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Third, it should have broad scope: in particular, a theory’s
consequences should extend far beyond the particular
observations, laws, or subtheories it was initially designed

to explain. (Kuhn, 1977, p.322)
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What Einstein did in 1905 has impacted not only twentieth
century but also science in general, actively shaping
subsequent scientific endeavors. Two revolutions occurred in
physics during the twentieth century. Both had broad and
deep implications. The first was the result of Einstein’s June
paper on special relativity, which required the restructuring
of our ideas about space and time, the most basic concepts
of physics. This revolution was completed in 1915, again by
Einstein, with his general theory of relativity. The second
revolution was quantum mechanics, which took form
between 1925 and 1927. Einstein’s March paper is a pilla
supporting the edifice of quantum mechanics. Finally, the
April and May papers brought statistical fluctuations into
statistical physics and influenced that field's subsequent

development. (Rigden, 2005, pp.4-5).
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ofuigl Ipstuge] HgdHA = }hel th(Kimball, 1967-1968;
Lederman, 2007). ZL2]aL o= v AthE $1 HAstuFolx vpa] 2
Z¥ 3 9lom(AAAS, 1990, 1993; A&+ <], 2018), =yt 2015
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Science is not value-free? Agreed .. but some scientific
facts, laws and theories are independent of people and
society. Newton’s Second Law works in Iran as well as it
does in North America. The kinetic theory of particles can be
applied globally.(Wellington & Ireson, 2008, p.11)
‘Ao HFE Aty Apd, BH, ol &, de 52 A4, 574, 2
(o] g 3], 2017, AQ1E) el ek= Aol
H3t Ak ko] HAdS EFEE gpeke] ZAfol el F o asfof
&tm, ol & o af= Zolth Fete] EAo] tiFk oS xol7] 4
A= WAAQD F]iol dAIAR] R T B4 o]t (Meichtry, 1992;
Abd-El-Khalick & Lederman, 2000a, b). 53] WAl d ¢} H3%0](2010)=
wdpAel] AAlE FAAQD WEom FAE Foke] EA N gk EAA
FHol o] FetuatEe] 12 Walel] T FIE VA% EE B
Aek. FA, Fete] Bl gk olall= #et i e olsfoll: dFS =
H(Songer & Linn, 1991; 24 &, &4 d, =88], 2005 X9, WA,
2015). 53] 3k Jidat A Ao
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Newtonian mechanics does not give a satisfactory answer to
this question. It pronounces as follows:-The laws of
mechanics apply to the space R,, in respect to which the
body S, is at rest, but not to the space R,, in respect to
which the body S, is at rest. But the privileged space R, of
Galileo, thus introduced, is a merely factitious cause, and not
a thing that can be observed. It is therefore clear that
Newton’'s mechanics does not really satisfy the requirement
of causality in the case under -consideration, but only
apparently does so, since it makes the factitious cause R,
responsible for the observable difference in the bodies .5, and

S,. (Einstein, 1916, p.149)
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Of all imaginable spaces R,, R,, etc., in any kind of motion
relatively to one another, there is none which we may look
upon as privileged a priori without reviving the
above-mentioned epistemological objection. 7The laws of
physics must be of such a nature that they apply to systems
of reference in any kind of motion. Along this road we
arrive  at an extension of the postulate of relativity.

(Einstein, 1916, p.149)

In addition to this weighty argument from the theory of
knowledge, there is a well-known physical fact which
favours an extension of the theory of relativity. (Einstein,

1916, pp.149-150)
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This view 1s made possible for us by the teaching of
experience as to the existence of a field of force, namely,
the gravitational field, which possesses the remarkable
property of imparting the same acceleration to all bodies.
The mechanical behaviour of bodies relatively to K’ is the
same as presents itself to experience in the case of systems
which we are wont to regard as “stationary” or as
“privileged”. Therefore, from the physical standpoint, the
assumption readily suggests itself that the systems A and
K' may both with equal right be looked upon as
“stationary”, that is to say, they have an equal title as
systems of reference for the physical description of

phenomena. (Einstein, 1916, p.150)
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So there is nothing for it but to regard all imaginable
systems of co-ordinates, on principle, as equally suitable for
the description of nature. This comes to requiring that:-

The general laws of nature are to be expressed by
equations which hold good for all systems of co-ordinates,
that Is, are co-variant with respect to any substitutions

whatever (generally co-variant). (Einstein, 1916, p.153)
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To the “linear element” in question, or to the two infinitely
proximate point-events, there will also correspond definite
differentials dx, ... dz, of the four—-dimensional co-ordinates of
any chosen system of reference. If this system, as well as
the “local” system, 1is given for the region under

consideration, the dX, will allow themselves to be represented
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here by definite linear homogeneous expressions of the dz,:-

X, = Y a,,dz, .. (2)

Inserting these expressions in (1), we obtain

ds* = ngd:rgd;vT )

where the gar will be functions of the xo. There can no
longer be dependent on the orientation and the state of
motion of the “local” system of co-ordinates, for ds* is a
quantity  ascertainable by rod-clock measurement of
point-events infinitely proximate in space-time, and defined
independently of any particular choice of co-ordinates.

