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Abstract: - Trigonometry is a branch of mathematics that deals with relations between sides and angles of
triangles. The trigonometric functions are very important in technical subjects like Astronomy, Relativity,
science, engineering, architecture, and even medicine. In this paper, the elliptical trigonometry is introduced in
order to be in the future a part of the General Trigonometry topic.

The concept of the Elliptical Trigonometry is completely different from the traditional trigonometry in which
the study of angles is not the relation between sides of a right triangle that describes a circle as the previous one,
but the idea here is to use the relation between angles and sides of an ellipse form with the internal and external
circles formed by the intersection of the ellipse form and the positive parts of x’ox and y’oy axis in the
Euclidian 2D space and their projections. This new concept of relations will open a huge gate in the
mathematical domain and it can resolve many complicated problems that are difficult or almost impossible to
solve with the traditional trigonometry, and it can describe a huge number of multi form periodic signals.
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1 Introduction Elliptical trigonometry is presented and discussed

The traditional trigonometry is a branch of the briefly in the third section. In the fourth section, a
mathematics that deals with relationships between survey on the Elliptical Trigonometric functions is
sides and angles of a right triangle [3-5]. Six discussed and four different functions are simulated
principal functions (e.g. cosine, sine, tangent ...) are with brief examples. A survey on the application of
used to produce signals that have an enormous the elliptical trigonometry in engineering domain is
variety of applications in all scientific domains [6-9]. ~ Presented in the section 5. Finally, a conclusion
It can be considered as the basis and foundation of about the elliptical trigonometry is presented in the

section 6.

many domains as electronics, signal theory,
astronomy, navigation, propagation of signals and _
many others... [10-13]. Now it is time to introduce a 2 The angular functions

new concept of trigonometry in the Euclidean 2D- Angular functions are new mathematical
space to replace the previous one, and open new functions that produce a rectangular signal, in which
gates and new challenges by the reconstruction of period is function of angles, it is also introduced by

the author [20]. Similar to trigonometric functions,
the angular functions have the same properties as
the precedent, but the difference is that a rectangular

the science [14-16].
In this paper, the new concept of the elliptical

trigonometry- is introdu_ced a”_d few examples are signal is obtained instead of a sinusoidal signal [14-
shown and discussed briefly. Figures are drawn and 16] and moreover, one can change the width of each
simulated using AutoCAD and Matlab. positive and negative alternate in the same period.

In the second section, the angular functions are This is not the case of any other trigonometric

function. In other hand, one can change the
frequency, the amplitude and the width of any
period of the signal by using the general form of the
angular function.

defined, these functions have enormous applications
in all domains, and it can be considered as the basis
of this trigonometry [1-2]. The definition of the
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In this section three types of angular functions
are presented, they are used in this trigonometry; of
course there are more than three types, but in this
paper the study is limited to three functions.

2.1 Angular function ang,(x)

The expression of the angular function related to the
(ox) axis is defined, for K € Z, as:

ang,(B(x +v)) =

+1 for (4K—1)%—y£x$(41(+1)%—y
1
-1 for(4K+1)%—y<x<(4K+3)%—y @)
7 2 i
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Fig. 1: The ang, (B(x + y)) waveform.

For $ =1 and y = 0, the expression of the
angular function becomes:
+1 for cos(x) =0

ang, (x) = { —1 for cos(x) <0

2.2 Angular function ang,(x)

The expression of the angular function related to the
(oy) axis is defined, for K € Z, as:
ang,(B(x +y)) =
+1 for 2Kn/f -y <x< 2K+ Dn/f -y
{—1 for QK+ Dn/B—y<x<QRK+2Dmn/B—y

(2)
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Fig. 2: The ang, (B(x +y)) waveform.

