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This study suggests that philosophical properties of Euler's formula make some 
contribution to symbolic descriptions of some micro- and macro-structures in ruminant 
agriculture . 

INTRODUCTION 
Using Euler's formula some aspects of ruminant agriculture were described symboli-

cally; field-forage-ruminant-relationships suggesting the cycling of matter in a narrow 

sense (Shlinojo et al., 2003a, b), exponential functions with base e used for the growih 

analysis of ruminants and forages (Shimojo et al., 2003c), and spiral structures showing 

topological similarities to micro-structures in ruminants and forages (Shimojo et al., 

2003d) . Euler's formula is used for descriptions of various natural phenomena (Yoshida, 

2000) . What property of Euler's formula is involved in the symbolic description of these 

three different things? 

The present study was designed to investigate philosophical properties of Euler's 

formula in the application to symbolic descriptions of some aspects of ruminant agri-

culture. 

PHILOSOPHICAL PROPERTIES OF EULER'S FORMULA 

A complex representation of '1' and its properties 

A complex representation of '1' is given by 
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1 = i ' (-i) 

= (cosr +isinr) ' (sinr +icosr) ' (cosr-isinr) ' (sinr lcosr), (1) 

where i=imaginary unit, 0< r< 7c/2, (cosr+1smr) (sm7+rcosr) I (cosr-isinr)'(sinr 

-icosr)=-i. 
The equallty (1) shows a kind of order of transformation of '1': real number - imaginary 

number - complex number. This suggests that the complex number exists at deeper 
level than the real number. It is also shown in (1) that cosr+isinr=exp(ir) is Euler's 

formula and cosr- isinr=exp(-ir) is its conjugate complex, suggesting an importance of 

complex representation of '1'. 

There is another way of complex representation of 'l'. Thus, 

l = {- (cos r + isinr ) } ' {-(sinr + icos r )} ' {- (cos r- isinr )} ' {-(sinr- icos7 ) } 

= (- cosr + isinr) ' (- sinr + icosr) ' (- cosr- isinr ) ' (- sinr- icosr) , (2) 

where (- cos7 + isinr) ' (-sinr +icosr)=- i, (-cosr- isin7) ' (-sinr- icosr)=i. 

Replacing plus sign of the real part in (1) with minus sign gives (2) . Thus, the equality 

(2) is a reflection of (1) in the imaginary axis. Replacing plus (minus) sign of the imagi-

nary part in (1) with minus (plus) sign gives (1) itself, a symmetric property. 

Four components in (1) cannot be separated because they are united by multiplica-

tion, and the sarne rule applies to four components in (2) . This was not mentioned in our 

previous reports (Shimojo et al., 2003a, d), which gave a misunderstanding to the 

construction of the following two sequences. 

Xi Xi Xi (cos r + isinr ) (- sinr + icos r) (- cos r- isinr ) (sinr- icos r ) , (3) 

X (-i) X (-i) X (-i) 
(sinr + icos r ) (cos r- isinr ) (- sinr- icos r ) (- cos r + isinr ) . (4) 

In (3) and (4) eight components are separated in order to construct new sequences. 

Broadly speaking, taking up two ways of complex representation of '1' [(1) and (2)] is 

considered just a means to get the two sequences (3) and (4). In other words, (3) and 

(4) can be obtained even if there is not the description of (1) and (2). It seems, however, 

that (3) and (4) have relationships to (1) and (2), which will be discussed in the section 

after next. 

The sequence (3) shows a series of 7r/2 rotations [ X i] of Euler's forrnula: anti-clock-

wlse rotations in the planar representation, and right-handed spirals with phase shifts in 

the stereographic representation. The sequence (4) shows a series of -7c/2 rotations [ X 

(-i)] of the conjugate complex to Euler's formula: clockwise rotations in the planar 

representation, and left-handed spirals with phase shifts in the stereographic represen-

tation. Therefore, these two show inverse properties each other. 

Combining (1) and (2), combining (3) and (4), and distribution of the eight 

components on the complex plane 
The combination of (1) and (2) is given by the product of them. Thus, 

1= (cosr +isinr) ' (-sinr +icos7) ' (-cosr- isinr) ' (sinr- icosr) 

' (sinr +icosr) ' (cosr- isinr) ' (-sinr- icos7) ' (-cosr +isinr). (5) 
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The combination of (3) and (4) is given by the addition of them. Thus, 

(cosr + isinr) + (-sinr + icosr ) + (-cosr- isinr) + (sinr- icosr) 

+ (sinr + icosr) + (cos7- isinr) + (-sinr- icosr) + (-cos7 + isinr) =0. (6) 

The eight components are designated as follows: 

cosr+isinr=A, sinr+icosr=B, -sinr+icosr=C, -cosr+isinr=D, 
-cosr-isinr=E, -sinr-icosr=F, sinr-icosr=G, cosr-isinr=H. 

