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Abstract

The process of scientific discovery resembles mining operations. It advances continuously across
different spatial scales and energy levels of matters, with distinct scientific fields becoming
“mineable disciplines” in different eras. The historical condition for the shift of mineable
disciplines is the discovery of fundamental energy conversion effects inherent in the current
mineable level. Before this condition is met, scientific history often witnesses large-scale “back-
mining” phenomena. Both “mineable” and “back-mining” are crucial factors influencing scientific
development and effective means for predicting future strategic trends in science.

Keywords: mineable discipline; main mining; back mining; attempt mining; energy conversion effects
I. The mineable phenomenon

Our revised Chronology of Major Events in Natural Sciences [l catalogs approximately 2,080 modern
scientific achievements. These milestones, universally recognized in the scientific history spanning 1500 to
1960, include 1,955 abiotic scientific accomplishments with 1,376 in the microscopic realm and 579 in the
cosmological domain. Now, let us first categorize the scientific achievements in the microscopic realm into
broad classifications based on their spatial scale and energy level:

(I) Achievements concerning macroscopic mechanical phenomena, including Galileo’s kinematics,
Newton’s dynamics, Euler-Lagrange’s analytical mechanics, and acoustics.

(II) Achievements concerning thermal phenomena at the molecular level, including the creation of a
vacuum, the discovery of atmospheric pressure, the formulation of kinetic theories of molecules, the
establishment of thermodynamics and statistical physics, the development of temperature scales, and the
invention of the steam engine.

(II) Achievements concerning chemical phenomena at the atomic level, including the discovery of
elements, completion of the periodic table, formulation of phlogiston and oxidation theories,
accomplishments in electrochemistry, photochemistry, and radiochemistry, as well as major breakthroughs
in organic chemistry.

(IV) Achievements concerning electromagnetic phenomena at the atomic level, including electrostatic
and magnetostatics phenomena, electromagnetic induction, the discovery of electromagnetic waves and
electrons; the establishment of Maxwell’s equations, electrodynamics, special relativity, and quantum theory.

(V) Achievements concerning strong and weak interactions at the nuclear level, including the discovery
of nuclear radioactivity, fission reactions, and chain reactions; the development and application of reactors,
accelerators and atomic energy; and major advances in quantum mechanics (QM), quantum electrodynamics
(QED), and quantum chromodynamics (QCD).

By arranging these scientific achievements chronologically according to their discovery years and
calculating the proportion of each category relative to the total achievements per decade, we obtain the
chronological curve of microscopic scientific achievements as shown in Figure 1.

! Chronology of Major Events in Natural Sciences, Shanghai People’s Publishing House, 1975. (In Chinese)
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Note 1. I: Mechanical energy at the macroscopic scale, II: Thermal energy at the molecular scale, III: Chemical energy at the
atomic scale, IV: Electromagnetic energy at the atomic scale, V: Nuclear energy at the nuclear scale.

Note 2. The scale of Figure III (50%) is twice that of the other figures (25%) because its number of events accounts for half of
all events.

Comparative analysis of these five scientific achievements reveals that each chronological curve
exhibits its own peak zone. In other words, each spatial scale of matter produces a “rich mineral deposit” of
scientific achievements during specific historical periods. For instance, the classical mechanics era from 1540
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to 1720 accounted for over 20% of all achievements during that timeframe. The thermodynamics boom from
1680 to 1740 also saw over 20% of achievements. The chemistry boom from 1730 to 1820 accounted for
more than a quarter. Electromagnetism achievements from 1810 to 1920, along with nuclear and particle
physics after 1920, dominated science in their respective eras.

Interestingly, the peak periods across different spatial scales of matter emerged sequentially:

Classical mechanics — Thermodynamics — Chemistry —
Electromagnetism — Nuclear physics and particle physics...

Although peaks at adjacent levels sometimes overlap, the overarching trend shows that scientific peaks
emerge sequentially across spatial scales, each lingering only for a finite duration.

This phenomenon suggests that the process of scientific discovery resembles mining. Just as nature has
deposited diverse minerals for humanity across geological eras, it has similarly scattered a wealth of scientific
treasures across different spatial scales of matter. Scientific research is the activity of mining these treasures.

