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Physical bases for a triad of biological similarity theories 
F u n d a m e n t o s físicos para u n a t r í ada d e t e o r i a s de simil i tud biológica 

B R U N O G U N T H E R 1 and E N R I Q U E M O R G A D O 2 

The dimensional analysis of physics, based on the MLT-system (M = mass, L = length, 
T = time), can be applied to the living world, from mycoplasmas ( 1 0 - 1 3 g) to the blue 
whales (10 s g). Body mass (M), or body weight (W), are utilized as convenient reference 
systems, since they represent the integrated masses of all elementary particles —at the atomic 
level- which conform an organism. A triad of biological similarities (mechanical, biological, 
transport) have been previously described. Each similarity was based on two postulates, of 
which the first was common to all three, i.e., the constancy of body density; whereas the 
second postulates were specific for each of the three theories. In this study a physical 
foundation for these second postulates, based on three universal constants of nature, is 
presented, these are: 1) the acceleration of gravity (g = LT~2); 2) the velocity of light 
(c = LT" 1); and 3) the mass-specific quantum (h/m = L 2 T - 1 ) - The realm of each of these 
biological similarities is the following: 1) the gravitational or mechanical similarity (where 
g = constant), deals mainly with the relationship between a whole organism and its environ
ment, particularly with locomotion. The acceleration of gravity (g) is also one of the deter
mining factors of the "potential" energy (E = m • g • H), where m is the mass, and H is the 
height above the reference level; 2) the electrodynamic similarity (formerly biological simi
larity), (c = constant), is able to quantitatively define the internal organization of an orga
nism from both a morphological and a physiological point of view. This similarity is related 
to the "kinetic" energy (1/2 mv 2 ) , and is equivalent to the mass-specific energy (E/m), as 
well as to the mass-specific work or heat capacity, and to the mass-specific enthalpy of each 
organism; and 3) the quantum or transport similarity (h/m = constant), should be applied 
when the physico-chemical properties of living matter are studied at the atomic level, in 
particular the diffusion processes due to brownian motion. The invariance of the mass-
specific quantum (h/m) is thoroughly analysed with regards to the metabolic activity of 
mitochondria (oxidative phophorylation). It is interesting to note, that in the gravitational 
similarity the "biological space" is Euclidean or three-dimensional (V a L 3 ) , whereas in the 
electrodynamic and quantum similarities, space is four-dimensional (V a L 4 ) . The corres
ponding "space-time" relationship for the three similarities are the following: 1) in the 
gravitational similarity T a L 1 / 2 ; 2) in the electrodynamic similarity T a L; and 3) in the 
quantum similarity T a L2 . The triad of biological similarities can be falsified by comparing 
the spectrum of theoretical predictions with the experimental findings (log-log plots), which 
can be expressed in accordance with Huxley's allometric power ecuation ( Y = aW*5), where 
Y = any biological function; W = body weight; a = empirical parameter; and b = allometric 
exponent which can be compared with the theoretically calculated reduced exponents. 

In previous papers ( G ü n t h e r , 1975a, b ; 
G i in the r and Morgado , 1982 ; 1984) th ree 
i n d e p e n d e n t similari ty cr i ter ia were pos
tu la ted which can b e applied t o all living 
beings; these are: 

1. a mechanical similarity, wh ich re la tes 
w h o l e organisms and the i r env i ronmen t , 
par t icular ly wi th regards t o l o c o m o t i o n ; 

2. a biological similarity, wh ich deals 
w i th t h e quan t i t a t ive s tudy of t h e in te rna l 
m o r p h o m e t r y and p h y s i o m e t r y of orga
nisms, i r respect ive of the i r sizes, and 

3 . a transport similarity, wh ich analyses 
diffusion processes at t h e cellular level, as 
well as t h e t r a n s p o r t o f m a t t e r and of hea t ; 
in t h e la t te r case, f rom the m i t o c h o n d r i a e 
t o the surface o f t h e b o d y . 

In t h e p resen t s t u d y we a t t e m p t t o 
in te rp re t t h e above t r iad of biological 
similarit ies by m e a n s of th ree universal 
cons tan t , i. e., t h e accelera t ion o f gravity 
(g) ; t h e veloci ty of light ( c ) ; and the quan
t u m of ac t ion (h) . These three physical ly 
based biological similari t ies are equivalent to 
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t h e fo rmer 1) mechan ica l , 2) biological , and 
3) t r anspo r t similarit ies, whose val idi ty 
could b e conf i rmed b y compar ing the 
theore t i ca l p red ic t ions w i th t h e empir ica l 
findings, w h e n expressed in accordance 
wi th H u x l e y ' s a l lomet r ic equa t ion . 

Each of t h e above similarity cri teria is 
based o n t w o pos tu la tes , t h e first of w h i c h 
is c o m m o n t o all th ree , i.e., t h a t the chemi
cal c o m p o s i t i o n of all organisms is a lmost 
ident ical . Morowi tz ( 1 9 6 8 ) has shown t h a t 
t h e p r imary a t o m i c c o m p o n e n t s of living 
sys tems ( 1 - 6 0 % of b o d y weight) are: C, H , 
N, O, P ; whereas t h e secondary c o m p o n e n t s 
(0 .05-1%) are: Na, Mg, S, Cl, K, Ca. 

