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The concepT of similariTy in naTural sciences
in posT enlighTenmenT era

ABSTRACT
The Scientific Revolution along with the ideas coming from the intel-

lectual movement of Enlightenment gradually led to a different conception
of the world and to a redefinition of the scientific methodology. The world
at this period was perceived as a machine regulated by natural laws.
Methodology and discoveries of Copernicus and Galileo were the forerun-
ner of the significant changes that were going to appear in methodology
of natural sciences. Scientists of 17th and 18th century started investigating
the world systematically through experimentation, logic and mathematics,
which contributed to the formulation of laws. These conditions favored
the utilization of scientific techniques, mechanisms and models that con-
tributed to understanding, explaining and describing the natural world and
also to drawing of scientific inferences. An interesting example is the
mechanism of similarity, which seems to be recognized after the Scientific
Revolution, and its systematic exploitation extended significantly after the
19th century through the technique of scientific models, mainly in the
fields of Engineering and Physics. Notions of similarity and similar sys-
tems were rapidly evolved after the 17th century. This fact leads to the fol-
lowing important question: How did the Scientific Revolution and the
Enlightenment influence the evolution of these concepts?



The concept of similar systems has been identified in Galileo’s theories,
but it was introduced by Newton, who defined the similar systems mainly
based on geometrically similar configurations, similar movements between
particles and similar paths in proportional times. In 1914, the American
physicist Edgar Buckingham proposed the term ‘‘physically similar sys-
tems’’ in order to replace Newton’s previously widely accepted term, ‘‘sim-
ilar systems’’. Buckingham focused on physical similarity. He argued that
two physical systems are similar if there is a proportional relation between
two corresponding quantities, which can be described by the same equa-
tion.

At the beginning of the 21st century, the American philosopher Susan
G. Sterrett highlights the significance of similarity, of similar systems and
scientific models in the field of Philosophy of Science. Sterrett accepts that
the concept of similarity is related to the concept of ratio and she under-
stands the concept of physical similarity as a generalization of the concept
of geometrical similarity. Her contribution to the evolution of the concept
of similarity is detected in her argument that similarity is always defined
in the light of a scientific hypothesis. Therefore, the similarity between a
model and an object of interest is usually not absolute, as it is always de-
fined with respect to particular characteristics. In addition, Sterrett argues
that similarity is a function mechanism of analogue models, which are used
to draw inferences, observations or predictions about similar set-ups that
scientists cannot observe.

KEYWORDS: 
Scientific revolution, Enlightenment, Similarity, Ratio, Scientific mod-

els

INTRODUCTION
The 17th century is often regarded as an intersection between old and

modern science. The mechanistic conception of the world, the acceptance
of logic as the basic tool of the correct method and the utilization of math-
ematics as the basic technique of the experimental method are considered
three important features of scientific methodology after the 17th century.
As a consequence of these conditions the development of the 17th-century
experimental method followed, which requires systematic experimentation,
which is performed by directed, organized and repeated observation of the
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world through the utilization of experimental instruments and the devel-
opment of new scientific methods.

In the context of this new way of thinking that suggested the rational
study of nature, the mechanism of similarity was utilized as a tool of ex-
perimental technique of natural sciences after the 17th century. The concept
of similarity has been defined by many scientists who have presented the
views and applications of their respective scientific fields on the matter.
In philosophy, similarity is defined as the existence of a common, similar
or analogous property or attribute between two or more objects, while in
geometry it is attributed as the equal or proportional dimension (Sterrett,
2010). In physics, similarity is considered the analogy between specific
relations of particular physical quantities of two or more physical systems
(Sterrett, 2010). In engineering similarity is perceived as a mechanism that
operates on the basis of a set of rules, laws, principles or mathematical re-
lation that are exploited by the experimental technique of analogue models,
during the process of selecting or constructing the model and during the
process of extending the model’s conclusions to the phenomenon, object
or system of interest (Sterrett, 2005), (Sterrett, 2002).

The repeated attempts to define the concept of similar systems after the
17th century, along with the extensive and systematic utilization of the
mechanism of similarity of physical bodies, systems and phenomena that
has been applied from the 18th century to the present, lead to the following
question: How did the Scientific Revolution and the Enlightenment affect
the evolution of the concept of similarity and the utilization of the mech-
anism of similarity as an experimental technique’s tool, after the 17th cen-
tury?