In the long river of scientific history, discoveries may appear random to individual scientists, yet they
are inevitable for human society. This inevitability manifests first in the question of whether certain scientific
treasures are “mineable” or “unmineable” during specific historical periods. If the evolution of scientific
structures transforms a particular discipline (or disciplines) into a “rich mineral deposit” of science, then that
discipline (or disciplines) becomes mineable for scientific exploration. Scientists who select topics within
this field and conduct diligent research will inevitably achieve fruitful results. Indeed, as Dirac observed: “It
was very easy in those days for any second-rate physicist to do first-rate work” [2!. Conversely, if a particular
discipline lacks the conditions to become a “mineable discipline” during a specific historical era, even the
world’s most brilliant intellects cannot achieve decisive progress in that domain. This becomes immediately
apparent when examining Einstein’s research on unified field theory !, Einstein undoubtedly possessed
world-class intellect, yet he ultimately failed to penetrate the thick bedrock of unified field theory.

Therefore, we refer to the following phenomenon as the “mineable phenomenon” of scientific discovery:
at any given historical epoch, one (or several) spatial scales (or forms of motion) of matter in nature invariably
become the main focus of scientific research—a “rich minerals zone” for scientific achievements. This
mining phenomenon manifests the historical logic of scientific discovery through a unique statistical pattern.
It represents the process by which the arc of human intellect continuously scans deeper into different spatial
scales of matter.

In fact, every nation’s scientific and technological catch-up has consciously or unconsciously leveraged
this law of the “mineable phenomenon”. For instance, during Britain’s mid-17th-century era of rapid
advancement, mechanics was the mineable discipline. The professional composition of British scientists at
that time clearly reflected mechanics’ relative dominance. By 1710, 53% of British scientists were engaged
in mechanical research. Similarly, in 19th-century Germany, which was competing with France for global
scientific supremacy, chemistry and electromagnetism were the dominant fields. By 1870, 30% of German
scientists were deployed in chemistry, and 21% in electromagnetism. By seizing these dominant sciences like
striking rich mineral deposits, German scientists produced a wealth of scientific achievements. In contrast,
while 18% of French scientists made significant contributions to chemistry, they were notably
underrepresented in electromagnetism (only 7%). Consequently, France watched helplessly as Germany
claimed many groundbreaking achievements in this field—such as the discovery of electromagnetic waves,
cathode rays, and X-ray.

This demonstrates that selecting of mineable disciplines is a critical issue influencing a nation’s strategic
decisions in scientific development.

I1. The shift direction of mineable discipline

It should be noted that the direction of disciplinary shifts cannot be determined solely by the depth of a
single spatial scale because nature is complex. It not only encompasses an infinite number of spatial scales
but also an infinite variety of forms of motion, such as mechanical energy, thermal energy, chemical energy,
electrical energy, magnetic energy, electromagnetic energy, light energy, nuclear energy, and so on. These
forms of motion often permeate across spatial scales of matter. For instance, the random thermal motion of
particles exists at both the molecular and atomic levels, as well as at the macroscopic and cosmic scales.
Conversely, a single spatial scale encompasses multiple forms of motion. At the molecular level, for example,

2 P.A.M. Dirac, Directions in Physics, John Wiley, 1978.
3 A. Einstein: The Collected Papers of Albert Einstein, Volume 1.
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it includes mechanical motion (molecular translational and vibrational motions) alongside thermal motion
(random motion of molecules); it encompasses both electromagnetic energy (e.g., molecular spectroscopy)
and nuclear energy (e.g., fission reactions). Therefore, to determine the transition of a particular discipline
across different spatial scales, one must analyze the influence of the distinct forms of motion contained within
each level. In other words, one must examine how the excitation and utilization of different energies within
a specific level affect the mineable discipline.

Analysis indicates that within a given spatial scale of matter, the shift of mineable discipline also follows
a certain direction of advancement. The overall trend is that mineable discipline often progresses from regions
with lower average binding-energy toward those with higher average binding-energy. The primary reason for
this trend lies in the advancement of experimental equipment used by humanity from low-energy to high-
energy systems.

For instance, the history of element discovery vividly illustrates humanity’s mining direction at the
atomic level.

