“—60°=120°=?—

0

. Leta=3,b=35, ¢=7.Then the largest angle 1s opposite to the

longest side, i.e., ZC. Therefore,

a+b -  9+25-49 -1

sC=
cO8 2ab Z2x3%5 2
or C=E£
3
A
NI
60° 45°
B=7TD 3 &

Applying the sine rule in AABD and AADC and eliminating
common side, we get

4D _ BD AD _ DC

sin 60° sin @ sin45° sin o

Dividing, we ger 2C = Sn60" sin ¢

BD  sin45° sin@

or

We know that A + B+ C = 180°
or A+C-B=180"-2B

Now, 2ac sin |:l (4- B+ C)]
2

= 2ac sin(90° — B) = 2ac cos B
~ Zamn:'(a2 +c* -bz)

2ac

=¢512+l:'2—.{.'r2

Since AABC is right angled at C, circum-radius, R = %
Now, r=(s-c)tan(CR2)=(s—-c)tan(r/4) =5 -
Thus,2(r+ R)=2r+2R=2s-c=a+b



6.d. We know by sine law in AABC, we have

& = _b TSI = 2R
sind sinB sin(r- A4- B)
a b C

or = = —
sind sinB sin(A4+ B)

a. If we know a, sinA, sin B, we can find b, ¢, and the value of
angles A, B, and C.

b. With a, b, c, we can find ZA, £B, £C using the cosine law.

C. a,sinB, R are given, so sinA, b and hence sin(A + B) and then
C can be found.

d. If we know a, sinA, R, then we know only the ratio

b or & . we cannot determine the values of
sinB  sin(4+ B)’
b, ¢, sin B, sin C separately. Therefore, the tnangle cannot
be determined uniquely 1n this case.
7.a. Giventhat4A +A+A=180"0or A =30°
Angles are 120°, 30°, 30°

sin120° _ sin30° sin30°

= = 2R (say)
a b C
5 a sin120°
a+b+c  sin120°+sin30°+sin30°
_ 3
2+J§
8. d. Sides are in the ratio 1: /3:2
Leta=k b= /3 k,and ¢ = 2k
BRB+t-a 3 n
COSA = =—= A=—
2bc 2 6
2 2 _
cosB = = ta - b =l==B=E
2ac 2 3
= C=:r_,4+3=% = A:B:C=1:2:3

9. b. The situation is as shown in figure.

A

For the circle with center C,, BP and BP’ are two tangents
to the circle; therefore BC, must be the bisector of ZB. But
ZB = 60° (as AABC is an equilateral triangle). Thus,

ZC, BP =30°

or I=\[§

t.'ml'vi}':":l
X

BC=BP+PO+QC=x+2+x=2+2 3
. PQ=C,C,=2)

Area of AABC = % 2+ 23)

= \ﬁ(1+3+2ﬁ)
= 4+/3 + 6 sq. units
10. b. Let us consider 2—¢ .
a
b—c sinB-sinC
a sin A

[B+C) . (B-C]
2cos] —— |sin
2 2

2 sin(A/2) cos(A/2)

sin(A4/2) sin.(‘B — CJ
= 7 sin(4/2)cos(4/2)
, [B - C)
Sin
_ 2
cos(A/2)

(b -c) cus(i) = sin(a“ C)
2 2

11. c. Let the two equal sides be x. By applying the sine rule in

AABC, we get
X a
= = a=xJ3
sin30°  sin120° 3
3
= ﬂ=%(x}(x)5in120“=£x2

Also, Ji:.é — (2""2"'”) J3 =?Iz

S
= x=22 + 3)

= A= ﬁx4(4+3+4ﬁ]

4
=  A=73 +12sq. units
12. b. Given ABIICD, CD =2 AB. Let AB =a. Then CD = 2a. Let the
radius of the circle be r.
Let the circle touches AB at P, BC at O, AD at R, and CD at §.
Then AR=AP=r,BP=BQ=a-r,DR=DS=r,and CQ =
CS=2a-r.

(Using a = x3)

— 2a -




In ABEC,

BC? = BE? + EC?
= (@a-r+2a-rY=2r’+(a)
or 94 +4r-12ar=4r+ad’

or a= Ei" (1)

2

Also, Area (quad. ABCD) = 18
or  Area(quad. ABED) + Area (ABCE) = 18

or ﬂx2r+%‘xax2r=13

[using Eq. (1)]

2
or ar=6 or g-g— =6

or r=4 or r=2

13. b. Using cosine rule of ZC, we get

14. d.