The first postulate 

If one assumes t h a t t h e chemical archi tec
tu re of all living beings is a lmos t the 
same, b o t h in p r o t o t y p e (p ) and m o d e l ( m ) , 
t h e n t h e dens i ty (p = ML"" 3 ) i s p p / p r n = 1-0-
Th i s asser t ion is co r robo ra t ed b y t h e fact 
t ha t all organisms —irrespective of the i r 
size — are o n t h e verge of f lo ta t ion w h e n 
p laced in an aqueous m e d i u m ( E c o n o m o s , 
1982) . T h e t e rm prototype (p) m e a n s a 
large o r a small organism to which a model 
(m) organism is geomet r ica l ly and physical ly 
or chemical re la ted. 

By apply ing t h e canonica l d imens iona l 
analysis (MLT-sys tem, where M is t h e mass , 
L is t h e length , and T is t h e t ime d imens ion) 
and t h e cor responding ad imens iona l ra t ios 
for mass ( M p / M m = u), length ( L p / L m = 
X) and t ime ( T p / T m = T ) , t h e above men
t ioned dens i ty ra t io yields fiX'3 = 1.0, o r 

M = X 3 (1) 

Nevertheless , it is w o r t h m e n t i o n i n g t ha t 
Eq . 1 is valid on ly for the gravi ta t ional 
similarity, since in t h e e l e c t r o d y n a m i c and 
q u a n t u m similarit ies Eq . 1 will be ju = X 4 

( four-d imens ional space, as will be dis
cussed la te r ) . 

The second postulates 

T h e second pos tu l a t e s differ in each case, 
d e p e n d i n g u p o n the similari ty cr i ter ion 
involved. 

1. Gravitational similarity 

In th is case it is assumed t ha t p r o t o t y p e (p) 
and m o d e l (m) are subjected to t h e same 
gravi ta t ional force, which is r ep resen ted by 
t h e p e r m a n e n t a t t r ac t ion of t w o masses 
(organism and ea r th ) . C o n s e q u e n t l y , t he 
acce lera t ion of gravity (g = L T " 2 ) is t h e 
same for p r o t o t y p e (p ) and for m o d e l ( m ) , 
wi th t h e result t h a t gp /gm = 1-0. If th is 
re la t ionship is expressed in accordance wi th 
t h e co r respond ing ad imens iona l ra t ios , t hen 
we have X T " 2 = 1.0, and 

r = X 1 / 2 (2) 

I t is in teres t ing to n o t e t h a t a m i n o r 
difference exis ts (5° /oo) b e t w e e n t h e acce
lera t ion of gravity (g) at t h e e q u a t o r ( g e = 
9 7 8 . 0 6 cm s e c " 2 ) and tha t at t he polar 
regions ( g p = 9 8 3 . 2 3 cm s e c " 2 ) . 

O n t h e o t h e r hand , b o d y mass (M) is 
p r o p o r t i o n a l t o b o d y weight (W) d u e to t h e 
cons t ancy of t h e acce lera t ion of gravity 
(W = M • g). F u r t h e r m o r e , b o d y mass (M) 
is equivalent t o the sum of t h e weights of 
all t h e a t o m s w h i c h confo rm an organism, 
and these a t o m i c weights are main ly 
d e t e r m i n e d b y t h e sum of t h e masses of 
p r o t o n s (p ) and n e u t r o n s (n ) inside each 
nuc leus . T h e mass o f an orb i ta l e lec t ron (e) 
is 1836 t imes smaller t h a n t ha t of p r o t o n s 
and neu t rons . If one wishes t o add the 
co r respond ing e l ec t ron masses, t h e n the 
sum of one p r o t o n (p ) and o n e e lec t ron 
(e) is equiva lent t o t h e mass of one a t o m of 
h y d r o g e n (H) . 

In o r d e r t o i l lus t ra te t h e p a r a m o u n t 
i m p o r t a n c e o f nuc l eons ( p r o t o n s and 
neu t rons ) in de t e rmin ing b o d y mass (M) , 
and t h e m i n u t e n e s s of t h e v o l u m e occup ied 
by t h e m , in compar i son w i th t h e a t o m i c 
vo lumes , it suffices t o m e n t i o n (F lo r ey , 
1966) t h a t the nuclear-mass dens i ty is 1.5 x 
1 0 1 7 g / c m 3 and consequen t ly a 70 kg m a n 
should o c c u p y a vo lume of 4 .66 x 1 0 " 1 3 

c m 3 , and wou ld be less t h a n 1 nm long, 
i.e., a m a n would be bare ly visible w i th the 
light mic roscope . 

2. Electrodynamic similarity 

T h e second pos tu l a t e of th is biological 
s imilari ty is based o n t h e c o n s t a n c y of the 
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veloci ty of light (c ) , as was pos tu l a t ed by 
G ü n t h e r & Gue r r a ( 1 9 5 5 ) . 

