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Abstract

Suppose that ABCD is a quadrilateral. Then there will be 4 pieces of semi-
excircle on the quadrilateral. In this paper, we will discuss how to determine
the length of the radii of the semi-excircle, but previously we will also be
discussed how to determine the length of 4 new sides formed from the

extension of the sides on [JABCD which has no parallel sides.
1. Introduction

On a triangle always can be formed incircle and excircle [1-3, 7, 15-17], but on
any quadrilateral not necessarily can be formed incirle and excircle. Anyone have
incircle but do not have excircle and there has excircle but do not have incircle [1, 3,
4, 7]. Especially for excircle already discussed in [10-13], but in [10, 12] only
discusses about a quadrilateral has an excircle. For any convex quadrilateral actually
made by [12] is not an excircle, because only offend a side of the rectangle and the

other of two sides of extension, as in Figure 1.1.
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Figure 1.1

In this paper, a circle centered on the E, F, G and H (see Figure 1.2)

everything is called semi-excircle of quadrilateral ABCD. We called semi-excircle,

for example circle centered in E, only offensive side a = AB and extension of the
CB and DA, as well as a circle centered at F, G and H whereas R,, R;,, R. and
R, each is the radius of the semi-exircle centered in E, F, G and H. In [9-13] is

called tangential. In [10, 12] is not explicitly how long the fingers, but an association

that appliesis R, - R. = R, - R;.

If ABCD is a quadrilateral that there should be no parallel side, then there will be
two pairs of intersecting side (details see Figure 1.2). Suppose that P = AB () DC

and Q = AD () BC. Then it needs to be discussed, how long of side o = BP,
B=CP, y=CQ and & = DQ. If DABCD is cyclic quadrilateral, to calculate the

p-AC
R

length of each has been discussed on [7, 15, 17] for example o = , with p is
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a radius of the excircle AADC and R radius is a cyclic quadrilateral. The question is

what if (JABCD not a cyclic quadrilateral. It is necessary to set the length of a, J,

v and & and the length of radii of each of the semi-excircle.

Q

Figure 1.2

2. Semi-Gergonne and Long of New Side

If on any triangle, we always have 3 pieces of outer of Gergonne point. But in
any quadrilateral has not been able to construct outer of Gergonne point, because it
will not be possible to construct excircle for rectangular, except LJABCD has an
excircle, see [8, 10, 11, 13]. Because that always can be constructed is the offending
one side and the extension of the other two sides (on the condition that there should
be no parallel sides), so that, each 2 pieces of which are incircle of ABCP and
ACDQ were two others are excircle of AAPD and ABQA. But his fourth was

outside of [JABCD, so that lines drawn to each point of tangency is called the semi-
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Gergonne of [JABCD. As for the four Gergonne points is like Figure 2.1.
Noteworthy that /, and I, are the center point of the incircle ABCP and ACDQ,

while /. and I; each of which is center point of excircle from AAPD and ABQA.

While G, , G,

ey’ €y’

G

ey and G, are a Semi-Gergonne point on LJABCD.

0

u

Figure 2.1

Noteworthy that impossible the incenter can be the same as semi-Gergonne
point, except the triangle that formed is an equilateral triangle. On [JABCD convex,
if each side is extended, then there will be the side that meets in one point, then forms
some new sides. In Figure 2.1, there is no parallel of quadrilateral side. Four sides are

different lengths between each other.

On Figure 2.1, can always be shown that AADP ~ ACBP, it follows that

Q
+
Q

=
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So
B = ab ; bo.
and
da. = bc + bf
which result in
do, = bc + b(ab ks ba)’
d
so that
o = bed +ab’
d* - b*
and
g abd+ cb?
a2 — b2

In another part, since AABQ ~ ACDQ, so that

d+9d
Y

a
c

b+vy
5

So

cd + cd

and

ad = bc + ¢y
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which produce

abe + dc?

tlz—C2

S =

and

acd + bc?

612—6‘2

Obviously the above conditions only apply to the value of d > b and a > ¢, but
if otherwise if d < b and a < ¢, then the value of o, B, 7 and & will be negative.