For § =1 and y = 0, the expression of the
angular function becomes:

_(+1 for sin(x) =0
angy(x) = {—1 for sin(x) <0

2.3 Angular function ang,(x)
a (called firing angle) represents the angle width
of the positive part of the function in a period. In
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this case, we can vary the width of the positive and
the negative part by varying only a. The firing angle
must be positive.
angq (BGx +7)) =

+1 for

RKn—a)/f -y <x< (2Kn+a)/f—Yy

-1 for
QCKr+a)/f-y<x<QREK+Dr—-a)/f -y
(©)
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Fig. 3: The ang,(B(x + y)) waveform.

3 Definition of the

Trigonometry

3.1 TheElliptical Trigonometry unit

The Elliptical Trigonometry unit is an ellipse with a
center O (x =0, y = 0) and has the equation form:
(x/a)* + (y/b)* =1

With:

‘a’ is the radius of the ellipse on the (x’0x) axis,
‘b’ is the radius of the ellipse on the (y’oy) axis.

Elliptical

(4)
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Fig. 4: The elliptical trigonometry unit.

It is essential to note that ‘a’ and ‘b’ must be
positive. In this paper, ‘a’ is fixed to 1. One is
interested to vary only a single parameter which is
‘b’.

Issue 9, Volume 11, September 2012



WSEAS TRANSACTIONS on MATHEMATICS

3.2 Intersections and projections of different
elements of the Elliptical Trigonometry on
therelative axes

From the intersections of the ellipse with the
positive parts of the axes (ox) and (oy), define
respectively two circles of radii [oa] and [ob].
These radii can be variable or constant according to
the form of the ellipse.

The points of the intersection of the half-line [od)
(figure 4) with the internal and external circles and
with the rectangle and their projections on the axes
(ox) and (oy) can be described by many functions
that have an extremely importance in creating plenty
of signals and forms that are very difficult to be
created in the traditional trigonometry.

Definition of the letters in the Figure 4:

a: Is the intersection of the ellipse with the positive
part of the axe (ox) that gives the relative circle of
radius "a". It can be variable.

b: Is the intersection of the ellipse with the positive
part of the axe (oy) that gives the relative circle of
radius "b". It can be variable.

c: Is the intersection of the half-line [od) with the
circle of radius b.

d: Is the intersection of the half-line [od) with the
ellipse.

e: Is the intersection of the half-line [od) with the
circle of radius a.

¢, Is the projection of the point ¢ on the ox axis.
d,: Is the projection of the point d on the ox axis.
e, Is the projection of the point e on the ox axis.
cy: Is the projection of the point ¢ on the oy axis.
d,,: Is the projection of the point d on the oy axis.
e, Is the projection of the point e on the oy axis.

a: Is the angle between the (ox) axis and the half-
line [od).
o: Is the center (0, 0).

3.3 Definition of the Elliptical Trigonometric
functions E fun(a)

The traditional trigonometry contains only 6
principal functions: Cosine, Sine, Tangent, Cosec,
Sec, Cotan [6], [16], [17]. But in the Elliptical
Trigonometry, there are 32 principal functions and
each function has its own characteristics. These
functions give a new vision of the world and will be
used in all scientific domains and make a new

E-ISSN: 2224-2880

786

Claude Ziad Bayeh

challenge in the reconstruction of the science
especially when working on the economical side of
the power of electrical circuits, the electrical
transmission, the signal theory and many other
domains [15],[18].

The functions Cjes(a), Cmar(a), Cter(a) and
Cjesy(a) , which are respectively equivalent to
cosine, sine, tangent and cotangent. These functions
are particular cases of the “Circular Trigonometry”.
The names of the cosine, sine, tangent and cotangent
are replaced respectively by Circular Jes, Circular
Mar, Circular Ter and Circular Jes-y.

Cjes(a) © cos(a); Cmar(a) © sin(a)
Cter(a) & tan(a), Cjes,(a) © cotan(a).

The Elliptical Trigonometric functions are denoted
using the following abbreviation “E fun(a)”:

-the first letter “E” is related to the Elliptical
trigonometry.

-the word “fun(a)” represents the specific function
name that is defined hereafter: (refer to Figure 4).