In o r d e r t o o b t a i n t h e d imens iona l 
un i fo rmi ty of all e l e c t r o d y n a m i c e q u a t i o n s 
( H u n d , 1961) a cons t an t fac tor is a lways 
ut i l ized (1 /V e 0 • Mo = c)> where e Q = elec
tr ic permi t iv i ty of v a c u u m , n0 = m a g n e t i c 
pe rmeabi l i ty of t h e v a c u u m (An x 1 0 ~ 7 ) , 
and c t h e veloci ty of light. Moreover , it is 
assumed t ha t t h e speed of light (c) is in
var iant in an i so t rop ic m e d i u m , and conse
q u e n t l y the value o f c should be the same 
in b o t h p r o t o t y p e (cp) and m o d e l ( c m ) , 
which m e a n s t h a t C p / c m = 1.0 T h e ad imen-
sional ra t io for a veloci ty (v = L T " 1 ) is 
X T " 1 , f rom which we o b t a i n 

r = X (3) 

Oxida t ive p h o s p h o r y l a t i o n is associa ted, 
in ag reemen t wi th Mitchel l ' s ( 1 9 7 7 ) chemio-
s ta t ic t h e o r y , w i th a t w o e lec t ron transfer 
and a p r o t o n p u m p at t h e inner m i t o c h o n 
drial m e m b r a n e . T o i l lus t ra te t h e p a r a m o u n t 
i m p o r t a n c e of e l e c t r o d y n a m i c p h e n o m e n a 
at the cellular level, it can be shown tha t 
t h e po t en t i a l difference b e t w e e n N A D H 
and molecu la r o x y g e n is abou t 1.2 vol ts 
and t h a t each a t o m of 0 2 is capable of 
accep t ing 2 e lec t rons . F u r t h e r m o r e , Hink le 
& McCar ty ( 1 9 7 8 ) have calcula ted t ha t in 
a m a n at rest ( V 0 2 = 3 5 0 ml 0 2 /m in ) t h e 
t o t a l cu r r en t in all m i t o c h o n d r i a is a b o u t 
100 amperes , so tha t a p o w e r of 120 wa t t s 
is genera ted . O n t h e o t h e r hand , in eli te 
e n d u r a n c e a th le tes (Nade l , 1985) a 20-fold 
increase of oxygen c o n s u m p t i o n over t h e 
res t ing u p t a k e has been observed , w h i c h 
yields a p o w e r equiva len t t o a b o u t 2 kilo
wa t t s . 

In add i t ion , t h e m i t o c h o n d r i o n is the 
major site of hea t p r o d u c t i o n (Himms-
Hagen, 1976) dur ing cellular ox ida t ion . 
Only a b o u t 25% of t h e free energy released 
is conserved as A T P , while t h e remain ing 
75% appears as hea t . T h e mass-specific hea t 
capac i ty o f animals , cons idered as t h e r m o 
d y n a m i c sys tems (Heusner , 1983) , is 
equiva len t to I M ° L 2 T~ 2 0 _ 1 I , in wh ich 
t e m p e r a t u r e (9) is an intr insic p r o p e r t y , 
whose ra t io for p r o t o t y p e (p ) and m o d e l 
( m ) is ( 0 p / 0 m ) and equal to 1.0. Conse
q u e n t l y , t h e co r re spond ing r e d u c t i o n co
efficient x = X 2 r'2 = 1, h e n c e r = X . 

In conc lus ion , L a m b e r t and Teissier 
( 1 9 2 7 ) a priori pos tu l a t e for a biological 
similarity ( T = X ) is equiva len t t o t h e 
e l e c t r o d y n a m i c similari ty based on the 
cons tancy of t h e veloci ty of light ( c ) , and 
also t o t h e mass-specific hea t capaci ty 
descr ibed by Heusne r ( 1 9 8 3 ) . 

3. Quantum similarity 

Accord ing to Elsasser ( 1 9 6 6 ) " t h e r e is n o 
evidence at all t ha t t h e basic laws of 
a t o m i c and molecu la r physics ( q u a n t u m 
mechanics ) show any difference in the living 
organisms as compared to inorganic ma t t e r " , 
and in consequence , " q u a n t u m t h e o r y , and 
h e n c e Chemis t ry , is t he same in vivo as 
in vitro". 

This similari ty cr i te r ion is based o n the 
cons tancy of P lanck ' s q u a n t u m of ac t ion 
(h ) , whose numer ica l value is h = 6 .626 x 
10~ 2 7 erg sec. This f undamen ta l c o n s t a n t 
of n a t u r e (h) can n o w b e corre la ted w i th 
t h e mass of some of t h e e l emen ta ry and 
s table par t ic les (Laidler , 1 9 7 8 ; M o o r e , 
1962) , such as e lec t rons and p r o t o n s : 

a) if we cons ider the ra t io ( h / m ) for the 
negatively charged e lec t ron (e"), whose 
mass (Weast , 1983) is 0 .910 x 1 0 " 2 7 g, we 
ob ta in a numer i ca l value of 7 .281 (e rgsec ) /g 
for t h e above m e n t i o n e d r a t io ; 

b) for the p r o t o n t h e ( h / m ) ra t io is 
0 . 0 0 3 9 6 (erg sec)/g. 