As early as in ancient times, people learned to use mechanical energy to mine and extract ores. Later,
with the invention of fire, they began using thermal energy to smelt ores and cast metals. During this period,
elements such as gold (Au), silver (Ag), copper (Cu), iron (Fe), lead (Pb), mercury (Hg), zinc (Zn), antimony
(Sb), nickel (Ni), sulfur (S), and carbon (C) were discovered. By the 18th century, with significant advances
in chemistry, people began extracting elements through chemical energy methods. Elements like phosphorus
(P), arsenic (As), bismuth (Bi), hydrogen (H), nitrogen (N), oxygen (O), manganese (Mg), chromium (Cr),
and tungsten (W) all emerged during this historical period. In 1800, following Nicholson’s invention of the
“electrolysis of water”, people began using electrical energy to separate elements. Sodium (S), potassium
(K), calcium (Ca), magnesium (Mg), strontium (Sr), barium (Ba), beryllium (Be), along with boron (B),
silicon (Si), and fluorine (F), represent scientific mineral deposits excavated by humanity at the atomic level
using electrical energy. In 1860, Bunsen invented the spectroscope. Together with Kirchho, he used spectral
analysis to discover elements such as cesium (Cs), rubidium (Rb), thallium (TI), and indium (In). This marked
the opening of a new avenue for “mining” elements using light energy (i.e., electromagnetic energy). By the
late 19th and early 20th centuries, the discovery of radioactive phenomena and artificial synthesis methods
became effective means for humans to “mine” transuranic elements or other radioactive elements using
nuclear energy (see Figure 2).

Z  |Calcination Chemical analysis Electrolysis Spectroscopy Nucleosynthesis
2
()
=)
2
5]
G
o
5
Ka)
g
=
Z
1700 1800 1900 1950
Year (7)
Figure 2

The history of element discovery powerfully demonstrates that human exploration within the same
mater level predominantly progresses from regions of low binding energy toward those of high binding
energy. Interestingly, the increase in binding energy during this exploration is directly proportional to time
(era). Figure 3 demonstrates that the total atomic weight (equivalent atomic weight) of elements discovered
by humanity every half-century exhibits a linear relationship with time. Considering the mass-energy
equivalence (£ = mc?), the energy levels utilized by humanity also increase proportionally with time over
fifty-year intervals.
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Thus, we identify two parameters that sensitively influence the direction of mineable discipline: spatial
scale and energy level. From a long-term historical perspective and overall strategic viewpoint, mineable
discipline can be regarded as advancing simultaneously along two trajectories—one in spatial dimension and
one in energy dimension—whose composite direction is:

. {macroscopic scale — microscopic scale

A:
low energy — high energy

Indeed, the direction of mineable discipline A can be corroborated by the historical discovery years of
fundamental constants.

Figure 4 shows a Cartesian coordinate system with two qualitative parameters, spatial scale (Log r) and
energy level (Log E), as axes, which we refer to as “scale-level coordinates”.
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Note. I: Mechanical energy, II: Thermal energy, III: Chemical energy, I'V: Electromagnetic energy, V: Nuclear energy.
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The scientific achievements marked in Figure 4 represent fundamental constants and the years of their
discovery. These include the discoveries of gravitational acceleration (g) in 1590, the standard atmospheric
pressure (/) in 1643, absolute zero degree (K) in 1779, Avogadro’s constant (Np) in 1811, Boltzmann constant
(k) in 1874, the thermal equivalent of work (/) in 1847, Loschmidt constant (L) in 1863, the speed of light
(c) in 1879, Rydberg constant (R.) in 1890, the constant in Wien’s displacement law (V) in 1895, the
elementary charge (e) in 1913, Planck’s constant (%) in 1916, and so on.

Since these constants represent milestones in contemporary science during specific historical periods,
analyzing the chronology of their discovery reveals the direction of mineable discipline.

Clearly, the chronological sequence of these fundamental constants’ discovery strongly validates the
correctness of the mineable direction A. It also reveals the mineable discipline across different historical
periods:

Classical Mechanics — Thermodynamics — Chemistry —
Electromagnetism — Nuclear and Particle Physics —
This conclusion aligns with the historical analysis previously conducted by classifying scientific
achievements.