(Einstein, 1916, p.155)
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It must be admitted that this introduction of the
energy—tensor of matter is not justified by the relativity
postulate alone. For this reason we have here deduced it
from the requirement that the energy of the gravitational

field shall act gravitatively in the same way as any other
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kind of energy. (Einstein, 1916, p.185)
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The mathematical aids developed in part B enable us
forthwith to generalize the physical laws of matter (hydro-
dynamics, Maxwell’s electrodynamics), as they are formulated
in the special theory of relativity, so that they will fit in

with the general theory of relativity. (Einstein, 1916, p.187)
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in their consequence, that the equations of conservation of
momentum and energy, correspondinf exactly to equations
(49) and (49a), hold good for the components of the total

energy. (Einstein, 1916, p.185)
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but my main object is to develop this theory in such a way
that the reader will feel that the path we have entered upon
1s psychologically the natural one, and that the underlying
assumptions will seem to have the highest possible degree of

security. (Einstein, 1916, p.154)
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It is well known that Maxwell’s electrodynamics—as usually
understood at present-when applied to moving bodies, leads
to asymmetries that do not seem to attach to the phenomena.

(Einstein, 1905, p. 140)
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(1) 2874 F79 A&(Why)
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Let us recall, for example, the electrodynamic

between a magnet and a conductor. The

phenomenon depends here only on the relative
conductor and magnet, while according to the

conception the two cases, in which, respectively,

interaction
observable
motion of
customary

either the

one or the other of the two bodies is the one in motion, are

to be strictly differentiated from each other.

For

if the

magnet is in motion and the conductor is at rest, there arises

in the surroundings of the magnet an electric field endowed

with a certain energy value that produces a current in the

places where parts of the conductor are located. But if the

magnet is at rest and the conductor is in motion,

no electric

field arises in the surroundings of the magnet, while in the

conductor an electromotive force will arise, to which in itself

there does not correspond any energy, but which, provided

that the relative motion in the two cases considered is the

,34,



same, gives rise to electrical currents that have the same
magnitude and the same course as those produced by the
electric forces in the first-mentioned case. (Einstein, 1905,

p.140)

(2) RAA S WE(What)
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Examples of a similar kind, and the failure of attempts to
detect a motion of the earth relative to the “light medium”,
lead to the conjecture that not only in mechanics, but in
electrodynamics as well, the phenomena do not have any
properties corresponding to the concept of absolute rest, but
that in all coordinate systems in which the mechanical
equations are valid, also the same electrodynamic and optical
laws are valid, as has already been shown for quantities of

the first order. (Einstein, 1905, p.140)
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(What 3)7} =2t}

We have now derived the required propositions of the
kinematics that corresponds to our two principles, and will
now proceed to show their application in electrodynamics.

(Einstein, 1905, p.156)

If we apply the transformations derived in §3 to these
equations in that we refer the electromagnetic processes to
the coordinate system introduced there, which moves with
velocity v, we obtain the following equations: (Einstein, 1905,

p.156)
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but that in all coordinate systems in which the mechanical
equations are valid, also the same electrodynamic and optical
laws are valid, as has already been shown for quantities of

the first order. (Einstein, 1905, p.140)
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59 Az,

A profound formal distinction exists between the theoretical
concepts which physicists have formed regarding gases and
other ponderable bodies and the Maxwellian theory of
electromagnetic  processes in so-called empty space.

(Einstein, 1905, p.367)
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While we consider the state of a body to be completely
determined by the positions and velocities of a very large,
yvet finite, number of atoms and electrons, we make use of
continuous spatial functions to describe the electromagnetic
state of a given volume, and a finite number of parameters
cannot be regarded as sufficient for the complete
determination of such a state. According to the Maxwellian
theory, energy is to be considered a continuous spatial
function in the case of all purely electromagnetic phenomena
including light, while the energy of a ponderable object
should, according to the present conceptions of physicists, be
represented as a sum carried over the atoms and electrons.
The energy of a ponderable body cannot be subdivided into
arbitrarily many or arbitrarily small parts, while the energy
of a beam of light from a point source (according to the
Maxwellian theory of light or, more generally, according to
any wave theory) is continuously spread an ever increasing

volume. (Einstein, 1905, pp.367-368)
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In spite of the complete experimental confirmation of the
theory as applied to diffraction, reflection, refraction,
dispersion, etc., it is still conceivable that the theory of light
which operates with continuous spatial functions may lead to
contradictions with experience when it is applied to the
phenomena of emission and transformation of light. (Einstein,