I t is w o r t h men t ion ing , tha t these t w o 
s u b a t o m i c par t ic les ( p r o t o n s and e lec t rons) 
are di rect ly involved in the ox ida t i on of 
subs t ra tes in each m i t o c h o n d r i o n . Dur ing 
subs t ra te ox ida t ion , and in ag reement 
wi th t h e vector ia l me tabo l i c concep t of 
c h e m i o s m o t i c r eac t ions (Mitchel l , 1977 , 
Chance , 1977) a long sequence of r edox 
reac t ions t ake place, in wh ich a pair of 
e lec t rons (2e~) crosses t h e i nne r mi to 
chondr ia l m e m b r a n e on th ree occas ions 
and o n each of which t w o p r o t o n s ( 2 H + ) 
are ex t ruded , creat ing a p r o t o n gradient 
and an electr ical po ten t i a l . 

T h e ( h / m ) ra t io can also be d e d u c e d 
from t h e fol lowing t w o equa t i ons : 

a) F r o m C o m p t o n ' s equa t ion . T h e 
wavelength ( X ) o f a par t ic le is X = h / m - c ; 
consequen t ly from it we can o b t a i n the 
co r respond ing d imens iona l equivalence: 
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= X - c = L ^ ( L T - 1 ) = L 2 T - M (4 ) 

b ) T h e h / m ra t io can also be ob ta ined 
form t h e De Brogl ie 's wavelength (X) , 
which, and in acco rdance wi th q u a n t u m 
mechan ics , is re la ted to a par t ic le by 
v i r tue of i t s m o m e n t u m , and which can 
be def ined as X = h / m v , where m is t he 
observed mass of t h e par t ic le , and v i ts 
ve loci ty . F r o m De Broglie 's e q u a t i o n we 
ob t a in : 

= X • v = L ( L T " 1 ) L 2 T " (5) 

In conc lus ion , in b o t h ins tances ( E q . 
4 & 5) t h e d imens iona l analysis yields 
t h e same result , which can be expressed 
by m e a n s of t h e above m e n t i o n e d adimen
sional ra t ios , and t h e n we have: 

r = X 2 (6) 

c) F ina l ly , in t h e quantum similarity, we 
also have /u = X 4 , and T = X 2 , b o t h of w h i c h 
yield a N e w t o n i a n r e d u c t i o n coefficient of 

_ -\4a + /3 + 2y X = X ( 1 1 ) 

As a resul t o f t h e above , we have o b t a i n e d 
t h r ee different similari ty cri teria, wh ich 
differ in t h e numer ica l value of t h e expo
n e n t ( a ) of the mass ra t io (/x), as well as 
t h e e x p o n e n t (7) of t h e t i m e ra t io ( r ) . 

D u e t o theore t i ca l and pract ica l reasons , 
it is m o r e convenien t in Biology t o u t i l ize 
t h e mass ra t io (n) o r t h e weight ra t io 
(co = W p / W m ) , t h a n the length ra t io ( X ) . 
There fo re , Eq . 9 of t h e gravitational simi
larity is conver ted in to a new express ion if 
one t akes in to a c c o u n t t h a t X = M 1 / 3 , o r 
X = c o 1 / 3 . F u r t h e r m o r e , since the accele
ra t ion of gravity (g) is pract ical ly c o n s t a n t 
o n ea r th (W = M • g) , and consequen t ly 
weight (W) and mass (M) are p r o p o r t i o n a l 
t o each o t h e r (11 = co), we can rewr i te Eq . 9 
as fol lows: 

The general equation of biological similarity 

F r o m t h e co r respond ing t w o pos tu la tes it 
is possible to o b t a i n th ree i n d e p e n d e n t 
similarity cri teria b y replacing the p e r t i n e n t 
e x p o n e n t s in N e w t o n ' s r e d u c t i o n coefficient 

X = Ha • X0 • r ? (7) 

where /x = mass ra t io , X = length r a t io , and 
T = t ime ra t io . 

a) In t h e gravitational similarity, t h e first 
pos tu l a t e is equivalent t o 11 = X 3 , and the 
second to T = X 1 / 2 . If these equivalences are 
i n t r o d u c e d in to Eq . 7 we ob ta in 

x = x 3 a -X* 3 - X 1 ^ (8) 

which is equiva lent t o 

x = x 3 a + 0 + 1 /27 ( 9 ) 

b) In t h e case of t h e electrodynamic 
similarity, t h e first pos tu l a t e is equivalent 
to (n = X 4 ) and t h e second to T = X . T h e 
r e d u c t i o n coefficient ( x ) in th is case will 
be : 

x = x 4 a + /3 + 7 ( 1 0 ) 

x = w l / 3 (3a + 0 + I / 27 ) ( 1 2 ) 

and finally, 

x = 0 J a + 1/30 + I /67 ( 1 3 ) 