The plotting of them on the complex plane shows the following distribution (Fig. 1): A 

and B are located in the Ist quadrant, C and D in the 2nd quadrant, E and F in the 3rd 

quadrant, and G and H in the 4th quadrant. In addition, important relationships between 

the eight components are as follows: A+E=0, B+F=0, C+G=0, D+H=0. 

Imaginary 

axis 

Fig. 1. 

real 

axis 

An illustration of eight components on the complex plane (A=cosy + 

isinr, B=sinr+icosr , C=-sinr +icosr , D=-cosr +isinr , E=-cosr 

-isinr . F=-sinr-icosr , G=sin7 -icosr , H=cosy-isinr). The product 
of them gives '1' and the addition of them gives 'O'. 
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A hypothetic relationship between (5) and (6) 
The equality (5) shows that the product of eight components gives '1'. The equality 

(6) shows that the addition of them gives 'O'. How will these two be related? 

A hypothetic relationship between (5) and (6) might be as follows. A real number '1' 

has been borrowed from the seeming nothing. Therefore, this should be followed by a 

return of '1' to the creditor. The return of borrowed '1' might be carried out by a break-

down of the form of multiplication that unites the eight components to form '1' in (5) , 

which results in, at that moment, a separation of them in (6). This might occur as if to 

cause four sets of pair appearance first, and then those of pair disappearance, where each 

pair is composed of a complex number and its opposite (A and E, B and F, C and G, D and 

H) . In addition, the stereographic representation of the eight components might also give 

a kind of spatial image of pair appearances and pair disappearances, if r takes values in 

order to show right-handed spirals [A, C] and their opposites [E, G], and left-handed spi-

rals [B, D] and their opposites [F, H]. Is there anyihing that keeps the eight components 

of '1' away from pair disappearances in order to be used for descriptions of some aspects 

of ruminant agriculture (Shirnojo et al., 2003a, b, c, d)? 

Since r takes values between O and 7T/2 as shown in the flfSt section, (5) and (6) will 

be expanded. Thus, 

1"=k"nl {(cosr* +isinr* ) ' (-sinrk +icosr* ) ' (-cosr* -isinr* ) ' (sinr* -icosr*) 

= '(sinr* +icosrk)'(cosr*-isinrk)'(Lsinr*-icosrk)'(-cosr* +isinr*)}, (7) 

~ ((cosrk +isinr* ) + (-sinr* + icosrk ) + (-cosr* - isinrk ) + (sinr* - icosr*) 

k=1 + (sinr* +icosr* ) + (cosr*-isinr* ) + (-sinr*-icosr* ) + (-cosr* +isinr* )}=0, (8) 

where 0< 71< ･ ･ ･ < rk < ･ ･ ･ < r~ < 7c/2. 

Many components (=8n) come from '1"' according to (7) , namely 7b sets of the eight com-

ponents. However, since 1"=1, the number of components appearing from '1' might be 

87z, and in addition, infi~inite if 7b-oo. Momentanly after a breakdown of the form of multi-

plication in (7), many pairs of complex number and its opposite, appear and disappear, 

resulting in the return of '1" (=1)' to the creditor, the seeming nothing, as shown in (8). 

However, these remain to be examined. 

In the next chapter symbolic descriptions of some aspects of ruminant agriculture 

(Shimojo et al., 2003a, b, c, d) will be sununarized, which is followed by suggesting what 

philosophical property of Euler's forTnula is involved in them. 

APPLICATION OF EULER'S FORMULA TO SYMBOLIC DESCRIPTIONS OF 
SOME ASPECTS OF RUMINANT AGRICULTURE 

Topological similarities to micro-structures in ruminants and forages 

The stereographic representation of Euler's formula [exp(i~ )=cos~+isin~] using 

coordinates ( ~, cos~, isin~) in 0<~ gives spirals (Yoshida, 2000). It seems that these 

spirals show topological similarities to helical structures in ruminants and forages 

(Shimojo et al., 2003d): a helix of right-handed or left-handed property, double helix of 

right-handed or left-handed property, triple helix of right-handed property. The 

right-handed and left-handed properties are related to Euler's formula and its conjugate 
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complex, respectively. The double and triple helices are related to combining Euler's for-

mula or its conjugate complex with their phase shifts. The complementary property in 

the form of double helix is related to keeping the fonn of Euler's formula or its conjugate 

complex invariant wlth respect to their phase shifts. 