III. Conditions for the shift of mineable disciplines

We know that several key discoveries in scientific history represent epoch-making event, which mark
humanity’s advancement from one level of exploration to another. For instance, Newton’s discovery of the
three laws of motion in 1687 signaled the completion of mining mechanical energy at the macroscopic level,
initiating the exploration of thermal energy at the molecular level. The emergence of atomic-molecular theory
in 1811 and the discovery of Brownian motion in 1826 signaled the conclusion of mining at the molecular
level and the commencement of mining chemical energy at the atomic level. Subsequently, mining of
electromagnetic energy at the atomic level followed. The discovery of the electron in 1897 largely concluded
the mining of electromagnetic motion laws. Following 1913 (the establishment of X-ray spectroscopy), the
mining task of harnessing nuclear energy at the nuclear level commenced. Today, humanity is poised to mine
“new mineral deposit” at the quark level.

Extensive evidence indicates that the transition of a mineable discipline from one level to another hinges
on the discovery of fundamental energy conversion effects between various forms of motion within that level.
For instance, the shift from the molecular to the atomic level in the early 19th century followed this pattern.
By then, the vacuum pressure effect linking gravitation and mechanical motion had been discovered (1654),
and the steam engine connecting mechanical energy and thermal energy had been invented (1768); the redox
reaction linking thermal energy to chemical energy had been discovered (1783); even the voltaic cell
connecting chemical energy to electrical energy had been invented (1800). This signifies that the energy
conversion effects permeating various forms of motion at the molecular level had been largely “mined” to
completion. Only then could exploration at the atomic level commence.

Similarly, the shift from the atomic to the nuclear level in the late 19th century followed this pattern.
Before the fundamental energy conversion effects at the atomic level were fully “mined”, the discovery of
electrons proved difficult. However, once the following discoveries were made: the Joule heating effect
linking thermal energy to chemical and electrical energy (1843); the thermoelectric effect linking thermal
energy to electrical energy (1821) and its inverse effect (1834); the electromagnetic induction effect linking
mechanical energy to electromagnetic energy (1831); the piezoelectric effect linking mechanical and
electrical energy (1880); the photoelectric effect (1888) and photovoltaic effect (1877) linking light and
electrical energy; and the magnetoelectric effect linking electrical and magnetic energy (1879) —the secret
of the electron’s existence was gradually revealed from multiple angles. Particularly with the discovery of
Zeeman effect (1896), canal rays (1886) and Faraday effect (1833), three distinct approaches converged to
establish the identical charge-to-mass ratio (e/m), formally confirming the existence of the electron. This
epoch-making achievement signified humanity’s formal entry into the nuclear realm.

Thus, the discovery of fundamental energy conversion effects at a given level is a necessary condition
for that mineable discipline to advance to the deeper level.

The conditions for such disciplinary shifts align precisely with what Kedrov termed the “growth points
of science”—the “intersection of societal needs and scientific logic” [*. Here, “societal needs” manifest as
humanity’s demand for energy. While society’s scientific requirements also extend to materials and

4 B. M. Kedrov, On leading disciplines in natural science, The Future of Science, 1974. (The author Bonifaty Mikhailovich
Kedrov (borudaruit Muxaiinosua Kénpos, 1903 — 1985) was a Soviet philosopher. The literature is in Chinese and the
exact title and source of the original text was not found on the internet. — Translator’s note.)
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information, these ultimately serve to secure new energy sources. Thus, treating energy needs as society’s
fundamental scientific demand is fully justified.

Thus, we come to understand why the discovery of fundamental energy conversion effects represents a
turning point in the shifts of mineable discipline because humanity harnesses energy primarily through energy
conversion technologies—that is, by materializing these conversion effects. For instance: The electric furnace
was invented by applying the electrothermal effect; the electric motor was invented by applying the
electromagnetic induction effect; the phototube was invented by applying the photoelectric effect; the
electron tube was invented by applying the electro-vacuum effect; the battery was invented by applying the
electrochemical effect; and so on. These specialized technologies that embody the energy conversion effects
provide the driving force for social life while also offering more advanced experimental equipment for
scientific research. For instance, photoelectric technology enables the amplification of weak signals;
spectroscopic techniques allow the discovery of additional elements; and the splitting of spectral lines in
magnetic fields led to the discovery of electron spin, among other breakthroughs. The introduction of these
new experimental techniques, exploring the same unknown phenomenon from various angles, inevitably
leads to breakthroughs. This is akin to the epoch-making breakthrough achieved by simultaneously exploring
electrons from three directions: Faraday effect, Zeeman effect and the canal rays. Any single approach to
exploring the unknown encounters immense difficulties.