It is not possible, because of the long side is not possible negative. Therefore, the

absolute value is taken. So the length of the side of o, B, y and & becomes

BP =«
_ bed + ab’
|d*-b7 |

cP=p
_ abd +cb’
|d* 7|

Cco =y
acd + bc?
la® =c*|

DQ =%
_ abe + dc?
|a® = c? |
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3. Length of Radii of the Circle Semi-excircle

Length of radii of tangents circle quadrilateral

A convex quadrilateral of ABCD has four excircle. Each of the excircle of
convex quadrilateral can be calculated the length of radii. Since we have been able to

determine the length of the side of BP, CP, CQ and DQ, the length of radii of

semi-excircle offensive side of BC can be used the radii of incircle on ABCP, that is,

Rb = (S2 — Oc)tan%ZBCP

= (s, — PB) tan%LCBP
1
= (S2 - b)tanEZBPC,
where s, =1/2(b + o + B).

The value of R, is calculated in full by using the value of a, b, c and d. For

example, if substituted o and  to S,, are obtained

b+oa+p)

| =

Sy =

_1(,, bed . abd+ch’
20 22— -

Q2.1
2 d* — b?

=l(d2b+cb2 +b2a+bcd+abd—b3j
The substitution of equation (2.1) and the value of o to the value of R, above, it

will be obtained

Rb = (S2 - Oc)tan%ZBCP

* Repository University Of Riau

FPERPUSTRKRARAND UNIVERSITHS RIRAU

http://repository.unri.ac.id/



8  MASHADI, SRI GEMAWATI, HASRIATI AND HESY HERLINAWATI

tan — ZBCP,
2 d* - b? d? - b?

_[l(d2b+b2c+ab2+bcd+abd—b3j_bcd+ab2j 1
- 2

2

_l(bdz +b% —ab® - b’ +abd—bcd) 1
2

tan — ZBCP.
d* - bp?

In another form and with a similar reduction but by using the ZCBP will be

obtained

Rb = (S2 - B)tan%LCBP

tan — ZCBP
2 d* — b? d* — b?

_(l(d2b+b2c+ab2+bcd+abd—b3)_abd+cb2] 1
- 2

_l(bd2+b2a—cb2—b3 —abd+bcdj 1
- 2

tan — ZCBP.
2 d? - b?

But if using and ZBPC, then the result will be slightly different, that is,

Rb = (S2 - 'y)tan%ABCP

_(1(d2b+b2c+ab2+bcd+abd—b3]_b] 1
- 2

5 d2 e tan — ZBPC

2 2 2 3
1(bc+ab” —bd® +bed +abd =3 | 1 o
d* — b? 2

Furthermore, to calculate the length of R., can be used incircle of ACDQ, by

using the formula

R, =(s3 - y)tan%LCDQ

=(s3 - S)tan%LDCQ
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=(s3—¢) tan%LCQD,

where 53 =1/2(c + v+ §).

By using the value of a, b, ¢ and d. For example, if substituted the value 7y

and § to s3, will be obtained

S3_§ 612—6'2 ’ 612—6'2

1 (acd +bc®  abe + dc? )
= +c

2 2

l(dc2 +bc2+ca2+acd+abc—c3)
a” —c

(]|

Thus obtained

R. =(s3 - y)tan%éCDQ

> 3 > > 3 tan - ZCDQ

=(l(dc2+bc2+ca2+acd+abc—c3]_abc+dc2) 1
a” —c a” —c 2

3 5 > tan — ZCDQ.

=l(dc2—bc2+ca2+acd—abc—c3] 1
a” —c 2

If using ZDCQ, will be obtained

R, =(s3 - S)tan%ADCQ

2

2 2 2 3 2
(l(dc + bc +ca2 +a2cd+abc c ]_ab;+d; )tanléDCQ

a —c a —c 2

> 3 5 tan — ZDCQ.

=l(bc2+ca2—dc2—c3+abd—abc] 1
a” —c 2

Meanwhile, if using ZCQD, will obtain slightly different results, namely
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R. =(s3 - c)tan%éCQD

2 2 2 3
=(l(dc + be +ca2 +azcd+abc c )—c)taHLACQD
2 a—c 2

2 2 2 a3
l dc” + bc ca® + acd + abc — 3¢ tan l £COD.
2 a? -2 2

While to calculating R; and R, each of which is the same as counting excircle of

AAPD and AABQ, since

(a+o+PB+c+d)

N|>—

S4 =
and

si==b+y+86+d+a)

N|>—

SO

((a+a)+(B+c)+d)

bed + ab® abd + cb?
a+ + +c|+d
d? - b? d* — b?

1( ad?® + d*c — db® + d> + bed + abd
d* - b?

NI»-

S4 =

| =

(]}

and

S =

(a+B+7)+@+d))

acd + bc? abe + dc?
a+|b+ 3 |t 5 3 +d
a” —c a” —c

_l(da2 +ba® —c2a+a’ +acd +abc)
=3 .

