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1 Introduction
It is rr well-krrowrr rcsult that [1]

2

wltcrc

The inequality is true for any LABC.
We generalise the above result to all ?z-gons ArAz. . . An as follows

For n 2 3 and D An : (n -2)zr where 0 < At < 2r,let
i:1

ll

S,, : Isitr A,i,,
i-l

a : 4.4g340g457g0g0 6, It. : ln - 11!12- ), uz : ln - "Ov!z) 
'l . Then

s,,
< nsin (f ) for all convex n-gons or n ( 6\n I
< max{(n - u1)sin *+,@ - rz)ri"S!!} for all n-gons when n ) 6

Note that the constant rr is a mrrnerical approximation as we were not able to
find the exact form of a.
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2 Concepts and Theorems
2.L Concave functions
[2] Given a continuous function /(z), it is concave downwards in the interval
[a, b] if for any rt,12 e la,b) such that

fl).q + (1 - ))rzl > \f ("r) + (1 - ^)f 
(rz)

Arrother wav to determine if a function is concave downwards is that its second
derivative (if it exists in the interval [o, b]) is non-positive.
Another method of determining if a function is concave downwards in the in-
terval [o,b] is by drawing a line from /(21) to f (r2) for any nr,r2 e [o,b] and
that it always lies below the graph.

2.2 Sine function

In the interval of [0, zr'], sin(z) > 0

sin'(r) : cos(r)

sin"(r) : cos'(r) : -sin(r) < 0
As such, sin(u) is a function that is concave downwards on the interval [0,*].
Also, when r is reflex (i.e. z e (tr,2r)), then sinr ( 0. sinr increases in the
interval [0,;], and the maximum of sinr is 1 when ,: t.
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2.3 Jensen's Inequality
[3] Given a continuous function /(r) that is concave downwards and 11,
IR, we have

*+=,(i;)
Equality holds if rt: n2:... : rn or if /(r) is linear.

,frtt ¤

3 Proof of Inequality for 53

Tlrc functio" f (0): sin(d) is tr function tlrtrt is ccrucave rlowrrwards f<lr 0 < 0 <
7r. Hence, by Jensen's Ineqtrality

sin A+ sin B + sinc (A+B+C\ tfr
\3/2:t

Nzlultiplying by 3 orr both sides will give the tlcsired inequtrlity. Bquality liolds
if arrd only if A : B : C : {, that is, the triangle is equiltrteral.

4 Upper bound for S+

The upper bound of the inequality for a quadrilateral is:

Equality holds when A- B - C - D- t

This is the maximurr as thc range of sirrr is f1,1], and chtr,nging any angle
will definitely result in the decrease of the value of the whole expression.

A D

CB
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5 Upper bound for convex polygons
In a convex polygorr AtAz. . . An, each angle is less than zr, and since the function
f (0) : sin0 is a function that is concave downwards for 0 ( 0 1r, we can apply
Jensen's Inequality and obtain:

lirinAl ( sin ( @-z)r\ :"in( n- 4) :,' /2n\
n?_r .? _>D'rr 

\ " / -D,r, \/, - ; ) -"r" (;/

6 Consideration of reflex angles in a polygon
For a polygon with number of sides ) 4, there may exist at least I reflex angle.

Lemma 6.L. For a polygon wi,th rt sides, there are at m,ost n - 3 refl,er angles.

Proof. Suppose otherwise (i.e. there can be n - 2 or rnore reflex angles).
The sum of all the interior angles in the polygon is (n - 2)r.
Now with n - 2 or more reflex angles, the sum of angles is now more than
(n - 2)r, a contradiction. tr

7 upper bound for Ss

We claim that the upper bound of the ineqtrality for a pentagon is:

5 10 + 2\[5
4

We will first assurne a convex pentagon, ttren let one or two of the angles be
reflex. Note that it is irnpossible to have 3 or rnore reflex angles itt a pentagon.