* Elliptical Jesfunctions:

i — 0dx _ 0dx
El. Jes: Ejes(a) = poie )
- Eies. (a) = %% — Eies@
El. Jes-x: Ejesy(a) = 2% = o= (6)
 Eies. (a) = %% — Eles(@
El. Jes-y: Ejes, (a) = ve, — cmar@) @)
* Elliptical Mar functions:
: _ 04y _ ody
El. Mar: Emar(a) = — = — )
. _ ﬂ _ Emar(a)
El. Mar-x: Emar,(a) = oy — Clest@) 9)
. _ ﬂ __ Emar(a)
El. Mar-y: Emar, (a) = oc, ~ cmar(@ (10)
* Elliptical Ter functions:
. _ Emar(a)
El. Ter: Eter(a) = Fes@) (11)
El. Ter-x:
Eter,(a) = —i?i;x(%) = Eter(a) - Cter(a) (12)
) __ Emary(a) _ Eter(a)
El. Ter-y: Etery(a) = Ejesi(a) — ctera) (13)
* Elliptical Rit functions:
it Epi _ 0dx _ 0dyx _ Emar(a)
El. Rit: Erit(a) = ob — oc — Cter(@ (14)
o _ ody _ Erit(a)
El. Rit-y: Erlty(a) = oe, = cmar@ (15)

* Elliptical Raf functions:
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El. Raf: Eraf(a) = % = Cter(a).Ejes(a) (16)

i _ ﬂ __Eraf(a)
El. Raf-x: Eraf,(a) = vor — Tiost@) a7
« Elliptical Ber functions:

. __ Eraf(a)
El. Ber: Eber(a) = Frit@ (18)
El. Ber-x:
Erafy(a)

Eber,(a) = ity @ = Eber(a) - Cter(a) (19)

. __Erafy(a) _ Eber(a)
El. Ber-y: Ebery (a) = Erien @)~ Crer(a) (20)
34 The reciprocal of the Elliptical

Trigonometric function

Efun~1(a) is defined as the inverse function of
Efun(a). (Efun *(a) = 1/Efun(a)). In this
way the reduced number of functions is equal to 32
principal functions.

E.g.: Ejes (a) = —

Ejes(a)

3.5 Definition of the Absolute Elliptical
Trigonometric functions E fun(a)

The Absolute Elliptical Trigonometry is introduced
to create the absolute value of a function by varying
only one parameter without using the absolute value
“| |”. The advantage is that we can change and
control the sign of an Elliptical Trigonometric
function without using the absolute value in an
expression. Some functions are treated to get an idea
about the importance of this new definition. To
obtain the Absolute Elliptical Trigonometry for a
specified function (e.g.: jes(a) ) we must multiply
it by the corresponding Angular Function (e.g.:

(angy())") in a way to obtain the original function
if i is even, and to obtain the absolute value of the
function if i is odd (e.g.: |Ejes(a)]).

If the function doesn’t have a negative part (not
alternative), we multiply it by (ang,(8(a —y))" to
obtain an alternating signal which form depends on
the value of the frequency “£” and the translation
value “y”. By varying the last parameters, one can
get a multi form signals.

 Ejes;(a) = (ang(@)' - Ejes() (21)
B (angx(oc))1 -Ejes(a) = |Ejes(a)| ifi=1
(angx(oz))2 -Ejes(a) = Ejes(a) ifi=2
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 Bjesio(@) = (ango(@ = 1)) - Ejesy (@) (22)
_ {angx(a —y) - Ejesy(a) ifi=1
~ | Ejesy(a) ifi=2
« Ejes;y(a) = (angy(Za))l - Ejesy(a) (23)

_ (angy(2a) - Ejesy(a) = |Ejesy(a)| if i=1
B {Ejesy(a) ifi=2
s Emar;(a) = (angy(a))l - Emar(a) (24)
s Emar; . (a) = (angy(Za))i - Emar, (a) (25)

. Emari,y(a) = (angx(a — y))i - Emar, (a) (26)

s Erit;(a) = (angx(a))i - Erit(a) (27)
And so on...
4 A survey on the Elliptical

Trigonometric functions

As previous sections, a brief study on the Elliptical
Trigonometry is given. Four functions of 32 are
treated with examples to show multi form signals
made using the characteristic of this trigonometry.
Elliptic cosine and Elliptic sine that appear in the
previous articles [1] and [2], are particular cases of
the Elliptic Jesand Elliptic Mar respectively.