T h e same p r o c e d u r e can be ut i l ized for 
t h e o t h e r t w o similari t ies (electrodynamic 
and quantum similarities); b u t , instead of 
co = X 3 we have t o ut i l ize co = X 4 as the 
first pos tu l a t e for reasons wh ich were 
discussed extensively in previous papers 
( G ü n t h e r & Morgado , 1 9 8 2 ; 1984) . Th i s 
four -d imens ional space (V a L 4 ) can be 
visualized, as in Physics ( F e e d m a n & Van 
N ieuwenhu izen , 1985) , b y m e a n s of a 
p lane surface (Fig. 1) whose coord ina te s 
are L! and L 2 , where each po in t can be 
defined in ag reement wi th Euc l idean 
geome t ry . A t t h e in te rsec t ions of these 
t w o coo rd ina t e lines, and t angen t t o t h e 
p lane at every po in t , cyl indrical s t ruc tu res 
can b e imagined, whose he igh t s are equal 
t o L 3 , and the co r re spond ing radii or 
d i ame te r s of these cyl inders can be def ined 
as L 4 . In consequence , any p o i n t (P) o n 
t h e cyl indrical surfaces can b e d e t e r m i n e d 
b y m e a n s of four coord ina tes . Never theless , 
t h e t ime d imens ion (T) is absen t in the 
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Fig. 1: Illustration of a four-dimensional cylinder-world of living beings, where the two-dimensional reference plane 
represents the cross-sections of an organ, in accordance with the Euclidean geometry (Li and L2 ) . At each intersection 
of the coordinate lines, a cylindrical structure is imagined as a tangent to the plane at every point. The longitudinal 
dimension of each cylinder corresponds to L3 and the radial or diametral dimension to L4. In order to specify a point 
(P) on the surface o f the dashed cylinder four coordinates are necessary. Each cylinder represents a morphological unit 
(capillary, nephron, axon, collagenous or elastic fibers, etc .) , which pertains to the microscopic structure of the corres
ponding organ or system. 

s t ruc tu res shown in Fig. 1, b u t if a v o l u m e 
flow ( L 3 T " 1 ) should appea r inside any of 
these cyl indrical tubu l i , t hen we will have 
L3 • ( L 4 ) 2 T ~ 1 . T h e same will t ake place 
w h e n m a t t e r o r energy is t r anspo r t ed across 
t h e cyl indrical surface ( L 3 • L 4 ) b y m e a n s 
of diffusion (see Fig. 2 ) . In this l a t t e r case, 
each par t ic le at rest has a vo lume V a L 3 , 
where again t h e physica l t ime d imens ion 
(T) is absen t ; b u t , due to b r o w n i a n m o t i o n , 
a par t ic le acqui res a m o m e n t u m (Mv), and 
consequen t ly we have ( M L T - 1 ) , and the 
t ime d imenc ion (T) appears associated wi th 
t h e vec to r ( L 4 ) , o r wi th the fou r th d imen
sion (T a L 4 ). 

Space- t ime re la t ionship in biological 
sciences has b e e n discussed recent ly (Giin-
the r & M o r g a d o , 1985) . 

In a prev ious pape r ( G ü n t h e r , 1983) it 
was emphas ized t h a t t h e cyl indrical fo rm 
is prevalent in living beings (p lan ts and 
animals) , b o t h as ho l low s t ruc tu res 
(duc t s ) or as c o m p a c t c o l u m n s . T h e ho l low 
cyl inders c o n d u c t air, b l o o d , secre t ions o r 

exc re t ions , whereas the c o m p a c t cyl inders 
are r ep resen ted by bones , muscles , nerves, 
and different fibers of t h e connec t ive t issue. 
A c o m m o n fea ture of these cyl inders is 
t h a t t he t r anspo r t of m a t t e r ( M T ~ ' ) is 
m a d e a long the main axis ( L 3 in Fig. 1), 
whereas t h e exchange of m a t t e r o r of 
energy is p e r f o r m e d t h r o u g h t h e cor respond
ing surface area ( L 3 t imes L 4 ) . T h e same is 
t r ue for t h e c o m p a c t cy l inders , where t h e 
force vec tors are o r i en ted in accordance 
t o the ma in axis ( L 3 ) and t h e exchange of 
energy and m a t t e r is m a d e t h r o u g h the 
ex te rna l surface of each cy l inder ( L 3 t imes 
L 4 ) . 

T h e four-d imensional space of the 
electrodynamic similarity yields t h e follow
ing general e q u a t i o n 

x = x 4 a +
 0 + ? ( 1 4 ) 

which can also be expressed as the p o w e r 
of the weight ra t io (u>), and in consequence 
we ob ta in 

x = w <* + 1/4/3 • l / 4 T ( 1 5 ) 
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Fig. 2: Diagram of the four-dimensional diffusion process at the porous membrane (M), which separate two compart
ments, whose particle concentration is ( C e ) for the external medium and (Cj) for the internal medium. The membrane 
thickness is represented by Ax, in accordance to Fick's equation. Each spherical particle is three-dimensional (L3) at 
rest; but due to the brownian motion a fourth dimension (L4) should be added, which is indicated by the correspond
ing vector. 