7.L Case 1: Convex Pentagon

A

EB

DC
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Since the function f (0) : sin(0) is a function that is concave downwards for
0 < 0 < zr, thus we can use Jensen's Inequality and obtain:

sinA * sinB * sinC * sinD * sin.E _ / A+ B + C + D + E\ /Brr\
5 .r"'\ 5 ):nrh\5/

Multiplying both sides by 5 will give us the desired inequality. Equality holds
when all the angles are equal to T.
7.2 Case 2: Concave Pentagon with 1 reflex angle
Without loss of generality, let E be the reflex angle. Since n < E < 2tr, then

rlA+B+C+D<2n
As such, using Jensen's Inequality, we obtain

sinA + sinB + sinC + sinD . ..r, (A + B + C + D\
4-\4)

Observe that f, < 4EfP ( f , ffi such, we can conclude that

. /1,+B+c+D\srnl . l(I\4/

sirr.A+sin B+sirr C+sin D+sin.E < sin A+sin B+sirr C+sin D < 4 < 5 sirr
3r
-b

7.3 Case 3: Concave Pentagon with 2 reflex angles
Without loss of generality, assume D and E are the reflex angles. Since n (
D,E <2r,then

0<A+B+C<n
As such, using Jensen's Inequality', we obtain

sinA + sinB + sinC . "i, 1A + B + C\
3-\3)

Observe that 0 a A*#9 ( $, as such, we can conclude that

)(

-',,('1 +B+r'\ fi\ 3 -)'z
Also, sitrr:c D and ,O arc rcflcx, tlxrrr siu I). sirr.E < 0, trs suclr

sinAf silB*si1C*sirrD+sirrE- < sirr,4+si,B+sirr C a3fr /lr
2 < us,rr (T

58



8 Upper bound for So

We claim that the upper bound of the inequality for a hexagon is:

sinA *sinB * sinc * sinD * sin.E * sinF S 6ri" r?) :3Ji\3/
We will first assume a convex hexagon, then let one, two and three of the angles
be reflex.

8.1 Case 1: Convex Hexagon
Since sin is a function that is concave dowrrwards orr the interval [0,2r], then we
can use Jensen's Inequalitv and obtain:

sin A+ sin B + sin C + sin D + sin E + sinF
6

l\lrrltiplyirrg both sirles I11,6 will give us tltt'rlersit't'tl itteclrrtrlit.y.

E D

CF

BA
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8.2 Case 2: Concave Hexagon with 1 reflex angle
Without loss of generality, assume F' is the reflex angle. Since zr < F < 2r,
then 'hrlA+B+C+D+E<}tr
As such, using Jensen's Inequality, we obtain

sin,4+sinB+sinC+sinD+sin.E _ ( A+ B+C + D+E\
5 =r'"\. t /

Observe that f a M#W a +, as such, we can conclude that

. /A+B+C+D+E\""\ r )='
Also, since ,F. is reflex, then sin tr' < 0, as such

sin,A+sin B+sin C+sin D+sin E+sin F < sin.A+sin B+sin C+sin D+sin E < b < 3/5

8.3 Case 3: Concave Hexagon with 2 reflex angles
Without loss of generality, assume .E and f' are the reflex angles. Since zr <
E,F 42r,thel

0<,4+B+C+D<2tr
As such, using Jensen's Inequality, we obtain

sinA + sinB + sinC +sinD < "." fA + B + C + D\
4-\4/

Observe that 0 a ltfffl ( 6, m such, we can conclude that

. /,q,+B+C+D\
""(. n )"

Also, since ,E and F are reflex, then sin.E, sin F ( 0, as such

sin A+sin B+sin C+sin D+sin .E+sin F < sin,A+sin B+sin C+sin D < 4 < B/5
This is a lower upper bouncl than before.

8.4 Case 4: Concave Hexagon with 3 reflex angles
Without loss of generality, assume D,E and F are the reflex angles. Since
r 1D,E,F { 2zr, then

0<A+B+C<r
As such, using Jensen's Inequality, we obtain

sinA + sinB + sinC . .i, /1 + B + C\
3-\3)
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Obscrve that 0 a 4a3*l ( $, trs such, we cau conclucle tlrtr,t

/,q+a+C\ Js
",r,( , ).,

Alscr, since D,E arxl F trre reflcx, therr sinD,sin.E,sinF < 0, as srrch

sin A+sin B+sin C+sin D+sin E+sin F < sin,4+sirrB+sin, .'+< 3/5

This is a krrvt-,r upper borrnd tharr before.

I Upper bound for S"
In this section, we will find the upper bound for the sum of sines for all integers
n.

9.1 Global upper bound for an equiangular n-gon
Obserrration 9.I-. The sum of sines in an equ'iangular n-gon always increases
as n increases.