Obtaining exponential functions with base e used for the growth analysis of 
ruminants and forages 
The rotation of axes of time, imaginary time (it) and real time (t), in Euler's formula 

[exp(it)=cos(t) +isin(t)] gives exp(-t) when there is anti-cloc~vise 7T/2 rotation [i ' (it) 

and i ' t], and gives exp(t) when there is cloclovise lc/2 rotation [(-i) ' (it) and (-i) ' t]. The 

existence of Euler's foamula between exp(t) and exp(-t) suggests that two axes of time 

(it and t intersecting orthogonally each other) separate the moving forward in time 

[exp(1 't)] from the moving backward in time [exp{1 ' (-t)}]. However, in the actual 

growih analysis of ruminants and forages exp(-t) is regarded as exp(-1 't), a decay 

phenomenon. 
Shixnojo et al. (2002) showed, in a report of basic growih analysis of rulTrinants and 

forages, another type of borrowing '1' from the seeming nothing. In the defmite integral 

of Maclaurin's series of the exponential function wlth base e, there is an occurrence of 'O 

-1+(-1)'. This is, however, followed by the remaining of '1' and the disappearance of 

'-1', as shown in the following calculation using exp(t): 

P= ft:2 exp(t)dt 

- t.(1+ t + t2 +.....+t-7;1 + "" dt . ) - ft 1! 2! 

[ ･ ･ I :: - t +t2 +. .. ' '+t~7;1 + "' 
~ 1! 2! 

) :: =[( t tz 1 + t" +..... -] 
1+ + +"･･-1! 2! ?z! 

=[{exp(t2)-1}-{exp(tl)~1}] 

=ex p (tz) ~ex p (tl) ' (9) 
The occurrence of this phenomenon is required by keeping the form of exp(t) invariant 

with respect to its defmite integral. Another interpretation is, though this was not men-

tioned in our previous report (Shimojo et aL, 2002), that there is only a recovering of '1' 

after its disappearance, therefore, '-1' has nothing to do with it. Broadly speaking at the 

risk of making mistakes, if the former interpretation is adopted, then the following differ-

ence will occur. There might be, in a macro-phenomenon [(9)], a kind of asymmetry in 

the fate between '1' and '-1' after a pair appearance from the seeming nothing. This is dif-

ferent from micro-phenomena [(7) and (8)], where the borrowed '1' from the seeming 

nothing should be returned, a kind of symmetry. 

Application to symbolic description of field-forage-rulninant relationships 

This application is based on the following use of Euler's formula (Shimojo et al., 

2003a, b). Thus, 
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Z*=D+i I=r(cose +isin6 ), (10) 
where O < 6< 7T/2, rcos 6=D (digestible dry matter weight of the forage), rsin 6=1 (indi-

gestible dry matter weight of the forage) , D +1= W (forage dry matter weight) . 

Z1 is regarded as the field with standing forage composed of D and I, because both D 

and I are considered visible due to the plus sign they have. 

Then, Z1'i=r(cos6+rsme) I r( sm6+rcos6) (11) 
where -rsine=1r, rcose=D. Z* 'i is associated wlth the ruminant production from 
digestible nutrients of the forage, because D is visible but -1 is invisible due to the minus 

sign. 

Z* ' i2=r(cosO + isin6 ) ･ i'=r(-cos6 - isine ) , (12) 
where -rcos6=~, -rsin6=-1. Z* 'i2 is regarded as the field without standing forage after 

harvesting for ruminant consumption, because both -D and -1 are invisible. 

Zl ' i3=r(cosO +isin6 ) ･ i3=r(sin6 - icos6) , (13) 
where rsin6=1, -rcos6=-D. Z* ' i3 is associated with feces excreted from the ruinin. ' ant, 

because I is visible but -D is invisible. 

A feature of this application is given by the following three phenomena: 

0=r(cos6+isin6)+r(-cose-isine) or 0=(D+il)+(-D-il), (14) 
0=r(-sin6 +icos6)+r(sin6-icose) or 0=(-1+iD)+(1-iD), (15) 
0=r(cos6 + isin6 ) + r(-cose- isine ) + r(-sinO + icos6) + r(sin6 - icos6) 

or 0=(D+il)+(-D-il)+(TI+iD)+(1-iD). (16) 
These suggest that producing the forage and harvesting the forage form a pair through 

the field [(14)], anirnal production and feces excretion form a pair through the ruminant 

[(15)]. The four things form a cycle [(16)], and in addition, are of equal significance to 

ruminant agriculture based on the cycling of matter in a narrow sense. 

Suggested philosophical properties of Euler's formula in the symbolic des:crip-

tion of some aspects of ruminant agriculture 
Philosophical properties of Euler's formula suggested in the description of some 

aspects of ruminant agriculture might be the following two: (i) its symmetric properties 

wlth respect to phase shifts in the deriving not only of spirals that show topological sirni-

larities to ITricro-structures in ruminants and forages (Shimojo et al., 2003d) but also of 

the cycling of matter in a narrow sense that shows field-forage-ruminant relationships 

(Shimojo et al., 2003a, b), and (il) a kind of synunetry breakdown with respect to rota-

tions of exponent in the deriving of exponential functions with base e used for the growih 

analysis of ruminants and forages (Shimojo et al., 2003c). These might give, therefore, 

rough images of some micro- and macro-structures in rurninant agriculture . 
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