15. c.

V3 _ (P Hx+1P +(E - 12 - (2x +1)?

2 20 +x+1)(x* - 1)
or J§=2x2+2.r—l
2 +x+1
or  (V3-2)2+(3-2x+W3+1)=0
_(2-V3)£3

or
T T -2)

or x.—_—(2+~/§),l+\/§nrx=l+\/§ 35(1}0)'

Since angles of AABC are in AP.,2B=A+C
Also, A + B + C = 180°

B = 60°
E4n2C+E &in 24 =2 sind cosC+ 2 gin Ceonid
C a

=2sin(A+C)=2sinB=2x %—}.:ﬁ

2sin P — 2sin P cos P
2sinP + 2sin P cos P

Y
| — cosP 251"23 , P
= = = tan“ —
l+cosP o 2P 2
2
_G=-0)(s-¢)
- 5(s—a)
3)
_(=b0 - (2)\2 _[i]z
A’ A* l4A
c=5/2
Q

Multiple Correct Answers Type

1. a.,

d.

In AABC, we have 5“"4-_-_5'“3 or asinB=»bsinA
a b

a. bsinA=a = asinB=a = sinB=]1 = Hzg-

Since A < /2, A ABC is possible.
b. bsinA>a

= sinB > |, which is not possible.
¢. bsinA>a, A<

= asinB>a

= asinB>a

=  sinB > 1, which is not possible
d. bsinA<a = asinB<a
Hence, sinB < |, so value of ZB exists.

Now, b>a = B>A.Since A< n/2. AABC s possible
when B > /2.

e. Sinceb=a,wehave B=A. ButA > n/2.
Therefore, B > 7/2. But this is not possible for any triangle.

2. a.,d. The angles of the triangle are in A.P.

3. b.

Now one angle is greater than 60° and other is less than 60°.
Let A > 60°.
Thus, larger angles are A and B.

a=10and b=9
ZB = 60°
Using the cosine formula, cosB = a +;2 =i , We get
ac
cos60° = 100+ — 8]
2x10xc
1_19+¢
or 2 2x10c

or c-10c+19=0

0+ -
- {_=1 \(1200 76 5+ 5

Given that a = 10, b = 9 are the longer sides. Therefore
c=5%+/6  (both the values are less than 9 and 10)

In APQR, let d,, d,, d, be the altitudes on QR, RP, and PQ,
respectively. Then,

Area (APQR)=A= L pd =L ga =1 sy
2 2 2
or d1=2—a-,dz—'2—ﬁ,d3-2—a*
P q F
or dl = ziﬁ ’ dz — 2{3 '
2Rsin P 2R sin Q
d,= 2R25?n > [using sine law]

Hence, d,, d,, d, are in H.P.
(as given that sin P, sin Q, sinR are in A.P)



Given that A A AAA A, is a regular hexagon inscribed in a

circle of radius 1.

360°

LA, OA, = = 60°

Butin AOAA,, OA,= OA, = |

ZOAA, = ZOA A, = 60°

Theretore, AOAA, 1s an equilateral triangle.
AA =1=AA,=AA=AA, =AA=AA,

ZAA A, = 120°

Using cosine rule, we get

cos 120° = (AA4) + (44) - (44)

or

2(A4A4) (A44)
1 _ 14 1-(44) _
2 2xIx] o By

Thus, by symmetry A A, = \E
AA, A Ay AA,=1X 3 x3 =3
S. a., b., c., d.

=

In AAFE, AD is angle bisector of £A. and AD 1 EF.
D is midpoint of EF and AAEF is isosceles triangle.

Therefore, AAFE is an isosceles triangle. Now,
To find AD,
_Area (AABC) = Area (A ABD) + Area (A ADC)

=

l |

2

2

2

be sinA = = ¢ AD sin 44+) paDsin 4

2

6. b, d.

A

2 be cos—
= AD = 2-
b+c
Also, AD = AE cos 4 (From AADE)
2
= AB= -2 CHM.ofbande
b+c¢
A
y 4b::'5m3
Again EF = 2 DE =2 AD tan — =
2 b+ ¢

P

PS x ST = QS x SR
Now A.M. > G.M.

1 I

% I
— PS ST}J ,

7. b, c.