N|>—

| =

Cl2 —C2
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Thus obtained

2 2. 22, 13
Rdzl(dcwdc b’ +d +bcd+abd)tanléAPD
2 2 _p2 2
d“-b
and
1 da® + be? — c*a+ a® + acd + abe 1
Ra = E( a2 _62 tanELBQA.

As said above, the value of R,, R,, R. and R, is for case side lengths of a > ¢
and the long side of d > b so if otherwise applicable, then the denominator from the
equation above for a* - ¢? changed into ¢?—a® and d* -b° changed into

b? —d>. So generally will be obtained

2 22 3
Ra:l da” + bc c“a+a’ + acd + abc tanlLBQA,
2 |a2—c2| 2
2, .2 .2 3 _
szl bd“ +b“c —ab b’ + abd — bcd tanléBCP,
2 |d2 —-b2| 2
2, .2 .2 .3
R, :l bd“ +b“a—cbh b abd + bed tanlLCBP,
|d* - b* | 2
2 2,2 a3
=l b“c + ab” — bd” + bed + abd — 3b tanléBPC,
2 |d2 —-b2| 2
2 2 B
%(dc - be? +| ca® + acd abc — ] LDCQ
a’ - c?
1( be? + ca® — de? — ¢ + abd -
sz c ca* |c S +a J —ACDQ
a? - c?
2 2
% dc? + be? —|ca +acd+abc ]t —LCQD
a’ - c?
2 2. 22, o3
_l da+d“c—db” +d’ + bed + abd tanléAPD.
2 |d2 —-b2 | 2
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On the above calculations, there are respectively 3 formulas to calculate the value of

R, and R;, viewed from a different angle. While the formula to calculate the value

of R, and R; each only one formula. This is because the formula for calculating R,

and R, used excircle formula, which the excirle formula only unique. While the

formula to calculate R; and R, derived from the incircle formula, which incircle

formula basically can be derived from three concepts of that angle.

(1]

(2]

(3]

(4]

(5]

(6]

(71
(8]

(9]

(10]

[11]

(12]

References

A Gultierrez, Go Geometri, hal 1

http://www.gogeometry.com/problem/p569_quadrilateral_excircles_tangency_point_c
ongruence.htm. acsessed 4 August 2015. 08.35 pm

A. Hess, On a circle containing the incenters of tangential quadrilaterals, Forum Geom.
14 (2014), 389-396.

F. Samandace and I. Fatrascu, The Geometry of Homological Triangles, The Educatios
Publisher, Inc., Ohio, 2012.

H. Mowaffaq, A condition for a circumscriptible quadrilateral to be cyclic, Forum
Geom. 8 (2008), 103-106.

H. S. M. Coxeter and S. L. Greitzer, Geometry Revisited, the Mathematical
Association of America, Washington, D. C., 1967.

L. Hoehn, A new formula concerning the diagonals and sides of a quadrilateral, Forum
Geom. 11 (2011), 211-212.

Mashadi, Pusbangdik Universitas, Riau, 2012.

Mashadi, Sri Gemawati, Hasriati and Putri Januarti, Some result on excircle of
quadrilateral, JP J. Math. Sci. 14(1 & 2) (2015), 41-56.

Mihal Miculita, A new property of circumscribed quadrilateral, Inter. J. Geom. 1(2)
(2012), 61-64.

M. Josefsson, On the inradius of a tangential quadrilateral, Forum Geom. 10 (2010),
27-34.

M. Josefsson, More characterizations of tangential quadrilateral, Forum Geom. 11
(2011), 65-82.

M. Josefsson, The area of a bicentric quadrilateral, Forum Geom. 11 (2011), 62-85.

Repository University Of Riau

FPERPUSTREKHARARN

UNIVERSITARS RIAU
http://repository.unri.ac.id/



SEMI-EXCIRCLE OF QUADRILATERAL 13

[13] M. Josefsson, Similar metric characterizations of tangential and extangential
quadrilaterals, Forum Geom. 12 (2012), 63-77.

[14] N. Minculete, Characterizations of a tangential quadrilateral, Forum Geom. 9 (2009),
113-118.

[15] M. Radic, Z. Kariman and V. Kadum, A condition that a tangential quadrilateral is
also a chordal one, Math. Commun. 12 (2007), 33-52.

[16] Paul Yiu, Introduction to the Geometry of the Triangle, Florida Atlantic University,
2012.

R Repository University Of Riau
PERPUSTRKRAND UNIVERSITHAHS RIRU
http://repository.unri.ac.id/