For this study the following conditions are taken:
-a=1
- b > 0 the height of the rectangle from the center.

4.1 Determination of the Elliptic Jesfunction
The Elliptical form in the figure 4 is written as the
equation (4). Thus, given (5), the Elliptical Jes
function can be determined using following method.
In fact:

% _ OCy

Cter(a) = ===, it is significant to replace the

equation y = Cter(a).x in that defined in (4).
(2)2 + (Cter(a) %)2 = (3)2 <1 + (Cter(a) %)2> =1=

. +1
Ejesy(a) = ——
1+(%Cter (a))

Therefore:
“Ejesy(a) = = for-S<x<%2>0

1+(%Cter (a))

1 forf<x<Z X<
2 a

*Ejesy(a) = ———=
/1+(%Cter (a))
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Thus the expression of the Elliptic Jes can be
unified by using the angular function expression (1),

therefore the expression becomes:
angx (@)

Ejesp(a) = ————=
1+(%Cter ((x))

angu(x)

Ejes(x) = (28)

1+(%Cter (x))2

* Expression of the Absolute Elliptic Jes:
angy(x) . (angx(x))l

/1+(%Cter (x))2
The Absolute Elliptic Jesis a powerful function that
can produce more than 14 different signals by
varying only two parameters i and b. Similar to the
cosine function in the traditional trigonometry, the
Absolute Elliptical Jes is more general than the
precedent.

« Multi form signals made by Ejes; , (x):

Figures 5 and 6 represent multi form signals
obtained by varying two parameters (i and b). For
the figures 5.a to 5.f the value of i = 2, for the
figures 6.a to 6.f the value of i = 1.

Ejes;,(x) = (29)
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Fig. 5: multi form signals of the function Ejes; 5, (x)
for i = 2 and for different values of b > 0.

b) i=1b=0.2

di=1b=1

e)i=1b=3 f)i=1,b=90
Fig. 6: multi form signals of the function Ejes; ;, (x)
for i = 1 and for different values of b > 0.

Important signals obtained using this function:
Impulse train with positive and negative part,
elliptic  deflated, quasi-triangular, sinusoidal,
elliptical swollen, square signal, rectangular signal,
impulse train (positive part only), rectified elliptic
deflated, saw signal, rectified elliptical swollen,
continuous signal...

These types of signals are widely used in power
electronics, electrical generator and in transmission
of analog signals [18].

* Exampleusing the Ejes, (x):

In this part, an example is treated in a goal to form
many shapes obtained by varying only one
parameter. For this, consider the following equation:

y? = (k.rectp(x — xo).Ejesb(ocx))2 (30)
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With  k is the amplitude of the signal,
‘x’ is a variable parameter,

a is the frequency of the Ejes;, (ax),

k,a and T are positive values(> 0).
In fact, the rectangular function rect;(x — x,)
which is illustrated in figure 7 is defined as
T T
1 for xO—ESxSxO+E(31)

rectr(x — xy) = {
0 otherwise

|
o wo-Tr2 X0 XHo+T/2 X

T
Fig. 7: recty(x — x,) wave form

Theny = t(k.rectr(x — xo). Ejes,(ax))  (32)
The period of Ejes;, (ax) isequalto T; = 2n/«a
For a particular case, let’s take T =2;a =m/2;
xo=0and k = 1.

By varying the parameter b in (32), the following
remarkable shapes are illustrated in figures 8.a to

8.0.

d) b =+3/3
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g) b =120
Fig. 8: different shapes of the function (32) for
different values of b (presented in blue color).

Important shapes obtained respectively using this
expression:

Plus form, cross form, star form, Quasi-rhombus,
eye form, quasi-circular, square. More signals can
be obtained by varying more than one parameter.