T h e quantum similarity is equivalent t o 
ou r original transport similarity. It also has 
a four-d imensional space as d e d u c e d f rom 
F ick ' s law of diffusion a t t h e cellular level 
( G ü n t h e r & M o r g a d o , 1984) . Dur ing t h e 
diffusion process (Fig. 2) on ly par t ic les a t 
rest are th ree-d imens iona l ( L 3 ) ; b u t , due t o 
the r a n d o m the rma l m o t i o n of a t o m s or 
molecu les ( b rown ian m o t i o n ) each of these 
part ic les has an associated vec tor ( L 4 ) , 
whose min imal length is equivalent t o the 
m e m b r a n e s th ickness (AX, in F i ck ' s equa 
t i on ) . In c o n s e q u e n c e , the fou r th d imen
sion of space of t h e transport similarity 
is r ep resen ted b y t h e scalar value of this 
vec to r . 

Since transport and quantum similarities 
are charac ter ized b y t h e same second 
p o s t u l a t e , whose d imens iona l formula is 
| L 2 T _ 1 | , t h e general e q u a t i o n for these 
similarit ies is t h e fol lowing 

wh ich is equivalent t o 

x = x 4 a + 13 + 2 7 

= w a + 1/4/3 + I /27 (17) 

(16) 

w h e n expressed as a func t ion of t h e b o d y 
weight r a t io (co). 

Comparison between theoretical predictions 
and experimental results 

A n y t h e o r y should be s u b m i t t e d t o a com
par i son wi th t h e e x p e r i m e n t a l f indings. In 
t h e p resen t case this falsification p r o c e d u r e 
(Popper , 1980) m u s t also b e appl ied , provid
ed t h a t t h e di f ferent biological func t ions are 
previously def ined in acco rdance w i th the 
MLT-sys tem, i.e., a veloci ty | v | = | L T - 1 1 , 
a vo lume flow | Q | = I L 3 T _ 1 1 , and energy 
or w o r k as | E | = | M L 2 T ~ 2 1 . The e x p o n e n t s 
(a, |3, 7 ) co r r e spond t o the numer ica l values 
of the mass (M) , length (L) and t ime (T) 
ra t ios (/!, X, r ) . Since each of the th ree 
similarities (gravi ta t ional , e l e c t r o d y n a m i c , 
q u a n t u m ) has different numer ica l coeffi-
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A corre la t ion coefficient r of 0 . 9 9 3 7 was 
found w h e n t h e theore t ica l ly calculated 
r educed e x p o n e n t s ( E q . 18) were c o m p a r e d 
wi th t h e expe r imen ta l f indings (N = 9 6 ) , 
t abu l a t ed b y G ü n t h e r ( 1 9 7 5 a , b ) , and 
wh ich were expressed in acco rdance t o 
H u x l e y ' s a l lomet r ic e q u a t i o n (Eq . 19) . 
Moreover , in t h e m o s t ex tens ive compi l a t i on 
of a l lomet r ic e q u a t i o n s of interspecif ic size 
re la t ions d o n e b y Pe te r s ( 1 9 8 3 ) , w h e r e in 
par t icu lar t h e ecological impl i ca t ions of 
b o d y size were t h o r o u g h l y discussed, the 
a u t h o r submi t t ed t h e theore t ica l p r ed i c t i ons 
from t h e original t heo r i e s of biological 
similari ty ( G ü n t h e r , 1975b) t o a new 
stat ist ical analysis, and he o b t a i n e d for 88 
a l lomet r ic e q u a t i o n s a va lue of r 2 = 0 . 9 8 , 
wh ich implies t ha t t h e regression a c c o u n t s 
for 98% of t h e var ia t ion. 

A sat isfactory c o r r e s p o n d e n c e b e t w e e n 
t h e theore t i ca l p red ic t ions and t h e exper i 
m e n t a l findings was also o b t a i n e d b y 
G ü n t h e r & Morgado ( 1 9 8 4 ) for t h e trans
port similarity. 