IV. The “back-mining” phenomenon

It should be noted that the shift direction of mineable discipline does not always progress from shallow
to deep. At times, scientific inquiry may move in the entirely opposite direction. That is, instead of mining
into deeper layers, researchers may return to previously explored layers for more extensive ‘“back-mining”.
For instance, the emergence of analytical mechanics at the macroscopic level in the mid-18th century
exemplifies such “back-mining”. At that time, the laws of mechanics at the macroscopic scale had been mined
for over a century, and the focus of research had shifted to thermodynamics. Yet, a large number of
achievements emerged within the realm of mechanics, resembling a reversal of the research direction.
Another example is the mid-19th century, when research shifted to chemistry and electromagnetism, but
thermodynamics and statistical physics experienced a “boom”, becoming the famous “back-mining period”
of thermodynamics. Similarly, chemical synthesis and condensed matter physics can be viewed as “back-
mining” phenomena in the early and mid-20th century.

The causes of these “back-mining” phenomena in scientific history are complex.

First, deeper exploration often reveals more profound underlying principles at shallower levels, enabling
researchers to revisit long-standing problems with fresh perspectives. For instance, the problem of specific
heats of solids was raised during the 18th-century thermal dynamics boom but remained unsolved at the time.
It wasn’t until the early 20th century, when the mineable discipline entered the nuclear level, that Debye
revisited it. This time, by employing quantum theory and accounting for the contributions of atoms and
electrons to specific heat, the problem was finally resolved in 1912. Such “back-mining”, as the deepens of
mineable discipline, is proactive and positive.

Second, when obstacles are encountered in mineable-discipline direction and further advancement is
prevented, i.e. when most of the energy conversion effects remain undiscovered, scientists must either
undertake large-scale shifts—transplanting existing scientific methods to other disciplines, as physics did to
astronomy and biology—or return to earlier levels for extensive back-mining, as seen in 19-century statistical
physics achievements. In such cases, the back-mining phenomenon is passive. Scientists remain active; when
formidable scientific capabilities cannot advance deeper, they inevitably expand laterally or in reverse,
seeking new breakthroughs.

Interestingly, the “back-mining” phenomenon appears in Figure 1 as a smaller peak following the main
mining peak. These correspond distantly to another category of smaller peaks preceding the main peak. We
refer to these smaller peaks preceding the main mining peak as the “attempt mining” phenomenon. Just as
kinematic experiments and theories emerged before Newtonian mechanics matured, studies of atmospheric
pressure phenomena preceded thermodynamics, gas chemistry research preceded chemistry, and
investigations into electrostatic and geomagnetic phenomena preceded electromagnetism—all can be viewed
as “attempt mining” phenomena at different levels. Research in “attempt mining” domains constitute entirely
new scientific frontiers, typically residing in the pre-science stage of gathering empirical facts and inductive
phenomenological theories. This stands in stark contrast to research in “back-mining” domains, which often
manifests as perfect theoretical systems and highly intellectual post-science forms [*1,

5 H.Z. Zhao (XZLJ), G.H. Jiang (¥ [E4£), The position of potential science in the structure of science, Potential Science,
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V. Order-of-magnitude analysis of advance rate of mineable discipline

So, how should we estimate the mining speed of the mineable discipline?

As indicated by V. F. Weisskopf’s quantum levels [¢] and other key references [7:*), the orders of
magnitude for various spatial scales and binding energies of matter are listed in Table 1, The binding energy
levels corresponding to various motion forms are listed in Table 2.