4.2 The Elliptic Jes-x function
The elliptical form in the figure 4 is written as the
equation (4). Thus, given (6), the Elliptical Jes-x
function can be determined. In fact:

. Ejesp(x) angx(x)

Ejes,, (x) = — = (33)
b Cjes(x) Cjes(x) /1+(%Cter (x))2

* Expression of the Absolute Elliptic Jes-x

Ejes, (x) = Ejes,, () - (ang,(x =)' (34)

« Multi form signals made by Efesx;', (x):

Taking y = 0 for this example, figures 9 and 10
represent multi form signals obtained by varying
two parameters (i and b). For the figures 9.a to 9.e
the value of i = 2, for the figures 10.a to 10.f the
value of i = 1.
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c)i=2b=1

Fig. 9: multi form signals of the function Ejesxli’ (%)

for i = 2 and for different values of b > 0.

[1

[1

)i=1;b=1
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e)i=2;b=29 Ni=2b=29;, y=mn/2
Fig.10: multi form signals of the function Ejesxll-? (x)

for i = 1 and for different values of b > 0.

Important signals obtained using this function:
Impulse train with positive part only, sea waves,
continuous signal, amplified sea waves, impulse
train with positive and negative part, square, saw
signal ...

* Example using the Elliptic Jes-x:

In this part, an example is treated in a goal to form
many shapes obtained by varying only one
parameter. For this, consider the following equation:

y? = (k. (recty(x — xo)-Ejes,, (ax) — 1))2 (35)

With  k is the amplitude of the signal,
‘x’ is a variable parameter,
a is the frequency of the Ejes,, (ax),

k,a and T are positive values(> 0).
Then,

y = x(k. (recty(x — xo).-Ejesy, (ax) — 1)) (36)
The period of Ejes,, (ax) isequalto T; = r/a.
For a particular case, let’s take T=2; T, = 2;
a=mn/2;xy=1and k = 1.

By varying the parameter b in (36), the following
remarkable shapes are illustrated in figures 11.a to
11.h.
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g b=2 h) b=4
Fig. 11: different shapes of the function (36) for
different values of b > 0.

4.3 The Elliptic Mar function

The elliptical form in the figure 4 is written as
the equation (4). Thus, given (8), the Elliptical Mar
function can be determined using following method.
In fact:

oc
Cter(a) =2 == y =2~
x 0Cy Cter

@ it is significant

Y__in that defined in

to replace the equation x =

Cter(a)
(4). Thus, (== )’ T/ =12

iECter a
Emar,(a) =2 peter (@)

b /1+(%Cter (oc))2

i%Cter )

/ 1+(%Cter (Jc))2

+%Cter (x)

* Emarb (x) =TT
,1+(%Cter (x))

= Emary(x) = %

Therefore:

forOSx<§
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~Zct
e Emar, (x) = L(x)zfor% <x<m
1+(%Cter (x))
~Zct
s Emar,(x) = L(x)zforn <x< 3%
1+(%Cter (x))
+2Cter (x
e Emar, (x) = == © for3l <x<2m

/1+(%Cter (x))2 z

Thus the expression of the elliptic Mar can be
unified by using the angular function expression (1),

therefore the expression becomes:
a Cter (x)ang,(x)

Emary,(x) = - ———== (37)
b /1+(%Cter (x))2

* Expression of the Absolute Elliptic Mar:

Emar;,(x) = Emar, (x) - (angy(x))l (38)

Similar to the Absolute Elliptic Jes, the
Absolute Elliptic Mar is a powerful function that
can produce more than 14 different signals by
varying only two parameters i and b. Similar to the
sine function in the traditional trigonometry, the
Absolute Elliptical Mar is more general than the
precedent.

* Multi form signals made by Emar; , (x):

Figures 12 and 13 represent multi form signals
obtained by varying two parameters (i and b). For
the figures 12.a to 12.f the value of i = 2, for the
figures 13.a to 13.f the value of i = 1.