Proof. We want to show that the function f (x) : rsin(n - Tl is always in-
creasing.

f (*) - rsin 2r7r- r
SIIIx:

2r
x: )

Now we cornpute ,f ' (*).

r'(*)- ,*[,'"(T)] *sin (?*n
- sin

2n
:f,

2r cos (+)
.I'

We want to show that /'(e;) > 0.

Lemma 9.2. tan(r) > r if 0 I r I r.
Proof. Let g(r): tr - ta1(r), 0 < r < n12.

g'(*) : 1 - sec2(r) : -tan2(z) ( o

Hence g(r) decreases on 0 < Lr < nl2. Thrn we have 9(0) > Sb,) or.q(r) <0.tr

)(
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From this, w¤ get cos (+) > 0. Hence

a, (T) 2r
:l:

si,r (T)
2r cos (T)

2r 2r
.t' .t'

sin (T) :l:

f' .t )>0
Hence f '(r) > 0, showing that /(r) is increasing on the interval [4, *)
the sum of sines of an equiangular n-gon always increases as n increases

Lemma 9.3.
sin r

JT, , :,
Theorem 9.4. The sum of s'ines in an equiangular n-gon is 12r.

Thus
tr

Proof. We know that the sum of sines in a equiangular n-gon increases as n
increases. The maxirnum value of the sum of sines in an n-gon is defined bv the
formula nsirr (n- - +) : r"inT.

linr n sftr2r - 2r lim
2-> rc n n->oc

sitr '2rr
't I

2r
TL

- sirr
- 2n linrr->0 r
-2r.1-2r

Thus the sum of sines is bounded by 2n, showing that the global upper bound
of the sum of sines of a convex n-gon is 2tr. tr

9.2 Upper bound of ^9" for a concave rr-gon
Although our earlier pattern shows that fbr any ?)-gorl, the surn of sines of the
individual angles is rnaximised when the z-gon is equiangular, this is not the
calse for a concave n-gon when n 2 7.

9.2.L Upper bound for Sr

We sec that a collvex heptitgoll will havc

7 5r
7 = 5.473

i.-7

However, it is possible to obtain a evell higher upper bound by considering a
concave heptagon.
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I

Consider the following diagrarrr:

GE D

lG F E can go arbitrarily close to 2tr , and lF E D can go arbitrarily closc to f
Hence, the sum of sines of the individual angles in the above heptagon will be

A

CB

I

f sinAi - 5sin f, * sin IGFE * sin IFED
,i-r

=5+1+0-6
which is a higher upper bound than 5.473.
Notice that we can get arbitrarily close to 6 by making the angle IFED closer
to fr, but we can never be able to reach the exact value of6.
This is indeed a higher upper bound than the one obtained using an equiangular
heptagon.
Notice that there are many right angles in the figure, hence rnaxirnizing the sum
of sines of individual angles. Also, the reflex angles are close to zr or 2tr. As
such, they are very close to 0.
Is 6 the upper bound for a heptagon?
Since we have considered the cases where there are no reflex angles and 1 reflex
angle, then we need to consider the cases with ) 2 reflex angles. However, this
would mean that there are S 5 non-reflex zrngles and as such, the sum of Sines
must be less than 5. Therefore, the upper bound is 6.

9.2.2 Upper bound for ,Sg

As with the case n : 7, we can exceed the bound for a convex octagon of
asin (f ) :4\/r.
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Consider the following diagram:

F
a

E
G

D I 4
H

In the diagram above, IBAH : IAHG : IHGF : IGFE : IFED :
IEDC : +. /ABC carl go arbitrarily close to 2tr attd IBCD can go arbi-
trarily close to f . fnis is maximum for one reflex angle, as by usirrg Jensen's
inequality, we get that the sum of sines is maximised when all the angles are
equal. There are 7 arrgles, each being f , and the Iast angle being 2zr. The sum
of the sines of individual angles is

8

t si, A i :6 ri,, f * sirr IABC * si, IBC D
i - 1

4r
=7sin - =6.82.1I

which is higher than 4rt = 5.657. Since we have considered the cases where
there are no reflex angles and 1 reflex angle, then we need to consider the cases
with ) 2 reflex angles. However, this would mean that there are ( 6 non-reflex
angles and as such, the sum of Sines must be less than 6. Hence the upper
bound for n : 8 is arouncl 6.824.