The purpose of this paper is to address this issue through a historical
review of the concept of similarity in the context of new science after 17th
century.

SCIENTIFIC METHODOLOGY AFTER SCIENTIFIC REVOLUTION
AND ENLIGHTENMENT

The Scientific Revolution and the Enlightenment marked significant
changes in the scientific methodology concerning the perception and the
explanation of the world, thus laying the foundations for the formation of
the new science.
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Before the 17th century, researchers were developing theoretical sys-
tems that were based more on classical antiquity than on systematic ex-
perimentation. However, in the late Middle Ages there were researchers
conducting experiments, but they used their findings mainly in order to
write descriptive encyclopedias rather than to describe, explain or make
predictions about natural phenomena (Butterfield, 1983).

After Copernicus and Galileo’s discoveries of celestial bodies and their
movements, the preceding scientific methodology was disputed and the
ancient explanation of the universe began to collapse. Eventually, this was
followed by the period of the Scientific Revolution (1543-1687), through
which the natural sciences advanced rapidly. New theories were introduced
in physics, astronomy, biology and other fields and the issue of a general
scientific methodology was emerged (Butterfield, 1983).

As a consequence of the Scientific Revolution, in the late 17th century
the intellectual movement of the Enlightenment appeared in England and
in the late 18th century in France and then it spread to the rest Europe. The
roots of the Enlightenment are traced in the theory of rationalism, accord-
ing to which knowledge can be acquired just through the pure reason. The
representatives of the Enlightenment expressed their belief in the pure rea-
son and they encouraged people to reject any authority (Outram, 1995).
Moreover, they believed that people should be free from ignorance, prej-
udice and superstitions of the past, and they believed in the ideas of
progress and evolution of science. The period of the Enlightenment was
not only the continuation and culmination of the Scientific Revolution, it
was also a period of knowledge dissemination, not only through the ency-
clopedia of Denis Diderot and Jean le Rond d’Alembert, but also through
the spreading of books, newspapers and magazines, which was supported
by the development of typography.

A dominant point of view, after the 17th century, was mechanocracy,
the idea that nature is a huge machine, and that the work of scientists is to
interpret the mechanisms behind the phenomena. The mechanistic idea is
found in Galileo’s scientific methodology. He believed that order and har-
mony dominate the universe and in order to be studied, a quantitative ex-
perimental methodology should be developed and adopted (Westfall,
2008). René Descartes argued that God created the universe as a perfect
clock mechanism and that after its creation it was capable of operating
without any intervention. Francis Bacon expressed his concerns about the
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distinction between observation and explanation. He believed that the ex-
planation should come from observation and not from a system of expla-
nation inherited from ancient philosophy. Bacon argued that scientists
should systematically experiment and induce generalizations, that would
point the way to the next experiment (Butterfield, 1983). Denis Diderot, a
leading enlightener, presented a similar point of view, arguing that the main
means of research are nature’s observation, thought, and experiment.

In the 18th century science had been configured as an organized social
and intellectual activity, distinct from other intellectual activities, such as
philosophy or theology. In the context of the new way of thinking and of
critically approaching nature which was established by the Enlightenment
movement, logic was the essential tool of the correct method. As the new
science sought to achieve absolute accuracy, clarity and generalization of
the description, scientists turned their experiments toward to things that
can be measured. Thus Mathematics was an integral component of the new
scientific methodology. The prevalence of the mechanocratic conception
has as a result a change in the way that scientists used to study the world.
Physics was shaped as a quantitative experimental science aimed at dis-
covering the laws that determine the functioning of the universe (Hankins,
1998). The systematic experimentation becomes a main part of the rational
approach to nature and it contributed to the development of experimental
measuring instruments, of scientific techniques, to the exploitation of
mechanisms and models capable of contributing to scientific explanation
and prediction of phenomena.