1] SR— H . -

1] SR— H 4 -

1] SR— H . -

1] SR— 4 . -

H H H i i 18 L H
i B F 1 1 i

d) i=2;b=+3
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15 15 T T T T T
) ISR SN S N N Y — H RIS SO T ; H
a5 a5 l : ‘ : :
- - M LY L v
DY UL OO N AU N - : ||| ...... : I :
Y SRS SR U SN SRS SO [ S S S SEN S R
" i i i i i H " i
0 i 1 0 12

e)i=2b=6 f) i=2;b =100
Fig. 12: multi form signals of the function
Emar;, (x) for i = 2 and for different values of

b>0.
M @i;ﬁb;db&.%Mi;L;;aZ;
u@i;ﬁb;“‘.umi;ngéJ%r
DO AT T

e)i=1b=6 f) i=1;b =100
Fig. 13: multi form signals of the function
Emar;, (x) for i = 1 and for different values of
b > 0.

4.4 TheElliptic Rit function
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The elliptical form in the figure 4 is written as the
equation (4). Thus, given (14), the Elliptic Rit
function can be determined. In fact:

. Emar(x) a angy(x)
Erit, (x) - Cter (x) - b a 2 (39)
1+(ECter (x))

* Expression of the Absolute Elliptic Rit:
Erit; ,(x) = Erit,(x) - (angx(x))l (40)

« Multi form signals made by Erit; ;, (x):

Figures 14 and 15 represent multi form signals
obtained by varying two parameters (i and b). For
the figures 14.a to 14.e the value of i = 2, for the
figures 15.a to 15.e the value of i = 1.

3 El
2 P —
1 1 : VaRy
AN N
n;../ Y press St / \\ ",.f/ \\
H / / Y

) SUUUUOS TP AP SOV SURPOOS-SOOTY [ B S ANy AN
2 ) IO
B 3 7] 2 i 3 W s = a2 0

a) i=2b=3 b) i=2b=1
3 [
z o

/ |

! rr’f \ .-"'l 2 f|"l ‘\ {

l.’"l; \ ’X ;J \‘\ /
i) S i) T T #

/ \ / i f,-“' /
1 / i Neee| J2pe-4 \
\/ \ i\ f
A A HIRY. \{

2 H 7Y L S N A
Bl [ [i] p S0 = & 4 -2 [i]

) i=2b=+3/3 d)i=2;b=0.2

e) i =2;b=0.001
Fig. 14: multi form signals of the function
Erit;,(x) for i = 2 and for different values of
b > 0.
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) i=2%b=v3/3 d)i=2b=02

e) i =2;b=0.001

Fig. 15: multi form signals of the function
Erit; ,(x) for i = 1 and for different values of
b > 0.

Important signals obtained using this function:
Elliptical swollen compressed, sinusoidal, quasi-
triangular, elliptical deflated amplified, impulse
train (positive and negative part) with controlled
amplitude, impulse train (positive part only) with
controlled amplitude, saw signal, null signal,
rectified sinusoidal ...

» Example using the Elliptical Rit:

In this part, an example is treated in a goal to
form many shapes obtained by varying only one
parameter. For this, consider the following equation:
y? = (k.recty(x — xo).Eritb(owc))2 (41)
With  k is the amplitude of the signal,

‘x’ is a variable parameter,
a is the frequency of the Ejes,, (ax),
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k,a and T are positive values(> 0).
=y = +(k.rect;(x — x,). Erit, (ax)) (42)
The period of Erit,(ax) isequalto T, =27/«

For a particular, let’s take T; = m; T = %; a=2;

Xo=0and k = 1.

By varying the parameter b in (42), the
following remarkable shapes are illustrated in
figures 16.ato 16.h.

c) b=+3/3 d b=08
e) b=1 fy b=2

[ S N Y imeerhenennis O e emem e —— oo
9) b=5 h) b =50

Fig. 16: different shapes of the function (42) for
different values of b > 0.
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45 Original formulae of the Elliptical
Trigonometry

In this sub-section, a brief review on some
remarkable formulae formed using the elliptical
trigonometric functions.