TABLE I 

Dimensional analysis of 20 physical entities of biological interest and the calculated reduced exponent (b) 
according to equations 13, 15 and 17. The figures in parenthesis correspond to the exponent (j3) 

in a four-dimensional space (V a L 4 ) , in accordance with Eqs. 15 & 17 

Physical Dimensions Calculated reduced exponents (b) 

Item quantity M L T Gravitational Electrodynamic Quantum 

a y Eq. 13 Eq. 15 Eq. 17 

1 Mass l 0 0 1.00 1.00 1.00 
2 Length 0 1 0 0.33 0.25 0.25 
3 Time (period) 0 0 l 0.17 0.25 0.50 
4 Area 0 2 ( 3 ) 0 0.67 0.75 0.75 
5 Volume 0 3 (4) 0 1.00 1.00 1.00 
6 Density 1 - 3 ( - 4 ) 0 0.00 0.00 0.00 
7 Volume-flow 0 3 ( 4 ) - l 0.83 0.75 0.50 
8 Velocity 0 1 - l 0.17 0.00 - 0 . 2 5 
9 Acceleration 0 1 - 2 0.00 - 0 . 2 5 - 0 . 7 5 

10 Force 1 1 - 2 1.00 0.75 0.25 
11 Pressure; stress 1 - 1 ( - 2 ) - 2 0.33 0.00 - 0 . 5 0 
12 Peripheral resistance 1 - 4 ( - 6 ) - 1 - 0 . 5 0 - 0 . 7 5 - 1 . 0 0 
13 Energy; work 1 2 - 2 1.33 1.00 0.50 
14 Power 1 2 - 3 1.17 0.75 0.00 
15 Action 1 2 - 1 1.50 1.25 1.00 
16 Momentum 1 1 - 1 1.17 1.00 0.75 
17 Surface tension 1 0 - 2 0.67 0.50 0.00 
18 Viscosity (dynamic) 1 - 1 ( - 2 ) - 1 0.50 0.25 0 .00 
19 Viscosity (kinematic) 0 2 - 1 0.50 0.25 0.00 
20 Heat quantity 1 2 - 2 1.33 1.00 0.50 

cients (a, b , c ) , it is possible t o wr i te t h e 
fol lowing general e q u a t i o n of biological 
s imilari t ies: 

x = w a a + b|3 + C7 ( l g ) 

T h e theore t i ca l p red ic t ions (Table I) of 
the " r e d u c e d e x p o n e n t " of the weight 
ra t io (co), which are significantly different 
in t h e t r iad of biological similari t ies, can be 
c o m p a r e d wi th H u x l e y ' s ( 1 9 3 2 ) a l lomet r i c 
e x p o n e n t (b ) , in acco rdance w i th his p o w e r 
formula 

Y = a W b (19) 

where 
Y = a n y biological func t ion wh ich can be 

expressed in acco rdance w i t h t h e 
MLT-sys tem, 

a = empir ica l p a r a m e t e r ; 
W = b o d y weight (g); and 
b = a l lomet r ic e x p o n e n t , which can be 

c o m p a r e d w i t h the theore t i ca l r educed 
e x p o n e n t in acco rdance w i th Eq . 18. 
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CONCLUDING REMARKS 

If all masses ( m ) per ta in ing to b o t h the 
mac roscop ic and mic roscop ic wor ld are 
r ep resen ted o n a logar i thmic scale (Fig. 3 ) , 
whose range inc ludes b o t h t h e far thest 
galaxies and the e lec t rons , o n e finds t ha t 
living organisms (McMahon & Bonner , 
1983) are loca ted a lmost in t h e midd le , 
t h e e x t r e m e values being 10~ 1 3 g for m y c o 
plasmas and 1 0 8 g for b lue whales . It is for 
th is very reason t ha t t h e physical laws, 
and t h e co r respond ing universal cons tan t s , 
should also b e valid for th is biological 
universe , whose range is e n o r m o u s ( 1 0 2 1 ) . 

In t h e present s tudy we have a t t e m p t e d 
to establ ish a t r iad of biological s imilari ty 
cri teria based o n t h r ee universal cons t an t , 
namely 

1. t h e acceleration of gravity ( L T - 2 ) , 
wh ich is p r o d u c e d b y t h e m u t u a l a t t r a c t i on 
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Fig. 3: Logarithmic scale of the mass range (g) in the 
physical world, from the mass of the electron to the 
mass of the whole universe. The biological world is 
located almost in the middle. The gravitational influence 
(g) and the physico-chemical activity of protons ( H + ) and 
electrons (e") in living beings are symbolized by means 
of arrows. The symbolism on the right side (g, H + , e") 
indicate qualitative relationships, whereas those on the 
left, correspond to the quantitative (mass-specific) aspects 
which relate living organisms to their external or internal 
milieu. 

of t w o masses ( ea r th and organism) and 
d i rec ted a long t h e line jo in ing the i r cen te r s 
of mass . It is w o r t h m e n t i o n i n g t h a t the 
acce lera t ion of gravity (g) is o n e of t h e 
factors wh ich d e t e r m i n e s t h e potential 
energy of a sys tem, since E = m • g • H, were 
m is t h e mass, and H t h e he ight above the 
reference level, and where energy (E) 
represen t s t h e capabi l i ty of do ing work . 