THE CONCEPT OF SIMILARITY AFTER THE 17TH CENTURY

Since ancient times philosophers and scientists were concerned with
the concept of similarity of natural phenomena. The roots of the concept
of similarity can be found in the Pythagorean Philosophers, who dealt with
the similarity of phenomena in music, in Thalis who formed the theorems
of similar triangles and in Euclid, who systematized the existing knowledge
through his theories and this way he prepared the ground for what later
was called geometrical similarity (Sterrett, 2010), (Sterrett, 2017 (b)). Later
Aristotle referred to the form, that is, the set of attributes that each being
has in common with other beings and puts it in the same class of similar
beings.
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During the Middle Ages, research was mainly limited to the study, the
translation and the commentary of ancient texts and it was not character-
ized by organized and systematic experimentation. Mechanisms, tools, and
techniques used in the experimental method which contribute to conclu-
sions, such as the similarity mechanism, did not attract the interest of the
majority of intellectuals during this era.

From the time of the Renaissance, the idea of   similar systems utilized
by a number of scientists with characteristic example Galileo Galilei.
Galileo used the idea of   similar systems in his attempt to explain particular
behaviors of machines and generally structures with mass. Galileo focused
not only on geometrical similarity, on the similarity of dimensions or struc-
tures, but also on the proportion of relations between natural quantities.
Galileo’s most important contribution to the development of the concept
of similar systems is found in the pendulum’s experiment and its law of
correspondence. Galileo observed that the quantities that determine the be-
havior of a pendulum are related with a constant relation, which applies to
all pendulums. These quantities are the oscillation time and the length of
the pendulum’s string. According to his observations, the value of the ratio
including the length of the string and the frequency of oscillations of the
pendulum is constant and applies to every pendulum. This constant ratio
functioned as a correspondence law, which correlated each of these two
quantities of one pendulum with the corresponding quantity of the other
pendulum, and allowed him to calculate the length of a pendulum’s string
from the number of oscillations of the two pendulums at a given time (Ster-
rett, 2002), (Sterrett, 2017 (b)). The idea that each pendulum relates to each
other pendulum with a law of correspondence, identifies the base of the
idea of similar systems (Sterrett, 2017 (b)).

During the early 17th century, the application of the mechanism of sim-
ilarity traces in experimental physics, and particularly in the case of im-
perceptible or weightless fluids. Electricity, heat, gravity, and magnetism,
which had physical properties, but they were not regular material according
to this period’s physics, were called weightless or imperceptible fluids.
Their movement was conveying their physical properties, but it did not
carry mass. When the researchers observed heat flowing from a hot to a
cold object, they did not detect any mass change (Hankins, 1998). So in
order to describe and explain this movement, they exploited its similarity
to fluid motion. Until then, the concept of similar systems may not have
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been defined, but the case of imperceptible fluids leads to the inference
that scientists had understood the role of similarity in the process of draw-
ing scientific conclusions and had incorporated it into their scientific
methodology when they considered that it would be useful.

In late 17th century Newton in his 2nd Book of Principia, defined the
concept of similar systems for first time in the history of the concept, as
follows:

Suppose two similar systems of bodies consisting of an equal number of par-
ticles, and let the correspondent particles be similar and proportional, each in one
system to each in the other, and have a like situation among themselves, and the
same given ratio of density to each other; and let them begin to move among them-
selves in proportional times, and with like motions (that is, those in one system
among one another, and those in the other among one another.) And if the particles
that are in the same system do not touch one another, except in the moments of
reflection; nor attract, nor repel each other, except with accelerative forces that
are inversely as the diameters of the correspondent particles, and directly as the
squares of the velocities: I say, that the particles of those systems will continue to
move among themselves with like motions and in proportional times.” (Sterrett,
2017 (b)).
Newton focused on the geometrical similarity, the similarity of structure

(mass, density) of the two systems of bodies, the proportion of the move-
ment between particles, and the time of movement in order to consider two
systems similar (Sterrett, 2002). In contrast to Galileo, who used the idea
of   similar systems as a specialized method aimed at explaining exclusively
pendulum’s behaviors, Newton presents the idea of   similar systems as a
general method (Sterrett, 2002), (Sterrett, 2017 (b)). Newton’s approach
was the starting point for the examination of the concept of similar systems,
sparking a series of theories from researchers coming mainly from the
fields of natural sciences and engineering. The term ‘‘similar systems’’ in-
troduced by Newton was a reference point until the early 20th century.