9.2.3 Upper bound for ,Se

As before, we can exceed the bound for a convex nonagon of gsin (f;)
Consider the following diagram:
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I

FG

E
H

A

In the diagram, IABC can go arbitrarily close to 2r, and IBC D can go arbi-
trarily close to f . ttre rest of the angles are S. The sum of sines is thus

I
I sin At :7 sinf * 

"" 
IABC * sin IBCD

i:1
5tr

=8sin7=7.391
which exceeds the upper bound for a convex nonagon ry 5.785. For the cases
with ) 2 reflex angles, the sum of sines < 7 which is lower than the upper bound
for 1 reflex angle.
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9.2.4 Upper bound for Sr9

Consider the following diagranr:

G

F
H

E

C
J

D

All tlre arrglt,s t'xct,pt l;'lBC' arul lB('D irrt't'r;rral to f . lrlBc t'ittt go at'lri-
trir.rily t:lost, to 2zr. a.rxl lltCD ('alr go lrlritralily ckrst'to 41 . Thc srrrrr of sirt<rs
is 1lrrrs

lo .)-
fsirr;l; == 6rir, 1 * sfi l,lll('+ sfi lB('[)/, :it:l

=g 
2n tsin 5 x 7.794

However, consider the following diagram with 2 reflex angles:
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I
I

J

H
A GB ED

IBCD and IEFG can go arbitrarily close to 2n, antd ICDE and IDEF can
go arbitrarily close to f . The sum of sines is thus

10

)- sin A; : 6sin 1 + sin ZBC D -l sin lC DE + sin IDEF * sin IEFGz-r 2i:1

= Ssin f = 8

This is a higher bound than that with one reflex arrgle. For nrore than 2 reflex
angles, there are S 7 angles that are ( zr, thus the sunr of sines of the angles
is S 7. Hence the upper bound f.or n: 10 is obtained when there are 2 reflex
angles.

9.2.6 Upper bound for S11

The diagram below for n : 11 has 2 angles approaching 2n and all the other
angles are around f;.
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JO
il

H

o AC a
K D F

Tlrc surr) of' sitrt's is

ll r-
\- sirr A; :7 sin a * sfi IBCD + siu ICDE * sin.DEF + sin IABCz-r Ii: I

ltn
=9siu-=fi.863

9.2.6 Upper bound for ,Srz

Similarly, the diagram for n: 12 has 2 angles approachinghr and all the other
angles are around S.
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I

AC

A(J

3n
, * sin lBcD * sin /cDE * sin IDEF * sin IABC

J

K

HL

The sum of sines is
t2

IsinA; - Ssin
i-l

9.2.7 Upper bound for general S,,

In general, we have the upper bound for general n (when we assume that all
reflex angles are very close to 2z') which is

=10sinI=9.5115

n<','3,T-r('- z) sin *+
We obtained this result by the following: Suppose we have r reflex angles.

n

i-l

n &

.i,-r
n _,I

i-l

n

i:n,-r*l

n-r
_ (n -r) sin Tr? + r)

n-r
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Below is a table of the maximum sum of sines for small n, as well as the number
of reflex angles to achieve this value.

ll Max sum of sines Approx. value No. of reflex angles
7
8
I
10
11
t2
13
L4
15
16
r7
18
19
20
2l
22
23
24
25
26

6 sirr
7 sirr
8 sirr
8 sirr
I sirr
10 sirr
1 1 sirr
1 1 sirr
12 sirr
13 sirr
13 sirr
14 sirr
15 sirr
15 sirr
16 sirr
17 sirr
17 sirr

TI,ilr
&
8
7t,

4rrL
54rlr

5zrxur
l2
,bur

l3
IJTTj5
JTIil
J)(Tt
t5(Tf
16(7f
17
8zr

EI
8zr

t3
:r

18 sirr
19 sirr
20 sin

6
6.824
7.391

8
8.863
9.51 1

10.006
10.888
1 1 .591
12. 155
12.905
1 3.649
14.266
14.918
15.693
16.351
16.928
17.727
18.419
19.021

1

1

1

2
2
2
2
3
3
.)
J
4
,1

4
5
5
5
6
6
6
6

Now, we will investigate the graph of (n - z)sin ++ and find a closed fornr
for' .r'
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I

9.3 The closed form for r

Figure 1: Graph of (n - r) sin # for n - 13

Now, Iooking at the graph of. (n -r)sin ffi for 0 ( r I n- 3 (as there can
only be at most n - 3 reflex angles), we observe that the graph increases and
reaches a maximum point before decreasing and reaching 0 when * : Z - l.
Therefore, it suffices to find the first value of z such that the gradient at r will
be 0, and as such, indicating the highest point on the graph. We can do so by
calculating the value of e such that the first derivative is equal to 0. That is,