(Secant property of circle)

(1)

¥. PS ST
] 1 2
4 >
PS ST .JOSxSR
Also, DR OSSR (2)
of s
JOSxSR OR
l+1 1‘*4 (From (1) and (2))
0
' PSS ST OR CONLLLAER
_ 424
cos B+ cos C= 4sin° —
= 2casB+CmsB-c=4sin2%
- B+C . A
= 2:053 C=4sin§- ['-'Cﬂﬁ =5""—)
2 2
= 2:‘.‘.-.:r:1bs£1::|::nsH_C=4=l:=.init:ﬂnsi
2 2 2
= 25inB+Ccﬂsﬁ-C=25inA

— sinB+sinC=2smA
=5 b+c=2a

(Using sine rule)

Thus sum of two variable sides b and ¢ is constant ‘2a’.
So locus of vertex A is ellipse with vertices B and C as its foci.



8. b., d. (b) - (p)

P X
C b
Q S — L R Y a Z
Let s-a=2k-2,5-b=2ks-c=2k+2, l +cos2X-2cos2Y=2sinXsinY
_ kel k>1 2cos’X-2cos2Y=2sinXsinY
Adding we get, l —sin’X-1+4+2sin’Y=sinXsinY
5=6k'S“*az;‘k*’%‘b:fk*c:‘ik_z sinX +sin XsinY=2sin’Y
Ko - S P 1 Tt —a _1 stf(stftsm )=2sin"Y
3 2bc 3 = ala+ b)=2b°
= 3[(4k)’ + (4k - 2)" — (4k + 2)7) = a+ab-20°=0
= 2 x 4k (4k - 2) N g
or 3 [16K* -4 (4k) x 2] = Sk (4k - 2) = (};] +y —4=0
or 48k -96k =32k - 16kor 16k°=80kork=>5 .
So, sides are 22, 20, 18. = ;=-2J
Matching Column Type = 2=

1. (ii)-(d) cos@,= Note: Solutions of the remaining parts are given in their

b+c " respective chapters.
| — tan” —
=  malie 2. bﬂ Integer Answer Type
| + tanz—z‘- te 1. @)
10, b+c-a
— =
2 b+c+a
- tan2 22
Also, cos@y= 92 =
1+ tanz—z’— arh
20; _a+b-c a*+16-8
tan® —= = cos 30° =
= 2 a+b+c 2xax4
2
tanzi+tan193=2b=z = £=Iﬂ+B
2 2 3 3 2 8a
Note: Solutions of the remaining parts are given in their - a-4V3 a+8=0
respective chapters. B B
2. (a) - (p), (r), (5) = a+a,=4V3,00,=8
X b lﬂl - a, =4
I l
= —a, X 4s5in30° = —a, X 4 sin 30°
a b 2 2
=4xlx4sin30“
Y c Z 2
Given 2(a@* - b*) = ¢*
=  2(sin°X -sin*Y)=sin’Z 2.(3)
= 2sin(X + Y)sin(X - Y) =sin*Z
=  2sin(r-2)sin(X-Y)=sin’Z
= sin(X -Y)= 5";2 ..(0)
ﬂ.l— sin(X -Y) 1
sin Z 2
Now cos(nmd) =0
= cus(ﬁ)*’ﬂ
2 2cns%+2ms%=\5+l

n=1.3.95



or cus£+cnsn=ﬁ+l
k 2
LCI%:Q.ThEn,
=
msﬂ+cas§="’3+l
0 8 3+l
or 2cos’——-l+cos—=
2 2 2
or 2:2+;-J§2+3=0 [where cos(6/2) =1]
~1£1+4(3+3)
or t=
4
Sl (2V3+1) 2-23 {3
4 4 "2
= r='cusﬁe[—lv,l] »::nr.'tz';.ﬁ:£
2 2 2
= E:£=&k=3
2 6

3.(3) 3=%absin£‘=&sin(ﬁ'= 24 = 23(15\[5 = ﬁ

ab 6x10 2
= C=120°

= C=Jﬂz +b* =2ab cosC

= V62 +10% —2x 6 X 10X cos120° = 14

Now r=é

5

= o 2__ 225x3

7T
-
Fill in the Blanks Type

1. We know that altitude from right vertex to hypotenuse in right-
angled triangle divides it into two triangles each being similar
to the original triangle. Therefore,

ABDA ~ ABAC =3 = =

2. A

In AAPQ and A ABC, ZA = ZA (common),
LAQP = ZABC (given)