The year of 1914 was an important year for the development of the con-
cept of similar systems, as Edgar Buckingham, an American physicist, pro-
posed the term ‘‘physically similar systems’’ in order to replace Newton’s
previously accepted term ‘‘similar systems’’. His approach was:

Let S be a physical system, and let a relation subsist among a number of quan-
tities Q which pertain to S. Let us imagine S to be transformed into another system
S’ so that S’ “corresponds” to S as regards the essential quantities. There is no
point of the transformation at which we can suppose that the quantities cease to
be dependent on one another: hence we must suppose that some relation will sub-

182 SKEPSIS XXVIΙ/2019-2020: V. GRIGoRIADou, F. CoutELIERIS, K. tHEoLoGou, A. KANAVouRAS 



sist among the quantities Q’ in S’ which correspond to the quantities Q in S. If this
relation in S’ is of the same form as the relation in S and is describable by the same
equation, the two systems are ‘physically similar’ as regards this relation. (Sterrett,
2017 (b)).
A common characteristic of these two approaches to the concept of sim-

ilar systems was the identification of ratio between physical quantities or
relations of physical quantities. While Newton defined similar systems on
the basis of their similar structural characteristics (mass and density), Buc -
kingham defined them on the basis of the proportional relations observed
between specific physical quantities of interest. Since 1914 the term ‘‘phys-
ically similar systems’’ that induced by Buckingham, has been widely ac-
cepted and used up to this day.

The systematic utilization of the similarity extended significantly after
the 19th century mainly to the fields of Engineering and Physics. An in-
teresting approach focusing on utilizing the similarity mechanism for ship
design and construction was that of William Froude. William Froude was
an English engineer who get involved in hydrodynamics and ship design
during early 19th century. He utilized the concept of similar systems to
solve major problems encountered in the construction of ships for the Eng-
lish Navy, which were related to stability, speed of ships and their interac-
tion with water in motion or stillness (Sterrett, 2017 (b)). In Froude’s case,
as in Newton’s too, the idea of   similar systems related to the idea of   cor-
relating quantities of one situation with corresponding quantities of another
situation (Sterrett, 2002). In particular, Froude carried out experiments with
ship’s scale models and extended the inferences of his experiments,
through the appropriate calculations, to full-size ships (Sterrett, 2017 (b)).

THE CONCEPTS OF SIMILARITY AND SCIENTIFIC MODELS
IN SUSAN G. STERRET’S THOUGHT

Susan G. Sterrett is a Professor of History and Philosophy of Science
at Wichita State University in Kansas. She began her studies in the field
of Mechanics, but her research interest focused on the field of History and
Philosophy of Science. Her arthrography focuses on issues related to the
methodology of science with her major contribution to highlighting the
importance of concepts of similarity and scientific models in the field of
Philosophy of Science, concepts whose significance had already recog-
nized in natural sciences and engineering.
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According to Sterrett, the concept of similarity is a powerful concept
in the field of natural sciences, which should be further developed in other
fields and examined more intensively in the field of the Philosophy of Sci-
ence. Sterrett accepts the idea that the concept of similarity is related to
the concept of ratio. She understands the concept of physical similarity as
a generalization of the concept of geometrical similarity, which has its roots
in Thalis theorems and is related to the similarity of geometric shapes.
While geometrical similarity is defined by the ratio of shapes or distance
between two points, physical similarity is defined by the proportion of
physical quantities concerning the similar systems, such as time, mass, and
force. In order to generalize the notion of similarity from geometry to nat-
ural sciences, the concepts of proportion and shape also had to be gener-
alized, in order to complete the transition from the similarity of geometric
shapes to similarity of natural systems (Sterrett, 2010). According to Ster-
rett, the concept of similarity in physics is summed up in the idea of   exist-
ing proportional relations between specific quantities of interest from
model to phenomenon of interest. So two systems can be characterized as
physically similar when there is an analogy between specific relations of
corresponding physical quantities (Sterrett, 2006).

Another important issue concerned Sterrett was in what methodologies
the similarity’s mechanism is used and how the criteria that determine the
similarity between two bodies or systems are selected. As she points out,
since the beginning of the 19th century the mechanism of similarity has
been related to the concept of the scientific model.