. (Ejesb(x))2 + (Emocrb(x))2 =1 (43)
In fact:
(Ejesb(x))2 + (Emarb(x))2 =
2 2
ang,(x) a Cter (x)ang,(x)
a 2 b a 2
1+(—Cter (x)) 1+(ECter (x))
(2)2 Cter (x)2 _
1+(bC er (x)) b (ECter (x))2
1+(a)2Cter (x)2 ( Cter (x)) _ 1
1+(ZCter (x)) (BCter (x))
1 1

E]esx(x)+Emarx (x) Ejesf,(x)+Emar§(x) =1 (44)

In fact:
2 Ejes(x) 2 Emar(x) 2
E]esx (x) + Emarx (x) (Cjes(x)) ( Cjes(x) )
1 1 . 2

T (Cjes))’ | EjesttEmar(x) (Cjes(0))

and

. Ejes(x) 2 Emar(x) 2
E]esy (x) + Emary (x) - (Cmar(x)) (Cmar(x))

1 1 2
B (Cmar(x))2 Ejes}z,(x)+Emar32,(x) - (Cmar(x))
Therefore:
1 1 _

EjesZ(x)+Emar2(x) Ejes}z,(x)+Emar§ x)

Cjes?(x) + Cmar?(x) = cos?(x) +sin?(x) = 1

5 Survey on the application of the
éliptical trigonometry in engineering
domain

As we saw in the previous sections, the main
goal of the Elliptical Trigonometry is to produce a
huge number of multi form signals using a single
function and by varying some parameters of this
function, for this reason, one can imagine the
importance of this trigonometry in all domains
especially in telecommunication, signal theory,
electrical and electronic engineering.

Particularly in electrical engineering: motor
drives, robotics, and other electronic applications
need many controlled circuits that produce different
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type of signals. In a goal to increase the efficiency,
by using this trigonometry, one can develop a circuit
that produces multiple forms of signals that respond
to requirements [2].

The functions of this trigonometry are easily
programmed and simulated with softwares as
Matlab and Labview, and many circuits can be
formed to describe these functions.

For a particular case, the Elliptic Mar function can
be obtained as an output signal by using a simple
circuit as shown in the figure 17.

Input Output
Controlled { = Electronic |
Inputs b circuit of the | Emaris(x)
function | =
sin(x) _|  Emaris(x)

Fig. 17: Electronic circuit with its inputs and output.

Thus, this simple circuit can produce more than 14
different signals by varying only the two parameters
(i and b). These output signals have an extreme
importance in the power electronics in which the
regulation of electronic systems will become
simpler and more efficient. In another hand circuits
will be more reduced and costless.

6 Conclusion

In this paper, an original study in trigonometry is
introduced. The elliptical unit and its trigonometric
functions are presented and analyzed. In fact the
proposed Elliptical Trigonometry is a new form of
trigonometry that permits to produce multiple forms
of signals by varying some parameters; it can be
used in numerous scientific domains and
particularly in mathematics and in engineering. For
the case treated in this paper, 32 elliptical
trigonometric functions are defined; only four
functions are simulated using software as Matlab
with a brief study. For each elliptical function, many
periodic signals are produced by varying some
parameters.

The elliptical trigonometric functions will be
widely used in electronic domain especially in
power electronics, in signal theory, in signal
processing and many other domains. Thus, several
studies will be improved and developed after
introducing the new functions of this trigonometry.
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Some mathematical expressions and electronic
circuits will be replaced by simplified expressions
and reduced circuits.

In order to illustrate the importance of this
trigonometry, some functions are defined briefly and
some examples are treated. Briefly, the Elliptical
trigonometry is a particular case of the General
trigonometry introduced also by the author [21]. The
General Trigonometry is the general case of all
possible trigonometries which can be exist, it has a
huge importance in all domains and especially in the
domains related to the trigonometry topic such as
electronics, signal processing, signal theory and
many others.