AAPQ~AACB = AL _ 40
AC ~ 4B
1 .
Area (AAPQ) _ 5 AP AQsin(£4)  4p:
" R
AEER(RALD) %AB ACsin(24) A€
. We have ZBAE = ZCAE (given)
and ZADB= ZADC =90° (given)

Now, ZDAE = ZA - ZBAD — ZEAC

=£A—(90°—£B}——;-£A=-;—(£B—£C]

A

-
C = 5 B

. If @’ + 2a, 2a + 3, @* + 3a + 8 are sides of a triangle, then sum

of any two sides is greater than the third side.
Let x=a’+2a,y=2a+3;z=a"+3a+8.
Then x+y>7z

= a+4a+3>a*+3a+8

= a>>5 (1)
Fromy+z>x = a*'+5a+11>a’+2a
= Ja>-11 = a>-1113 (11)

z+x>y = 2a°+5a+8>2a+3
= 2a°+3a+5>0
Here coefficientof a* >0 and D =9 - 40 = —ve
Therefore, it is true for all values of a.
Combining Egs. (i) and (ii), we geta > 5.

. COtA, cotB, cotC are in A.P. Thus,

cotB —cotA =cotC -cotB

sin(4d-B) sin(B-C)

sin Asin B sin Bsin C

or sin(A — B) sin(A + B) =sin(B + C) sin(B - C)
or sin’A —sin’B =sin*B —sin’C

or a-b=bvV-¢

Hence, a’, b*, ¢* are in A.P.

or

. Let AB = 2 units be one of the sides of the polygon.

Then ZAOB = 21/9 where O 1s the
center of the circle.

If OL 1L AB, then AL = | and

LZAOL=n/9
.. Radius of the circle
=0A
= AL cosec /9 A
= cosec 1 /9.
. ZC =180°-(30° + 45°)
C
h
30° 45°




10.

By the sine rule in AABC, we have

a b _J3_+l
sin30° ~ sin45°  sin105°
or g —--—b—— __\E+l
/27 1¥2 V31 1 1
3 3 2
or —ﬂ—'-g—]
22
or =~f2-.b=2
d—labsmc
2
= l J2 (2) x 5in(105°)
+ 1
=J_[J2_\/-] ﬁ+lsq.units

In AABC, we have
2cosA cosB 2cosC _ a b
+ ~ =

+
a b C bc ca
. W+ -d @+ -b
2bc 2ac
or +
a b
2h2+ﬂ2-£‘2
N 2ab d+ b
c "~ abc
or 20423 -2+a@ +-b+2a+2b* -2
= 2a’ + 2b°

or b +c=d
Hence, the triangle is right angled at A, 1.e.,

ZA =90°.
Kol it AT
2
2;‘1 abc .
—" AD = — iven
a bl - given)
2A 4R A
or —_ = ~
a b -

or 2Ra =b* - ¢’
or sinA =sin’B -sin’C =sin(B + C) sin(B-C)
= sinA sin(B - C)

¥/

or sin(B-0C) =1 = 4LB-4LC=—

or 43:% +/C=90°+23°=113°

Given that ABC is an equilateral triangle of side a and r is the
radius of the circle inscribed in it.
In AIBL, we get

tan 30° = . orr= —

al2 zJ_

If PORS is the square inscribed in circle of radius r, then

>

L
a

Yo

Side of square = 2(r sin45°)
2

Area of square = ) §qQ. units.

o R~ a\l"‘f

11. c =4k, b =5k, c = 6k

15 7

$i= oo k.s-—a=—k.s—b=£k.
2 2

2
3

s-c=—k
P
=> a’=15x7x5x3[5)
Y
or A=15+7 [—*J
2
A _1VT(k12) Kk

%nlﬁ

R i

Also, r= — = -
$ (15/2)k 2
g _abc _ 4x5x 6%k
4A  4x15Y7 x (k2 4)
]
= — k
7
R 16
p 7
Subjective Type
1. A
H D
2
From AABC, cosA = b’ +c -a
2bc
From ACAD, cosC = A5 = 2 = L0
CD (a/2) a
From AABD, BD = AB
sin(4-90°) sin ZADB
= a/2 c

“cosA  sin(90°+C)

(1)

(i1)



or a — =
—-2cosA cosC
acosC a 2b b
or COsA = = = - —
-2c -2c a c
[from Eq. (11)]
From Eq. (i), we get b+ —a b (iii)
2bc C
- P+t-a=-20* or -a*=-3p
Now, cosA cosC = b +c -a 2b
2bc a
WPid-g 3 +3(F -
B ca - 3ca
& -c2+3(c2 —az)
= 3eq [from Eq. (iii)]
2(c? - &)

3ca

Given that AB = AC

& Llwld (1)
But AB |l DF (given) and BC is transversal
A Ll =43 (11)

From Eqgs. (i) and (ii), we get
Zl= /3 = DFsCF
Similarly, we can prove
DE = BE
Now, DF + FA + AE + ED
=CF+FA+AE+BE=AC+AB

. IfA,B,Carein AP, thenA + C=2B.