2. T h e veloci ty ( L T - 1 ) of light (c) , one 
of t h e universal c o n s t a n t s of na tu re , of 
basic i m p o r t a n c e in Eins te in ' s t h e o r y of 
relat ivi ty, is a reference value to which any 
o t h e r veloci ty (v) should b e related ( V o n 
Baeyer , 1985) . F u r t h e r m o r e , t h e veloci ty 
of l ight (c) is t h e fac tor which un i t e s mass 
( m ) w i t h t h e a t o m i c energy (E = m c 2 ) . 
O n t h e o t h e r hand , in the kinetic energy 
(E = 1/2 m v 2 ) t h e ve loc i ty (v) also appears 
squared . Moreover , t h e speed of light (c) is 
d imens iona l ly corre la ted w i th all e lec t ro
d y n a m i c p h e n o m e n a ( H u n d , 1961) t h r o u g h 
electric permi t iv i ty ( e 0 ) and magne t i c 
pe rmeab i l i ty ( M 0 ) in v a c u u m , as has been 
m e n t i o n e d previously. 

It is in teres t ing t o n o t e , t h a t t h e equiva
lence of t h e length and t ime ra t ios ( r = X) 
of t h e e l e c t r o d y n a m i c similari ty can also 
be ob ta ined (Heusner , 1983 , 1984) by 
assuming t h e c o n s t a n c y of t h e mass -
specific hea t capac i ty ( M ° L 2 T ~ 2 0 _ 1 ) , or of 
a c o n s t a n t mass-specific e n t h a l p y ( cons t an t 
re la t ionship b e t w e e n energy c o n t e n t and 
mass) , since energy o r work (E = M L 2 T ~ 2 ) 
pe r un i t mass (M) yields X 2 r~ 2 = 1.0, o r 
r = X. 

3 . T h e q u a n t u m similari ty deals w i th t h e 
invar iance of t h e mass-specific quantum 
( h / m ) , which has t h e d imens iona l fo rmula 
L 2 T - 1 , and which can b e applied t o t h e 

masses ( m ) of b o t h e lec t rons (e) and p ro 
t o n s (p ) . E lec t rons (e") and p r o t o n s ( H + ) 
are involved in the energet ics of foodstuffs 
(sugars, fa t ty acids, and aminoac ids ) . As it 
is well k n o w n , mos t m e t a b o l i c processes 
are o r i en ted to t h e p r o d u c t i o n of A T P , a 
usable form of energy, wh ich is ut i l ized for 
var ious k inds of physiological work (muscle 
con t r ac t i on , nerve c o n d u c t i o n , g landular 
secret ion, o r renal exc re t i on ) . These 
chemical processes are governed b y quan
t u m mechan ics , and for th is reason the 
variables involved (h , m) should be t a k e n 
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in to accoun t w h e n establishing similari ty 
cri teria in living beings. 

It is w o r t h m e n t i o n i n g t h a t the former 
t h e o r y of biological similari ty ( L a m b e r t 
& Teissier, 1 9 2 7 ; G ü n t h e r , 1975a , b ) , 
w h e r e t h e t ime ra t io ( T ) is equivalent t o 
the length rat io (X), could be deduced from 
t h e cons tancy of t h e veloci ty of light (c) . 
O n t h e o t h e r hand , t h e " t r a n s p o r t " simi
lar i ty , based on F i c k ' s law on diffusion 
( G ü n t h e r & M o r g a d o , 1984) , can be ob ta in 
ed from the mass-specific q u a n t u m ra t ios 
( h / m ) , which are cons t an t for b o t h t h e 
e lec t ron (7 .28 erg sec/g) , and p r o t o n 
( 0 . 0 0 3 9 6 erg sec/g). 

Inc identa l ly , t h e ( h / m ) ra t io is also an 
express ion of Heisenberg ' s u n c e r t a i n t y 
pr inciple , which exc ludes the def in i teness 
of m o m e n t u m (mv) and pos i t ion (x ) , 
especially of par t ic les of small mass (elec
t r o n and p r o t o n s ) , since 

h 
Ax • Av > (20 ) 

~ m 
where Ax is the u n c e r t a i n t y of pos i t ion , 
and Av the indef in i tness of ve loci ty . T h e 
pr inciple of u n c e r t a i n t y is p e r t i n e n t t o t h e 
p resen t analysis , since living m a t t e r d e p e n d s 
o n par t ic les of s u b a t o m i c d imens ions , 
which m u s t in te rac t accord ing t o t h e laws 
of q u a n t u m mechan ics . 

In conc lus ion , a t r iad o f biological 
s imilari ty pr inc ip les was d e d u c e d from 
th ree universal cons t an t s pe r t a in ing t o 
gravi ta t ional fields, t o t h e t h e o r y of elec
t r o d y n a m i c s , and to q u a n t u m mechan ics . 
Each similari ty is based o n two pos tu la t e s : 
t h e first is c o m m o n t o all th ree , i.e., t h e 
cons tancy of body density, while t h e 
second is d i f ferent in each ins tance . 

T h e space t ime re la t ionship in each case 
were as fol lows: in the gravitational simi
larity T = X 1 / 2 , in t h e electrodynamic 
T = X, and in t h e quantum similarity 
T = X 2 . These t h r e e different t y p e s of 
biological c locks, def ined b y the i r length-
t ime re la t ionships , have been recent ly 
discussed ( G ü n t h e r & M o r g a d o , 1985) . 
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