Table 1
Macr i . Molecular . Atomi . .
croscopic Median olecu Median omie Median Nuclear level Median
Level Level Level
Scale (cm) 10— 10 1032 10%4-1078 106 10810713 107212 10°83-10"1 10714
Level (eV) 10710— 105 107212 10— 107" 103 10— 10° 10! 10*— 106 10°
Table 2
Gravitat . . . . Electroma . .
ional Mechanical Median Thermal Medi Chemical Medi gnetic Medi Nuclear Medi
Energy Energy Energy an energy an energy an energy an
engglydg%,) 103 1016 10°3 1022 105-10" 107 10'- 10! 100 10-10° 10> 10*-108 106

If we examine these data at the “scale-level coordinate”, it becomes readily apparent that for different
spatial scales of matter, the product of their spatial scale and corresponding binding energy is a constant of
order of magnitude in qualitative [):

r-E~C (D
where, » denotes spatial scale, £ represents binding energy, and C is an approximate constant with a median
order of magnitude of approximately:

Cu~107%(cm-eV)
This constant qualitatively reflects the conservation of matter scales and energy levels in nature. It reveals
that the projection of nature onto the “scale-level plane” forms a series of regions with equal areas (see Figure
5).

1: Median value at the macroscopic scale
I1: Median value at the molecular scale
I111: Median value at the atomic scale
IV: Median value at the nuclear scale
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Figure 5

On the other hand, as we know from Figure 1, human intellect completes a full mining cycle across

Nos. 2 & 3 (1984). (In Chinese)
¢ V. F. Weisskopf, Knowledge and Wonder: The Natural World as Man Knows It. Doubleday, 1966.
7 F. W. Sears, et al., University Physics, Addison-Wesley Publishing Company, 1978.
8 F. Cajori, A History of Physics, The MacMillan Company, 1928.
 H.X. Zhang (5K *£%), On the hierarchy of nature, Proceedings of the National Conference on Dialectics of Nature, 1982

(In Chinese).
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spatial scales—from “attempt mining” to “main mining”, and then to “back mining”. This cycle spans
approximately 210 years at the macroscopic level (1540 to 1750), 220 years at the molecular level (1640 to
1860) and 250 years (1670 to 1920) at the atomic level’; the average cycle is 230 years. This indicates that
the scientific treasures within a mater level generally require nearly two centuries to complete a mining cycle
(note: not final completion).

Considering that the area of each “scale-level plane” is roughly equal (10~ cm-eV), it can be inferred
that human intellect sweeps approximately equal areas across different scales and levels within equivalent
time intervals (see Figure 5). The order of magnitude for this speed is approximately:

Ul =25 = 12D — 10-18 emeevs 1) )
where T'is chosen as 10* years, approximately equal to 10 seconds.

VI. What is the contemporary mineable discipline?

Now, a widely debated question is: What is the contemporary mineable discipline?

Answering this question is quite challenging. However, by analyzing the development of physics based
on the transfer conditions of mineable disciplines and mining speeds, we can discern certain trends.

As is well known, after nuclear physics as mineable discipline dominated the field for roughly half a
century this century, not only has nuclear theory advanced significantly, but atomic energy technology has
also been widely applied across all spheres of social life. Nevertheless, it must be recognized that several
fundamental direct energy conversion effects at the nuclear level remain unexplored to this day, such as: (1)
the conversion effect between thermal energy and nuclear energy, (2) the conversion effect between
chemical energy and nuclear energy, (3) the conversion effect between electrical energy and nuclear
energy, (4) The conversion effect between magnetic energy and nuclear energy, (5) the conversion effect
between mechanical energy and nuclear energy, (6) the conversion effect between gravitational energy
and nuclear energy, and so on.

Under conditions for mineable disciplinary transition, it is impossible to shift disciplines prominently to
the quark level before these fundamental energy conversion effects are uncovered.

On the other hand, judging from the historical pace and cycles of mining across spatial scales and energy
levels of matter, the mining of nuclear level and energy is far from complete. On the contrary, this mining
may have only just begun. If we assume the mining cycle for each level spans approximately 230 years, then
nuclear mining—commencing in 1913—has only progressed through a little over seven decades to date,
falling short of even half a cycle. How can we then claim that the nuclear level is no longer a subject for
mining?

The problem is that nuclear physics research is currently facing difficulties. After a period of prosperity
in the mid-20th century, little progress has been made in the decades since. In particular, several fundamental
energy conversion effects at the nuclear level have yet to be discovered. This creates the impression that the
only way to utilize nuclear energy is through the current form of nuclear power plants—converting nuclear
energy into thermal energy, then converting thermal energy into electricity, and finally distributing electricity
to various aspects of social life through various energy conversion effects at the atomic level. If this were
truly the case, then God would be showing undue favor toward the nuclear level! While other levels possess
direct energy conversion effects, only the nuclear level lacks them—thus sparing humanity from greedily
exploiting the energy it contains.