But A+B+C=180°
or 3B=180° or B=60°

We have e = b = =
sind smnB sinC
o, SnB_b_\3
simC ¢ \ﬁ
=3 sinC = gsinﬂ}“:L or C =45°
V3 Np)

A=180°-B-C=75"°

4. r,, r, ryarein H.P.

= 1l/r, U/r, l/ryarein A.P.

s—a s—a §—c )
= are 1n A.P.

A A A

=% s—a,s—-b,s—-carein A.P.
= a,b,careinA.P.

5. Given that in AABC

3
cosA+cosB+cosC = ';'2'
l ¥ 7 p 2 2
 Dif-a &b +-:::'+£:- -
2bc 2ac 2ab
_ 3
2
or ab*+act-a+ab+bc-b+ca +bc-¢
= 3abc

or ab®+ac®+ bc* + ba® + ca* + cb* — 6abc
=a +b + ¢ -3abc
or a(b-c) +b(c-a) +c(a-b)

i (a+;+c} I:{ﬂ—b)z'l'(b—i‘)z +{c—a)l:|
or (a+b-c)(@a-bY+(b+c-a)b-c)

+(c+a-b)(c-a)=0 (1)
Weknow thata+ b>c,b+c>a,c +a>b,1.e., the sum of
any two sides of a triangle 1s greater than the third side.

Therefore, each side on the L.H.S. of Eq. (i) has positive
coefficient multiplied by a perfect square, each must be
separately zero. Thus,

a-b=0b-c=0;c-a=0 = a=b=c
Hence, ABC is an equilateral triangle.

Alternative Method:
cnsA+cusB+cusC=%
= 2t:+::-:-*.'d"-‘-ﬁ"m:nt:-:a"t‘-B+]-—2:f~:ir:2£=-:i
2 2
=) 25in§cnsA_B—l—25in1£=ﬂ
— 25in2£-2cnsﬂ_ﬁsin£+l={] 1)
2 2 2
. C
NuwSInEisreal
D20
4:052A_B-4XZX-;—20
cnszA_BEI
A-B
cos” =]
A-B
cos =]
Z
ﬂ:n
2
s A=B
For A = B from eqn (i), we get

4sin:£-4sin%+l=0

C

, l
or sSin— =—
2



or C=60°
: A=B=60°
Hence triangle is equilateral.

b+c c+a a+b

B TR T R T R
b+c=11k (i)
c+a=12k (i)
a+b=13kGi) A 0 D
Adding the above three ;’;‘nh
equations, we get i : i 1“..
2a + b +0c) = ¥ ri "
36k !
or a+b+c=18k B...;;““‘é‘ """ > C
(iv) .

From Eqs. (1) and (1v), a = 7k

From Eqs. (11) and (iv), b = 6k

From Eqgs. (i11) and (iv), ¢ = 5k

B+ -a®  36k* +25k* — 49k*

COsA =

2be 2 x 6k x5k
_12 1
60k* 5
A+at-b*  25k* +49k% - 36K2
cosB = =
2ca 2x5kxTk
: I8Kk? _ 2
70k* 35
a+b* -’ _ 49k +36k” - 25k’
cosC = =
2ab 2% Tk x 6k
_ 60 s
T84k 7
cosA _ cosB _ cosC
(1/5) (19/35) (5/7)
- cos A . cos B s cosC
(7/35) (19/35) (25/35)
or cosA _ cosB _ cosC

7 19 25

. We know that if in AABC, AD divides BC in the ratio m:n with

ZADC = 8and £ZBAD = a.

