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This study was conducted to give a trigonometric representation, using complex numbers
and plane, of the increase in dry matrer indigestibility [IDMI] with growth of forages. The
following results werc obtained. Divisional calculations between two coordinates of dry matter
indigestibility [DMT] expressed using complex numbers were relaled to the subtraction theorem
of tangent. This relation might give some information on DMI changes, namely TDMI, the
geometric mean of DMI [GMDMI] and relative IDMI (=IDMI/GMDMI). Changes in dry weight
and indigestible dry weight with forage growth were visualized by the geometric representation.
Therefore, there were four information on IDMI given by the trigonometric representation of
1)M] on the complex plane. [t was suggested that the complex representation of DMI of forages
derived, from the subtraction theorem of tangent, some information on [DMI with forage
growth.

INTRODUCTION

The data on the nutritive value of forages are normally described using real numbers.
There are probably no or few cases where imaginary numbers have been used in this field.
It seems to be strange, therefore, that the present study will deal with the complex
representation of indigestibility increases with growih of forages. The present motive of
the use of complex numbers comes from an attempt at the geometric representation of
forage indigestibility using trigonometric functions. It is suggested that trigonometric
functions, when combined with complex numbers, give some useful information, for
example, the description of electric power on the electric circuit.

In our previous two brief reports, some aspects on the digestibility decrease with
forage growth were shown by its trigonometric representation on the complex plane
(Shimajo et al., 1998¢) and on the orthogonal coordinates (Shimojo et ai., 1998e). The
analysis of indigestibility increases seems to be more attractive than that of digestibility
decreases (Masuda, 1985), because the former describes the forage maturation process
using the increase in anti—digestion components (Shimojo et al., 1995, 1997a, b, 1998a, b,
d, ).

The present study was designed to suggest a trigonometric representation, using
complex numbers and plane, of the increase in dry matter indigestibility with growth of
forages.
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DRY MATTER INDIGESTIBILITY INCREASES EXPRESSED USING
COMPLEX NUMBERS

The inerease in dry matter indigestibility with growth of forages [IDMI] expressed
using rcal numbers is as follows {Masuda, 1985, Shimojo el af., 1995):

oM =2 1o

w, W, @

where W=lorage dry weight (W, <{W.), I=dry weight of indigestible materials in forage
(I, <I), L/W.=dry matter indigestibility [DM]T] at time t..
Then, the following two coordinates are taken up and plotted on the complex plane

(Fig. 1),

Zo=W,+jl,, Z,=W,+il,, @)

where j=the imaginary unit, I,/W,=tan&, [DMI] at t.], L/W.=tan#. [DM] at L], another angle
(#.~0} is also shown, 0<C #,< #,<n/4, 0<tand# <tan#,<l.
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Fig. 1. Plotting of forage dry weight [W] and dry weight of indigestible
matcrials [[] on the complex plane (# shows the angle),
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Thus, equation (1) is rewritten as follows:

IDMI = tan@, - tan8, . (3)

The two coordinates (equation (2)) rewritten using trigonometric functions are as
follows:

T e . 0 w
Zo=y W, I (cosB, +jsing,), Z,=vW, +I, (cosh, +jsing,). (4)

2

How equation (3) will be related to equation (4) is the present subject. For this
purpose we take up the following equation that is known as the subtraction theorem of

tangent,
_ tané,-tan8,

tan {0, - 0,) =
n{6;-8,) 1 +tan@, - tand,

N tand, — tand,
1+{:/tang, - tand, )* G)

Fquation (5} shows that the numerator of the right-hand side gives IDMIL It is also
shown that the denominator includes the geometric mean of two DMIs at ¢, and ¢
[GMDMI], namely (tand.:-tanéd,)*>. GMDMI is also described using tand,, tan#,, and
tan(#, — #,) as follows:

S T——— tand, —tané, — @, -8
GMDMI = +/tane, - tane, =\// tand; — tand, —tan (6, - 9,)

tan (0. 9,)

(6)

GMDMI seems to show, a5 il were, the indigestion level associated with the two DMIs.
Then, the IDMI related to its indigestion level [relative 1IDMI] might be estimated as
follows: ‘

tand, - tand,

Relative 1DMI = (7

\ tan92 k tanG_I_ '

Thus, some information on DMI changes might be derived from the right-hand side of the
subtraction theorem of tangent (equation (5)), namely IDMI, GMDMI and relative [DMI.

This leads us to the investigation into how equation (4) will be related to equation
(5). The two coordinates, Z, and Z,, will be related with the subtraction theorem of
tangent according to the following calculation:
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Z, VWo+1.) {cos8, +jsing,)

Z, \V/W 241, -(cos, +jsing,)

W, +1, .
VWe s fcos(6,-,)+ssin(6,-6,)

\v,‘fW1“+JrJ

AR o
fW, +1, -cos8,) | WisI? . cos8 .
(\‘—J_/dcw 2ﬁ~3 [\’—dj_ld,‘ ——1) -{(1+tan#, - tand,) +j(tand, - tand,}}
VW W+

2 W
L L {{1 +tang, - tan@,) + j (tan, — tand) } ,

W’.‘2+11"
therefore,
wisl® 2z, )
P TIL 22 (] 4 tan@, - tand tan@, — . 8
T s (1 +tan®, ,) +7(tan@, - tané,}

In the right-hand side of equation (8), the real part [Re(Z/Z.}], 1 + tané#»tand,, gives the
denominator of the right-hand side of equation (5), and the imaginary part [Im (Z./Z))],
tan#, — tan #,, gives the numerator of the right-hand side of equation (5).

77, is also related with the left—hand side of equation (5) as follows:

/ 2 2
Ly ¥ W, +[,?_ {cos(0,-6,) +jsin{0,-8,)}

Z, V’?J+IB

\/-mfgz-l'];-\/l‘vle‘l'jlz'Cos(gg—?ﬂ_{]“‘jtqn(e_9)>
Tw 2.1t JWear? anto, -,
VW I WP

. 7 .
i3 W_g. _LI_" +—@ . {l 'I-jtan(gg‘ 91]} )

therefore,

W12+[12 Z-: .
ST v, S “:1 t 6.,—9 - 9
W, W, +I,-1, Z, +jtan(6, - 8) L

In the right-hand side of equation (9), Re(Z+/Z.), 1, gives the denominator of the
Jeft-hand side of equation (5), and Im(Z/Z)), tan(#.—#.), gives the numerator of the
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left—hand side of equation (5).

Therefore, equations (8) and (9) suggest a sort of relationship between Z,/7, and the
subtraction theorem of tangent {equation (5)), when some modifications are made on the
calculation of Z/Z,. This relationship might give some information on dry matter
indigestibility changes with growth of forages, namely IDMI, GMDMI and relative TDMI.
This seems Lo be due probably to the characteristics of complex representation combining
things which are different and do not seem to be related. Another benefit obtained from
the geometric representation of DMI seems to be the visualization of changes in dry
weight and those in indigestible dry weight with growth of forages (Fig. 1). Thus, there
are four information on IDMI derived from the trigonometric representation of DMI on the
complex plane. The present results are comparable to those for the digestibility decrease
with forage growth (Shimojo et al., 1998c).

There will be a strong objection to the complication, using complex representation, of
simple subjects such as changes in dry matter digestibility and indigestibility with growth
of forages. 1t seems to be, however, of interest to make analytic approaches to this sort of
subjects using various methods we can try. This will lead to an understanding of
interrefationships between some aspects of forage utilization.

Conclusions

It is suggested from this study that the complex representation of DMI of forages
derives, frem the subtraction theorem of tangent, some information on [DMI occurring
with forage growth,
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