If this is not the case, when might the energy conversion effects at the nuclear level be discovered? To
address this question, let us recall the history of discovering energy conversion effects at the atomic level. As
is well known, humanity’s mining of atomic-level energy began in the early 19th century (1811). By the mid-
19th century, humanity had only discovered the conversions between electrical and mechanical energy (1831),
electrical and thermal energy (1821-1834), and electrical and chemical energy (1800—1833). The conversions
between electrical energy and sound energy, light energy, magnetic energy, and others remained entirely
unknown. Following Faraday’s discovery of electromagnetic induction in 1834, a period of approximately
half a century passed without significant breakthroughs in the field of energy conversion. It was only toward
the end of the century that a series of conversion-effect discoveries occurred. These pivotal years—1877,
1879, 1886, 1888 and 1896. These fortunate years finally opened windows to various energy conversions at
the atomic level. Not only did humanity achieve efficient utilization of electrical energy, but the electron was
also discovered (1897), laying the groundwork for unlocking the nuclear realm.

* Specifically, at the atomic level, the mining period encompasses two forms of motion: chemical energy and electromagnetic
energy. The former spans 1670 to 1880 and the latter spans 1780 to 1920. Considering that both chemical and electromagnetic
energy are essentially the motion of electrons, they can be combined into a single 220-year period of spanning 1670 to 1920.
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History repeats itself in startling ways. After the discoveries of nuclear fission and thermal neutron chain
reactions in 1939 and 1942, respectively, nearly half a century passed without any groundbreaking
breakthroughs. Although humanity developed atomic bombs, hydrogen bombs and reactors, as mentioned
earlier, these achievements, from the perspective of their practical applications, merely represented the
discovery of one type of energy conversion effect—the nuclear-thermal conversion effect. A vast array of
other energy conversion effects remained undiscovered. The logic of history and nature may well have
destined the late 20th and early 21st centuries to be humanity’s most luminous era. In the blink of an eye, one
nuclear energy conversion effect was uncovered, and another may soon follow. Only then will humanity be
able to proudly declare: We have finally mastered nuclear energy!

Various direct nuclear energy conversion effects will not only provide humanity with diverse energy
powers but also furnish abundant experimental tools for scientific research. When scientists of that era look
back on present-day people who know only how to relentlessly “collide” particles using accelerators, they
will surely find our current mindset rather narrow. Then, when people look back on how today’s generation
reacts with passionate cries of “Nuclear Free, Planet Happy!” at the mere mention of the term, they will
surely find it laughable. For the experimental apparatus provided by various nuclear conversion effects will
have long since resolved the issue of nuclear radiation. There will be no need whatsoever to worry about the
consequences of nuclear utilization. Nuclear scientists will become the true Prometheus!

Therefore, our conclusion is that nuclear science remains a crucial discipline worthy of contemporary
mining. Currently, active fields in physics—such as quark physics and condensed matter physics
(encompassing lasers, semiconductors, amorphous materials, superfluidity, superconductivity, and
nonequilibrium theory)—can be regarded as the most prominent “attempt mining” and “back mining”
disciplines of our era, respectively.

VII. Discussion

The fundamental question lies in how much the issues we discuss at the microscopic level—such as
mining phenomena, mining directions and mining speeds—apply to cosmological disciplines (like astronomy)
and to the life sciences (e.g. biology, anthropology, medicine and psychology).

1. The mining phenomenon in astronomy

Analysis indicates that major scientific achievements in the cosmic realm also exhibit the phenomenon
of “main mining” to a certain degree. This becomes evident by categorizing the 579 major accomplishments
listed in the Chronology of Major Events in Natural Sciences ! into four groups (Earth, Solar System, Stars,
Galaxies) and then unfolding them along a timeline, yielding Figure 6.
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Note. The scale value for Figure I is doubled (50% of the scale value for other categories is 25%) because its events account
for half of all events.