A

If ZCAD = B, then m—n theorem states that
(m+n)cot@=mcotax—ncotf (i)

By applying Eq. (1) in AABC, we get
(1+1)cot@=1cot30° - 1cotd5°

or 2cotf= V3-1

3]
2

or cotf=

or tan@= 2
:JJ—I

But 8= B + 30°, we get
tﬂﬂ{B-l-aﬂa}: i = 2(\/5"']} = Ji+|

J3=1 31
|
tan B + —=
or \6 =\E+1
1
| -—=tan B
3
ok JitanBH =J§+l
J3-tanB

or J3tanB+1 =3+ V3-(J3+1)tanB
or (2«/§+1)tan3=2+\/§

or tanB = 2+J§
23 +1

2V3+1 2-3 4/3-6+2-43
or cotB= ——X— =
2+43  2-43 4-3
= 3/3-4

or  cosec’B=1+27+16- 243 =44 - 243
. |
or sin’B =
4(11-643)
1

or sinB= (1)
2V11-63
Now in AABD, by applying the sine law, we get
BD _ AD

sin30° sinB

|
or BD-= AD xsin30° = "'”]6‘5 X

sin B
2J11-643

L
2

BC =2BD =2 units

. Given cosA cosB +sinAsinBsinC=1

or sinC = IHFDSA FBSB <1
sin A sinB

[by using Eq. (1)]

or 1 <cosA cosB +sinA sinB
or cos(A-B)=21
or cos(A-B)=1
or A-B=0orA=8B
| —cos’A _ sin’4

= sinl=s———=———=1
sin“ A sin“ A

or C=90° = A+B=90° or A=B=45°
[by using Eq. (ii)]

= a:b:c=sinA:sinB:sinC = 1:1; \E



with radii r,, r,, and r,, respectively, which touch each other
externally at P, Q, and R. Let the common tangents at P, Q, and
R meet each other at O. Then
OP = 0Q = OR = 4 (given) mn(f.*.g.]

(lengths of tangents from a point to a circle are equal) 2 2

| -tan(B/2)tan(C/ 2) T

tan(B/2)+tan(C/ 2)
2tan A4/ 2

SinA = > 1s rational
l+tan“ 4/ 2

9. Let us consider three circles with centers at A. B. and C [3 C)
cot

|

Hence, (11)) = (ii1)
fii. a, sinA, sinB, sin C are rational
But — < =2R
sin A
Hence, R is rational
b= 2R sinB, ¢ = 2R sin C are rational

A= l!rrc sinA 1s rational

Also, OP L AB, OQ L AC, OR L BC

Therefore, O is the incenter of AABC. Hence, (ii1) = (i)
Thus, for AABC, 11. Let a be the side of n sided regular polygon A A,AA, ... A
c_(ntn)+(n+n)+(n +5)
2
=r +r,+r,
= A= \’(’i +1+R)EnR (Heron's formula)
Now, r= E

\)

4= NUi+7 +n)nnn

or
h+n +h
- Vinh
Vi tThtn ~. Angle subtended by each side at centre = L
n
ar —A25 18- Also OA, = OA, = OA, = ... = OA, = r (Say)
itn+n 1 In AA,0A,, using cosine rule _
or ryryr(ri+r,+r,=16:1 297
10. Given that AIAZI =r +r -2rcos _2£ = ZrZ(l = Eﬂs—]
i. The sides a, b, c, and area A are rational. n R
II a, tganZt tan C{Z are rational — 492 sin? n
iii. a, sinA, sinB, sin C are rational n
Toprovethat (i) = (i) = (@) = (i) B ;
i. a, b, c, and A are rational. ' AA= 2"5'“;
_a+b+c - :
= S I naTanon Similarly in AA,OA,, A A, = 2rsin 2=
n
B A . .
| T
Sl ( 2 ) s(s—b) I5:ais0 rabonal and in AA OA, A A, =2r sinil_n:
n
and tan (E] = A is also rational ) | ] 1
B s(s—c) Eulgrt.ﬂa-.nt]mt‘ﬁ!“11 =AA +AA
Hence, (1) = (1) 1% 1443 1414
ii. a,tanB/2, tan C/2 are rational 1 | I
= = +
2tan B/ 2 . 1 . 2N . 3
— sinB = 2sin— 2sin— 2sin—
|+tan’B/2 n n n
and sinC = Zmn{zBIZ} are rational = 25'11?1?-}—r sin 2—;'E:Z sin Esin E-:r":-+25in£sin E
1+tan®(B/2) n n n n n n
B C 5 4
and tan(A/2) = tan[%—(—+—]] = cusf—cus—n=m52—1r—ms—n+msf-cus3—n
2 2 n n n n n n

-
il



12.