References:

[1] Claude Bayeh, M. Bernard, N. Moubayed,

Introduction to the elliptical trigonometry,

WSEAS Transactions on Mathematics, Vol.8,

2009, Issue 9, pp. 551-560.

N. Moubayed, Claude Bayeh, M. Bernard, A

survey on modeling and simulation of a signal

source with controlled waveforms for industrial
electronic applications, WSEAS Transactions on

Circuits and Systems, Vol.8, 2009, Issue 11, pp.

843-852.

M. Christopher, From Eudoxus to Einstein: A

History of Mathematical Astronomy, Cambridge

University Press, 2004.

[4] Eric W. Weisstein, Trigonometric Addition
Formulas, Wolfram MathWorld, 1999-2009.

[5] Paul A. Foerster, Algebra and Trigonometry:
Functions and Applications, Addison-Wesley
publishing company, 1998.

[6] Frank Ayres, Trigonométrie cours et problémes,
McGraw-Hill, 1991.

[7] Robert C.Fisher and Allen D.Ziebur, Integrated
Algebra and Trigonometry with Analytic
Geometry, Pearson Education Canada, 2006.

[8] E. Demiralp, Applications of High Dimensional
Model Representations to Computer Vision,
WSEAS Transactions on Mathematics, Vol.8,
2009, Issue 4,pp.184--192.

[9] A. I. Grebennikov, Fast algorithm for solution
of Dirichlet problem for Laplace equation,
WSEAS Transactions on Computers, Vol.2,
2003, issue 4, pp. 1039 — 1043.

[10] I. Mitran, F.D. Popescu, M.S. Nan, S. S.
Soba, Possibilities for Increasing the Use of
Machineries  Using  Computer  Assisted
Statistical Methods, WSEAS Transactions on
Mathematics, Vol.8, 2009, Issue 2, pp.85--95.

[2]

[3]

E-ISSN: 2224-2880

795

Claude Ziad Bayeh

[11] Q. Liu, Some Preconditioning Techniques for
Linear Systems, WSEAS Transactions on
Mathematics, Vol. 2008, Issue 9, pp.579-588.

[12] A. 1. Grebennikov, The study of the appro-
ximation quality of GR-method for solution of
the Dirichlet problem for Laplace equation.
WSEAS Transactions on Mathematics, Vol.2,
2003, issue 4, pp. 312-317.

[13] R. Bracewell, Heaviside's Unit Step Functlon

The Fourrier Transform and its Applications, 3
edition, New York: McGraw-Hill, pp. 61-65,
2000.

[14] Milton Abramowitz and Irene A. Stegun, eds,

Handbook of mathematical functions Wit|;1]
t

formulas, graphs and mathematical tables, 9
printing, New York: Dover, 1972.

[15] Vitit Kantabutra, On hardware for computing
exponential and trigonometric functions, IEEE
Transactions on Computers, Vol. 45, 1996,
issue 3, pp. 328-339.

[16] H. P. Thielman, A generalization of
trigonometry, National mathematics magazine,
Vol. 11, 1937, No. 8, pp. 349-351.

[17] N. J. Wildberger, Divine proportions: Rational
Trigonometry to Universal Geometry, Wild Egg,
Sydney, 2005.

[18] Cyril W. Lander, Power electronics, third
edition, McGraw-Hill Education, 1993.

[19] Claude Bayeh, Introduction to the Rectangular
Trigonometry in Euclidian 2D-Space, WSEAS
Transactions on Mathematics, Vol.10, 2011,
Issue 3, pp. 105-114.

[20] Claude Ziad Bayeh, Introduction to the
Angular Functions in Euclidian 2D-space,
WSEAS Transactions on Mathematics, Vol.11,
2012, Issue 2, pp.146-157

[21] Claude Ziad Bayeh, Introduction to the General
Trigonometry in Euclidian 2D-Space, WSEAS
Transactions on Mathematics, Vol.11,2012,
Issue 2, pp.158-172.

Issue 9, Volume 11, September 2012