The majority of scientists working in the field of philosophy of science
perceive scientific models as theoretical tools, which are an intermediate
stage between theory and real world. These tools are formed by theory,
laws, and principles that relate to the subject under consideration and they
are used to draw conclusions about real-world situations (Sterrett, 2005),
(Sterrett, 2002). Sterrett considers this approach is fragmentary, as it does
not include a wide range of models which are not theoretical tools of an
intermediate stage, but they are parts of real world, for example scale mod-
els in physics and mechanics or animal models in biology. She proposes
the classification of scientific models in the categories of “realm of
thought” and “using one piece of the world to tell about another”. The first
category includes models of abstract, mathematical structures, algorithms
or mechanism descriptions. These tools are considered models in virtue of
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their relation to some equations or formal scientific proposals (Sterrett,
2005). Models that fall into the second category are parts of the real world.
These models are commonly known as analogue models (Sterrett,
2017(a)). Analogue models are physical set-ups that are utilized as models
of other physical set-ups, which researchers cannot observe because of
their size, space or time distance of them, or we could add because of eth-
ical reasons. Their basic function mechanism is similarity which is vali-
dated by a ratio of physical quantities or by a ratio of relations observed
between physical quantities of two phenomena or objects (Sterrett, 2005).
The analogue relations between the model and the system is selected based
on the direction and purpose of the research (Sterrett, 2005), (Sterrett,
2002), (Sterrett, 2017(a)).

Similarity is defined by criteria that are determined by the phenomenon
of interest and the problem to be solved. Sterrett’ s contribution to the de-
velopment of the concept of similarity is precisely identified in her obser-
vation in which similarity is always defined in the light of a scientific
hypothesis. Therefore, the similarity between the model and the object of
interest is usually not absolute, as it is defined with respect to particular
characteristics.

Examples of analogue models are scale models that are extensively used
in engineering and physics. Scale Models are physical objects or systems
which are used to control or predict the behavior of a machine, an object
or a system of different dimensions. They are constructed in such a way
that there is a certain proportion to an object in physical world, which is
usually described by a mathematical relation. The relation between the
model and the system is selected according to the direction and purpose
of the research (Sterrett, 2005), (Sterrett, 2002), (Sterrett, 2017(a)).

Sterrett described the operation stages of scale models in order to pres-
ent the utilization of similarity mechanism in the context of this scientific
technique’s tool. She said that in the first stage the researcher should study
the physical quantities related to the phenomenon of interest. Then he con-
structs a physical state S2, which is similar to state S1, in the areas of his
research’s interest. In other words, the researcher chooses the proportional
relation which could respond to his scientific hypothesis and he constructs
the model based on this relation. This way he defines the similarity in the
light of his specific research hypotheses. Then he develops the rules for
transferring prices of quantities of S2 to S1 (principles, laws, equations).
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Once the S2 model is constructed, he measures the quantities, he observes
the behavior of the physical state, and draws inferences about the S1 state
(Sterrett, 2005), (Sterrett, 2002).

In this context, the mechanism of similarity could be understood as a
set of rules, laws, principles or mathematical relations utilized by the ex-
perimental technique of analogue models in their selection or construction
and in the process of extending model’s inferences to the object, system
or phenomenon of interest.

CONCLUSIONS

This historical review of the concept of similarity and similar systems
reveals the continuous effort of understanding, defining the term similarity
and exploiting the mechanism of similarity in natural sciences in post En-
lightenment era. The changes occurred in science after the Scientific Rev-
olution and the Enlightenment played a decisive role to the evolution of
the concept of similarity. These changes resulted in the formation of these
conditions which allowed the multifaceted approach, the understanding,
the definition of the concept of similarity and through all these its evolu-
tion: from the concept of Newton’s geometrical similarity to the concept
of Buckingham’s physical similarity, and finally to the concept of physical
similarity in the light of a specific research hypothesis in Sterrett’ s ap-
proach.

Susan G. Sterrett’ s important addition contributes to a clearer definition
of terms of similarity and similar systems. The emergence of the signifi-
cance of the scientific hypothesis during the process of defining the simi-
larity between two systems, rightly places her theory between the important
stations of evolution of concepts of similarity and similar systems.

In addition, the Scientific Revolution and the Enlightenment movement
formed a new way of thinking that caused a change in the way scientists
research the natural world. The incorporation of systematic experimentation
into scientific methodology had as a result the need of developing new sci-
entific practices including measuring instruments, systematic exploitation
of mechanisms and scientific models capable of contributing to the expla-
nation and the prediction of phenomena. These conditions contributed to
the immediate adoption of the mechanism of similarity and to its systematic
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utilization through the technique of scientific models, which was greatly
expanded from the 18th century onwards.
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