Swm 2n ar kY,

—— COS — + COS— = COS— + COS —
n n n n
n in n T
— 2 COS— COSs — = 2C0s8 — COS —
2n 2n 2n 2n
?Jr[ in :r)
=5 cos—| cos ——cos— [=0()
2n 2n 2n
— ZCGSESiHEEiHE":ﬂ
2n n 2n
= E={2k+l)£nr J—r=krmr—ﬁ-=krr
2n 2 n 2n
7 !
n= or n=— or n=—
2k + 1 k 2k
n= Tfork=0

leta=n.b=n+1l.,c=n+2.ne N

Let the smallest angle £ZA = 6, then the greatest angle

LC =20,
A
7]
n+2 n+1
26
B C

In AABC, by applying the sine law, we get
sinf@ sin26

n n+2

sin@ 2sin@cosb

or =
n n+2.
I 2cos B
or - =
n n+2
n+ 2
— cos 8=
2n

In AABC, by the cosine law, we get

o (n+ l): +(n +2): = i
2(n+1)(n +2)

[as sin @£ 0]

(1)

(i1)

Comparing the vaiue of cos @ from Eqgs. (1) and (1), we get

(n+1) +(n+2)" =n*  n+2
2(n+1) (n +2) 2n

or (m+2PMm+D=nn+2 +nn+1)Y-n
or nn+2y+m+2y=nn+2y+nn+1y-n

or mw+dn+d4=n‘+2w+n-n'

or n-3n-4=90

or n+1)(n-4)=0
or n=4 [asn#-1]

Therefore, the sides of the triangle are 4,4 + 1,4 + 2,1.¢.,4. 5, 6.
13. Given that in AABC, base = a and < = r. We have to find the

attitude h. b

A

B ] c

We have, in AABD.,
casin B

h=csinB=
a

c¢sin A sinB
sin(8 +C)
¢ sin A sin B sin(B -C)
sin(B + C)sin(B -C)

I

"

¢ sin 4 sin B sin(B - C)
sin®B —sin’C

.:-:—;- % sin(B-C)

¥

b.'!
e

ahc sin(B —C)
B -

u[i)sin(& -C)

~(3)

ra

ar sin(B - C)
= .
| =r~
" n:'nr'1
| —r
ar
h <

| —r
14. We have in AABC. A = g andtan Btan C=p
We know that in AABC.
tanA +tan B+ tan C=t1an A tan B tan C
tan . + tan B + tan C = tan & xp
4 4
tanB+tanC=p-1
Thus tan B and tan C are roots of equation
)= -(p-1)x+p=0
Case I:

When B and C both are acute angles.
. both roots of the above equation are positive

[‘"csin(B-C)< 1]

(1)



fi0)>00rp>0 (1) \ / IE r B C

-1 / Also, Al = 1" A = 4R sin—sin—
and 2”50 np>| (i) \ sint  sin 22
2 \ i 2 2
Also D20 0 \_/ Hence in AOAL OF = OA® + AF - 20A Al cos ZOAl
=  (p=1)y-4p=20 ‘ o i ﬁ L
— p:_ﬁp+ 1 >0 =R+ 16R" sin -?—.‘iiﬂ'g - ﬁR'SinghiﬁgCl]hfjﬂ
= [p-GB-2YD)llp-3+2y2)]20 : S T
302 2.2 : = ﬁ-l-i-HEn" L IE—S"' L
= P£3_" _{]rpaa.f__ 2 (1v) R: = sin 2!"nll"l 2 !'mln:l"hll'l3
From {II] {lll} and [i'ﬁ"]. we gEl P >3+ 2\{5 B C B C
: [cnﬁ.—ms— +:~;in—5in—]
Case II: > 5 5 M5
When one of the angles is obtuse. o B C B ¢ B C
I =1 = 85I —sin—| cos—cos— —sin—sin—
Wehave B+ C= —— 2 2 2 2 2 2
| 4
P kY5 =] -8 sin -—-Sil‘lECﬂ!‘- il
If B is obtuse then = <B< 2 2 2
- B.C . A

I

Thus e <tan B < - |
Thu one root of eq. (1) is less than -1 and other root is greater

than 0. A "
Gf=RJI—Ssin—z—singsiHE=\{R‘~2Rr

| —8sin—sin—sin—
9 7 2

il i i

j

Again if AAIO 1s right angled triangle. then
=  OA’=0F + IA?