As shown in Figure 6, on the cosmic scale, the period from 1601 to 1730 marked the golden age of the
Earth and planetary research; the years 1750 to 1840 were a fruitful era for solar physics and astronomy;
1801 to 1950 saw stellar astronomy establish its own “rich mineral zone”; after 1920, achievements in
galactic astronomy and cosmology became the focal point of the field. This historical trajectory reveals that
human exploration in the cosmic realm, unlike that in the microscopic, progresses from the macroscopic level
toward the cosmos. Specifically, the levels escalate from small to large, and energy likewise increases from
low to high. This becomes immediately apparent by observing the progressive rise in energy levels within
optical astronomy, radio astronomy, X-ray astronomy, y-ray astronomy and nuclear reaction theories in stellar
evolution. Thus, we identify two primary directions for the science of abiotic matter: one pointing toward the

cosmic realm (z‘Tz), and one toward the microscopic realm A (see Figure 4).
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2. The science of biotical matter
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Figure 7 (top) and Figure 8 (bottom)

The science of biotical matter encompasses microbiology, botany, zoology, anthropology, medicine,
psychology and more. Having matured later, these disciplines are influenced by material science —
particularly physics — in their methodologies, scientific concepts, experimental approaches, and
instrumentation. Therefore, while each science of biotical matter possesses its own intrinsic developmental
logic, they are all influenced to varying degrees by the prevailing laws of the microscopic and cosmic realms.
Figures 7 and 8 illustrate this influence. For instance: the discovery of the cell nucleus in 1831, the discovery
of DNA in 1869, the discovery of bacteria in 1881, research on cell membrane potential in 1902, and the
discovery of the double helix structure of nucleic acids in 1953, among others. The historical sequence of
these discoveries reveals that the science of biotical matter has, to a certain extent, advanced along a path of
micro-level exploration.

For example, in 1727 and 1733, research on the statics of plants and anatomy of animal; in 1771 and
1782, studies on the principles of respiration in animals and plants; the discovery of electroencephalogram
(EEG) in 1875; research on plant photosynthesis in 1884; studies on radiobiology (artificial mutation) in
1927, and so on. This sequence of research marks the science of biotical matter, advancing along the
trajectory of mechanical energy — thermal energy — chemical energy — electromagnetic energy — nuclear

12



energy.

To describe the science of biotical matter, we must introduce the evolutionary axis (Log 7) to form a
three-dimensional coordinate system alongside the spatial-scale axis (Log r) and the energy-level axis (Log
E). The Log T data is provided in Table 3 [1*-11]:

Table 3
W ~ 6% 10° ~ 2% 10° ~ 7% 10% ~ 106 ~ 5% 103 +2x 10°
Discipline
Microbiology Mlslrg::s &
Botany Gymnosperms
Zoology Reptiles Mammals
Anthropology Ape-man
Ancient
Sociology ?&gﬁg_ﬂ
Society
Technology Artificial Nature

As shown in Figure 9, the overall pattern of scientific discovery is a multidirectional scientific endeavor
dominated by the microscopic direction of abiotic matter. Although the scientific direction of biotical matter
and the macroscopic direction of abiotic matter each have their own mining paths and speeds, both continue
to be strongly influenced by the microscopic direction of abiotic matter. This is specifically manifested in the
influence of physics’ progress on all scientific disciplines. As long as the nuclear-level energy conversion
effect remains undiscovered, the impediment to “main mining” at the nuclear level will persist.
Therefore, human intellect, beyond redirecting toward the “back mining” of abiotic matter, is likely to flow
extensively into the science of biotical matter—such as biology, psychology, and life sciences. Moreover,
within the logical plane of sociology, a vast scientific community intersecting with the aforementioned natural
sciences will emerge. The current global surge in the fields of science studies, systems science, management
science, and leadership science serves as proof of this.

Civilization

Humans »

Thermal Chemical Eleciric Nuclear
Energy

aa

-~ Log I
Vl;trn .
-5 prMolecule .
v

’“}{Mum

N s
s -15pNucleus

10°8.G. Li (Z=PYJ%): Astronomy, Geology, and Paleontology. China Science Pub., Beijing, 1972. (In Chinese)
IR, K. Balandin, Time-Earth-Brain, Minsk: Vysheishaya Shkola, 1979. (In Russian)
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I: Mechanical energy at the macroscopic scale

II: Thermal energy at the molecular scale
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