_sin 7r(2 +u) _r(n +2)cos#* - on-r fr-n
-(r-n)sin *+ -n(n*2)cos *!?:o

(n - *) rr^ffi : tr(n* 2) cos *+
, r(2+x) r(n+2)
UOII 

-

n-r
r(n+2) _7rn-r

, rr(n + 2) r(n + 2)[an -n-r n-r

r (n*2)

tan (
n-r

r(n + 2)
n,-:r

TL_ T

Votume 43 No. 1 . August

Now, w¤ have to solve ttre equation tan a - a where o -
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9.3.1 Findirrg the value of rr

Wt'ltso tlrc Nrrwt,orr-llalllrs()rr nr('tlrorl t,o firrrl rv.

Lct, ,l'(t:) - sitt.t: -.r'('os.r'?ur(l k'l tlre irritirrl c'stirrrtltc.r:o llc +

,t'1 -.I', '/'('t"l)
l'' Q'u)

= -1. -19:J, I I 9l-r4it( )lif)I"r

./'(.,'r )

= -1 ..19:]- I ( )f)4 l:7 9i\ 17

t ' ( ,,,,)

= J.l9;l l0glir7fX)t) I

As such, we found that c : 4.49340945790906 (approximate). Therefore, we
carr solve for r

't l. - il:

;i(rrf2) :,,(rr-.r')
(r.l' == o/r. - rQt -t'2)

rQr * 2)

"
Lt't a(.r:) :.r'- 4:t!
\\ir t'ittt gt't thc Ittttrrllt:t'ol'x'flerx iruglcs lt'rlrrilrr<l [<lr arr /r-gor) lly <llrtairrirrg tlrc
tttaxitttttttt ilrlrollg't'1 alrrl r,, !vlx'r'('r,1 : lr7(.r:).] urrrl 'rr2: fr7(:r:)1.

9.4 Proving the assumption
To get the trpper bounds that we have obtained above, we have made an as-
sumption.
We assumed that for the surn of sines of non-reflex angles to be maximised, the
reflex angles have to be as close as 2zr ars possible. To prove this, we consider 2
cases. We define r to be ttre number of reflex angles.
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9.4.L Case L: " S +
When , < +,the expression f sin,A; reaches the maximum when all the

i:t
reflex angles are as close to 2zr.
This is because the sum of remaining non-reflex angles is less than (n -2)r - xr
(when the reflex angles are as close to n as possible) but more than (n-2)r -2xr
(when the reflex angles are as close to 2r' as possible).

n-frr2nl4,.)
(n-2-2r)r:2r_0t*2)r

TL-r '.n-fi

,n_@*2)r )2tr_ (3n+6)n _ zr

tl-r 2n*4 2

Hence, it means that when the reflex angles are as close to 2zr as possible, thert
the sum of sines of the remaining angles will increase as the angles will get closer
to 2n

9.4.2 Case 2: " > +
We do not need to consider this case as the sum of sines for this case would
definitely be less than n - + : 4#, which can be achieved (arbitrarily close)
from the previous case.
Also, we note that the number of reflex angles required is less than e/.

,f

rL-4 _ (r,,*2)r
3a

(rr,*2)n _n-4tt 
" 

\ 
3

10 Sum of cosines in a triangle
Now that we have found an upper bound for the sum of sines, we shall now find
an upper bound for the sum of cosines in a triangle.

Observation 10.1.

cosA-cosB:2rirA*B B-A,zcos2

Mathematical Medtey . Votume 43 No. 1 . Augusl2017 73

Ingonometfl c I denttttes



Trigonometric I dentities

Proof .

cos A- cos B - cos
A+B A-B

)
(A+a A-B\
\2 2)2

+
2 - COS

( A+B A-B A+B A-B\
-\cos Z cos Z -slll 2 sln 2 )( A+B A-B A+B A-B\

I COS COS -r SlIL SlIl I\ 2 cos 2 *sin 2 ti 2 /
--2sin4+B A-B

2sln2
. A+B B_A- zsin 2 sin 

2

Observation LO.z.
cos A- 1 - zrin'!

