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INTRODUCTION

In basic growth function, combining its first, second 
and third derivatives led to a modified differential equa-
tion for growth, from which, as solutions to it, not only 
basic growth function but also simplified wave function 
was derived when extending solutions to complex num-
bers (Shimojo et al., 2006, 2007, 2009a, 2009b).  Both 
growth phenomena and wave phenomena or structures 
are observed in plants and animals: vines of climbing 
plants, motion of flagella of spermatozoa, helical struc-
tures of proteins and DNA and so on.  Correspondences 
between wave functions and growth functions seem to 
be an issue of interest from the viewpoint of being derived 
from the same differential equation. 

The present study was designed, apart temporarily 
from animal agriculture, to investigate amplitude–fre-
quency relationships in simplified wave function by mak-
ing a comparison with weight–relative growth rate rela-
tionships in basic growth function. 

AMPLITUDE–FREQUENCY RELATIONSHIPS 
IN SIMPLIFIED WAVE FUNCTION AND 

WEIGHT–RELATIVE GROWTH RATE 
RELATIONSHIPS IN BASIC 

GROWTH FUNCTION

Modified differential equation for basic growth 
function 

Basic growth function is given by 
 
WB = W0 · exp(r · t),				    (1)

where WB = weight, t = time, r = relative growth rate, W0 

= weight at t = 0. 
Combining the first, second and third derivatives of 

function (1) gives

                =                 = r,			   (2) 

therefore,
 
(d2W/dt2)2 = (dW/dt) · (d3W/dt3).		  (3) 

Simplified wave functions as solutions to modified 
differential equation (3)

If solutions are extended to complex numbers, func-
tion (4) is also a solution to differential equation (3), as 
suggested by Shimojo et al. (2006, 2007, 2009a, 2009b), 

 
W = W0 · exp((ir) · t),				    (4)

where i = imaginary unit. 
Since function (4) is a simplified wave function, this is 
rewritten as follows,

ψ = A · exp((iF) · t),				    (5)
 

where ψ = wave function, A = amplitude, F = term relat-
ed to frequency. 

Hypothetic correspondences between simplified 
wave function and basic growth function

Hypothetic correspondences are suggested between 
simplified wave function and basic growth function.  The 
term A in wave function (5) corresponds to W0  in growth 
function (1).  There is a relationship between r and W 
through r = (1/W)·(dW/dt) in basic growth function (1).  
If this concept is forcedly applied to wave function (5), 
then F is hypothetically interpreted as number of fre-

Amplitude–Frequency Relationships in Simplified Wave Function Compared with 
Weight–Relative Growth Rate Relationships in Basic Growth Function

 
Masataka SHIMOJO*

 
Laboratory of Regulation in Metabolism and Behavior, Division of Animal and Marine Bioresource Sciences, 

Department of Bioresource Sciences, Faculty of Agriculture, 
Kyushu University, Fukuoka 812–8581, Japan

(Received October 29, 2010 and accepted November 8, 2010)

This study was designed to investigate amplitude–frequency relationships in simplified wave function 
by making a comparison with weight–relative growth rate relationships in basic growth function.  In basic 
growth function, combining the first, second and third derivatives led to a modified differential equation, 
from which simplified wave function as well as basic growth function was derived.  The results obtained were 
as follows.  Amplitude (A) in wave function corresponded to weight (W0) in growth function.  Since relative 
growth rate (r) in growth function was the rate of growth per unit of W, the correspondence in wave func-
tion might hypothetically be the number of frequencies (f) divided by amplitude (f/A).  According to W–r 
relationships in growth function, corresponding relationships between A and f/A were suggested as follows.  
(i) High A and high f/A, (ii) high A and low f/A, (iii) low A and high f/A, (iv) low A and low f/A.  Did these 
hypothetic relationships (i) ~ (iv) suggest a problem of energy in wave–matter relationships? It was sug-
gested that hypothetic amplitude–frequency relationships were shown in simplified wave function by mak-
ing a comparison with weight–relative growth rate relationships in basic growth function.
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quencies (f) divided by amplitude (A), namely f/A.  
There are combinations of W0 and r in basic growth 

function (1); high W0 and high r, high W0 and low r, low 
W0 and high r, low W0 and low r.  Therefore, hypothetic 
relationships between A and f/A are suggested as follows.  
(i) High A and high f/A, (ii) high A and low f/A, (iii) low 
A and high f/A, (iv) low A and low f/A.  Boldly writing at 
the risk of making mistakes, do these hypothetic rela-
tionships (i) ~ (iv) suggest a problem of energy in wave–
matter relationships? 

Conclusions
It is suggested from the present study that ampli-

tude–frequency relationships are hypothetically shown 
in simplified wave function by making a comparison with 
weight–relative growth rate relationships in basic growth 
function.

REFERENCES

Shimojo, M.   2006   Introducing viewpoints of mechanics into basic 
growth analysis – (II) Relative growth rate compared with 
energy in wave function –.  J. Fac. Agr., Kyushu Univ., 51: 
289–291

Shimojo, M.   2007   Introducing viewpoints of mechanics into basic 
growth analysis – (V) Problems derived from introducing 
growth jerk –.  J. Fac. Agr., Kyushu Univ., 52: 77–79

Shimojo, M.   2009a   Introducing viewpoints of mechanics into 
basic growth analysis – (X) Wave functions in comparison 
and relationship with growth functions –.  J. Fac. Agr., 
Kyushu Univ., 54: 141–145

Shimojo, M.   2009b   Introducing viewpoints of mechanics into 
basic growth analysis – (XII) Applying sign reversal of phase, 
space inversion and time reversal to wave functions with 
negative amplitude –.  J. Fac. Agr., Kyushu Univ., 54: 357–
359