5

-1 0 2 ) 4
— R =R -2Rr+ . 1
sin” A/2

f0)<Oand fi-1)<0 2R sin" (A2)=r
p<Oand l+p-1+p<0orp<0 (V) S abc (s-=b)(s—c) A

U

From (iv) and (v), we get p € (~o=, 0) U [3 + 22, ) = - 4A be = s
. Let A, B, C be an equilateral triangle, then = a(-bs-0)=26-a)(s-b)(s=bh)(s-0¢)
A=B=C=60° = a=2s5-2a
= lanA+:anB+tanC‘=3mnﬁlJ“=3ﬁ = a=b+c-a
Conversely suppose that tan A + tan B + tan C = 3/3 =  btc=2
= a.b,carein AP.
Also tan A+tan 5 +tanC > Q(l:m Atan BtanC = ais AM.of band c.
2 [since AM. >G.M,] 17.
=  tanAtan Btan C2 J/tan A tan B tan C
=  tan’Atan’ Btan" C 227 [cubing both sides)
= tanAtan Btan C2 33

— InnA+lanB+lunC23J§
Now AM.=GM.whentan A =tan B =1an C.

Thus when tan A + tan B + tan C = 3/3, tnangle 1s equilateral.
Let O be the circumcenter and OF be the perpendicular to AB.

Let / be the incenter and /E be the perpendicular to AC. Then, ;

ZOAF =90° - C. [ 1s incenter of AABC.
r, is the radius of the circle inscribed in quadrilateral AFIE.
From the figure, AF and AFE are tangents to the circle.

B D C

=  ZOAl= ZIAF - ZOAF

- ﬂ_(gﬂc -C) = ﬂ +C - A+B+C - E‘f Also /E and IF are tangent to the circle.
2 2 2 2 So Al 1s passing through the center of the circle by symmetry.

Now ON is parallel to /E.
So AANO and AOMI are similar.

)
So in AOMI, we have cot i = oM i
2 IM  r-ip
Similarly from other circles we get
B I a ry
COl— = —=— apd cot —=——

=i L. r=n




18.

19.

Now in AABC, we know that

A B C A B C
COl—cCcot—cCcOl —=cCcOol —+CcOot — + CcOot —
2 2 2 2 2 2

We have to prove that A < % J{a + b+ ¢) abe

or AS :E,/Z,fabc

or A< LI!s.::v.!:tt;'
16

or A’< —1-2554R
16

|
or rs < —sR

Hence, R 2 2r [which is always true in A]

Alternative Method:
In tnangie, sum of two sides is greater than the third side.
Soa+b>c,b+c>aandc+a>b

Now consider quantitiesa+ b-c,b+c—-a,c+a-b.
Using A. M. 2 G.M., we get

(a+b-c)+(b+c—a)
2

E-J(a +b-c)(b+c—-a)

or bEJ(a+b-c)(b+c-a}

Similarly we get ¢ 2 J(c +a-b)b+c—-a)

and a2 \/(a+b-c)c+a-b)

Multiplying we getabc 2 (a+b-c)(b+c—-a)(c+a-b)
=  abc 2 (25 - 2a) (25 - 2b)(2s - 2¢)

=  sabc 28s(s —a) (s - b)(s - ¢)

= (a+b+c)abc 2 16A°

= ﬁﬂ%\/(a+b+c)ubc

Let OAB be one triangle out of n of a n-sided polygon inscribed
in a circle of radius 1. Then,

ZAOB = X

n
OA=0B=1

2n

n

Area (AAOB) = % I X Ix sin (_)

| . (ZHJ
= —sin| —
2 n

Area of n-sided polygon =1 = g— sin 22 (1)

n

Similarly, let O°A”B’be one of the triangles out of n of n-sided
polygon escribing the circle of unit radius.

(4 |
Then in AO’B’A”, cos — =
n OB’
or O’B’ = sec &
n

Area (AO’'B’A’) = % (O’ B’)* sin [E)

n

il v
2 n n

Therefore, the area of n-sided polygon 1s given by

(0,)= = sect & sin 2% (ii)
2 n n
From Eqgs. (1) and (i1), we get
" sin 2%
I a8 ]
Oi Dot Fiin“® o2
2 n n n
or [ = (n;:t::us2 E) 0,
n
o,[ [Zn)]
= —| 1+ cos| —
. n

(N} |=Q‘a

I+Jl—sin2 2%

— -

-2

YA