Proof

cos A_ .or4+ 4-cos2A -sin222
2A: (r-2\

.,sln-

.,sln-

A
,
A
,

\ .,Al-s1n--)2
1 2

tr
Lemma 10.3. In a triangle wi,th angles A, B , C , we haue

cos A+cos B+cos C -1 +4sin4rir9rir9222
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Proof .

(cos A+cosB) +cosc_ 2corA+B A-B
=;cos; *cosC

T q)c A-B
2 2/ ot 2 *cosc

A- Bcos2+

-1+ zrinq, (.o, + - rirz
2\

21(

- zcos (

- Zrinf, Z)

)

.,)SIII-

Lemma LO.4. Irr, LABC,

-1+zrin9("ora-B 
/r A+B\

2\ 2 -sin(z 2 )
-1+ zrinT ("orry-cosry)

2 \ 2 2 )
--1 + zrrn?.2sin !"i^2222
-1+4sin4rir3rir9222

2s..
ac
2S

= - sinC
ao

tr

,irA < ,'2 - btr:
ulr,ere A is the angle- at, ue-r'te-r A and a.b.c o,re tltr: si,de lengths opposi,te th,e
angles.

Proof. Let the arca of LABC be S.

5: ]t1,'rinA) : ]"(o"i,,n; : ],,1t sirrC).2' 2' 2

I\hrltiplying bv *2 Hives
2S

Si,rilarly we carr gct 
bt : "t" 1
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Now

aaffi
b+c b++c4aoc aoc

2S6m
ac'ab

sin A:
sin B + sinC

2sin $"""!
2sin rycos ry
cosry' L)rrr2

by noting that 0 <corEf ( 1, because 0 ( lB -Cl < zr. Similarly we get

b ) sina+c
B
2

cC
*b>sin7

Lemma 10.5. For nonnegat'iue real numbers a,b, we haue

a*b>ztEU
Proof ,

n2 +b2 *2ab24a,b

a,*b>z{eb
tr

Theorem 10.6. Irt, LABC'

2

Proof. By the above lerrrnrzr,

.A B C abc
2 2 2 (a+b) (b+c) (c+a)
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Lcrrnrr?r 10.1-r vickls

C'orrrlring tlrt'' lrrst turo itrcrlltrtlitit's. \\'e g('t

.A B C
222

r rlx'
(a + b) (b + c) (c + o)
abc 1:Sabc 8

Tlnrs

cos A+cos B +cos C -1 + 4t' A Bsm, sln 7 srn
2

13
82

11 Sum of cosines in an n-gon
For even n, the sum of cosines in an n-gon can go arbitrarily close to n. The
construction is as follows:
We have f angles arbitrarily close to 0, and f angles arbitrarily close to
2tr. We constmct the polygon using angles with value alternating between 0
and 2n. For example, the diagram for n :6 is shown below:

This value is the maximum possible as it cannot go beyond n (as cos(r) < 1).
It also cannot reach n as to do so would result in the angles being 0 or 2r, both
of which would not be possible.
We conjecture that the maximum sum of cosines for odd n is given by the
formula

n-3 n*3 / 2r \
2 * z "*["1e/

A

F
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L2 Limitations
hi this project, there were some limitations that we faced to get the formula for
the upper bound of S,,.

1. Sirrce o in the equation o: tana has no exact form and an approximate
value can only be found through the use of calculus, this may affect the
results for large enough n.

2. Although the value of (n - r) sinffi seems to vary little in the domain

lur,rrf, we cannot round off n - +2 to the nearest integer and use the
obtained value as it may not be the correct answer.
An example of this is n : 13. n - fu*z rounded to the nearest integer is
3 but the number of reflex angles that are needed to maximise the answer
is actually 2.

3. As n grows larger, it becomes more difficult to construct the polygon that
maximises the sum of sines due to the large number of angles that are
arbitrarily close to 2tr. We have not verified if it is possible to constmct
polygons for large n.

13 Conclusion
In conclusion, we have found the general upper bound for sum of sines in all
7z-gons. We define u1 : ln - "o!') ),1)2: ln - "@-+z)1.

< nsin (T) for all convex 7z-gons or n ( 6\ft I

< max{(n - u1)sin +*!,@ - rz)si"ff!!} for all n-sons when n > 6sn

We also propose a conjecture for the general upper bound for sum of cosines in
all n-gons.

n for all even rL

for all odd Ttt ('os.4;
i-l
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