1905, p.368)
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It seems to me that the observations associated with

blackbody radiation, fluorescence, the production of cathode
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rays by ultraviolet light, and other related phenomena
connected with the emission or transformation of light are
more readily understood if one assumes that the energy of
light is discontinuously distributed in space. (Einstein, 1905,

p.368)
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In Sec. 4, we found the following expression for the
dependence of the entropy of monochromatic radiation on the
volume S—8, = (E/8v) In(v/v,).
If one writes this in the from

S8, = (B/N) In[(v/v,) N5 = FIO0],
and if one compares this with the general formula for the
Boltzmann principle S—8, = (R/N)InW, one arrives at the

following conclusion:

Monochromatic radiation of low density (within the range of
validity of Wien’s radiation formula) behaves
thermodynamically as though it consisted of a number of

independent energy quanta of magnitude RGv/N. (Einstein,
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In the following,

accordance with the principle introduced into physics by Herr

Boltzmann, namely that the entropy of a system is a function

of the probability its state. (Einstein, 1905, p.371)
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Abstract

The Characteristics of Physics
Theory Revealed in Einstein’s
Research Papers and Its
Implications of Physics
Education

- Focusing on Universality -

Eunye Lee
Physics, Department of Science Education
The Graduate School

Seoul National University

Science 1s defined in a variety of aspects. For instance, it can be
defined as “systematic knowledge based on the purpose of
discovering universal truth or laws” from the perspective of formation
of scientific knowledge. Therefore, it is considered important to
explore how specifically something universal is considered in the
process of formation of scientific knowledge and how it is exposed to

understand the nature of science. Since a long time ago, science
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education has emphasized on teaching the nature of science. But it
i1s difficult to find research on what the universality of science means
in the study of science education and how such universality should
be taught. In this regard, this research tried to investigate the
meaning of universality in science. In particular, this research aimed
to explore the characteristics of universality in detail from the typical
study that pursues universal knowledge in physics. In addition, this
research tried to examine physics teachers’ understanding of the
universality of physics and to explore the implications for physics
education.

The process and results of this research are as follows: First, this
research tried to find the specific characteristics of universality in
physics from the research paper on the general theory of relativity by
Albert Einstein. We focused on Einstein's works since Einstein is a
representative physicist who had confidence that the law of nature
was universal, and he developed the general theory of relativity
through the process of pursuing universality. Therefore, this research
tried to discover the characteristics of universality, which were
pursued by Einstein, through his research paper on the general theory
of relativity. Einstein is the physicist who presented the most basic
idea for not only the theory of relativity but also quantum mechanics.
As such, this research looked for the characteristics of universality in
Einstein’s research papers on the general and special theories of
relativity as well as the research paper on photoelectric effect.

Using the qualitative content analysis method, the characteristics of
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universality shown in Einstein’s research papers were investigated in
three aspects: the beginning of the pursuit of universality, the content
of universality, and the method of pursuing universality. The research
paper on the general theory of relativity was first analyzed. Based on
these results, the research papers of the special theory of relativity
and photoelectric effect were analyzed. As the results, the three
research papers showed common characteristics of universality as
follows: First, it was revealed that “the pursuit of universality” was
started due to inconvenience caused by defects or contradiction of the
existing physics knowledge. Second, as for “the content of
universality,” frame-independent laws of physics, frame-independent
physical quantities(invariants), and object-independent laws of physics
were identified. Third, in “the method of pursuing universality,” the
following characteristics were discovered: defects of the existing
physics knowledge were pointed out in detail, existing physics
knowledge that needed to be regarded as universal was accepted, and
new arguments were developed universal that everyone would
naturally accept.

Second, 10 current physics teachers were recruited to investigate
their understanding of physics universality. They were surveyed on
the characteristics of physics universality, the role of the pursuit of
universality in the development process of physics and the special
and general theories of relativity, and the necessity of teaching the
process and content of pursuing universality for teaching and learning

physics in high school. As a result, most teachers recognized the

o4 - | =



laws of physics irrelevant to the object of application as physics
universality. Some teachers, however, recognized universality by
relating it to understanding humans.

Many teachers considered the pursuit of universality an important
role in the development process of physics. For this reason, the
content applied to the laws of physics, irrelevant to the object of
application, was mentioned most. All the teachers who had such
understanding thought that it was required to include the process and
content of the pursuit of universality in teaching and learning of
physics in high school. Moreover, many teachers thought that the
pursuit of universality played a crucial role in the development
process of the special and general theories of relativity. Comparing
the responses and the characteristics of universality shown in
Einstein’s research papers, however, the role of universality was
partially recognized by the teachers.

In summary, this research was able to identify the specific
characteristics of universality shown in Einstein’'s research papers. In
particular, it was revealed that the pursuit of universality had an
important role in forming the theories of relativity. Furthermore, this
research revealed that it was required to develop various measures to
help physics teachers understand physics universality. For instance,
developing teacher education program and developing teaching
materials and textbooks on the theory of relativity based on the

process and content of pursuing universality.
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