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Abstract

This study models the cyclical rise and fall of Chinese dynasties through
the interplay of power and corruption using the Van der Pol equation. It
captures the historical pattern where dynasties emerge with low corrup-
tion and rising power, reach a peak, and collapse as corruption undermines
authority. The Van der Pol model, known for generating self-sustaining
cycles, reflects how early dynastic reforms drive rapid power growth, while
increasing corruption accelerates decline and collapse. The system then
resets, mirroring the continuous rise and fall observed in Chinese his-
tory. Additionally, the study analyzes the evolution of the system’s total
energy, revealing how power and corruption interact to drive cycles of
expansion, instability, and collapse. Simulations further show how cor-
ruption feedback intensity influences the length and stability of dynastic
cycles, explaining why some dynasties, like the Han and Tang, endured
longer than others, such as the Song and Ming. This research offers a
quantitative framework to understand the repetitive nature of dynastic
cycles driven by power and corruption.

1 Introduction

Throughout Chinese history, dynastic cycles have unfolded in a familiar rhythm
of rise, peak, decline, and collapse, driven by the interplay between power and
corruption. From the Han and Tang Dynasties, known for their periods of
prosperity and centralized authority, to the Ming and Qing Dynasties, which
collapsed under the weight of internal corruption and external pressures, the
pattern of dynastic rise and fall has repeated for millennia. Each cycle begins
with a strong central authority, where reforms, efficient governance, and mili-
tary expansion fuel the rapid growth of power. However, as power consolidates
within the ruling elite, corruption inevitably follows, spreading through the bu-
reaucracy and weakening the state from within. Over time, the system reaches a
tipping point where corruption undermines the very institutions that once sup-
ported power, causing instability, rebellion, and ultimately collapse. From these
ashes, new dynasties emerge, often repeating the same pattern, illustrating the
cyclical nature of power and corruption in Chinese history.



This study seeks to mathematically model these dynastic cycles using the
Van der Pol equation, a nonlinear oscillator known for producing self-sustaining
cycles. In this framework, we define corruption (x) as the driving variable
that shapes the trajectory of power (y), which acts as the dependent variable.
The Van der Pol equation, originally developed to model electrical circuits, is
uniquely suited to capture the nonlinear dynamics inherent in dynastic cycles.
Specifically, the equation’s negative damping term models how, in the early
phases of a dynasty, low corruption allows power to grow unchecked, creating a
period of rapid expansion and stability. Conversely, its positive damping term
represents the destructive force of corruption, which accelerates decline as it
spreads, draining power and driving the state toward collapse. This built-in
feedback mechanism ensures that the system never settles into equilibrium but
instead oscillates continuously, mirroring the rise and fall of dynasties.

The Hamiltonian analysis of the Van der Pol system, which tracks the total
energy-like quantity of the cycle, provides further insight into the dynamics
of power and corruption. As a dynasty grows, it accumulates kinetic energy
(from power) and potential energy (from corruption), but the system becomes
unstable as corruption overwhelms power, causing a rapid loss of energy and
collapse. The cyclical return of the Hamiltonian to a lower state after each
collapse represents the resetting of the system, akin to the end of one dynasty
and the beginning of another.

Through simulations and detailed mathematical derivations, this study will
show how the Van der Pol equation effectively captures the full trajectory of
dynastic cycles, from initial consolidation to peak power and eventual collapse.
It will also demonstrate how changing parameters—such as the intensity of
corruption feedback (u)—can alter the length and stability of dynastic cycles,
providing insights into why some dynasties lasted centuries while others col-
lapsed within decades. Ultimately, this research aims to bridge mathematics
and history, offering a compelling model that explains why, throughout Chinese
history, power has always risen and fallen under the shadow of corruption.

2 Model Setup

The Van der Pol system is represented by:

ds
dtiy’

d

T

where:

e 1 is corruption, reflecting the level of bureaucratic exploitation and societal
unrest.

e y is power, representing the dynasty’s central authority and influence.



e i is a positive parameter that controls the intensity of corruption feedback
on power.

The historical trajectory of Chinese dynasties can be profoundly under-
stood through the interplay between corruption and power, two forces that have
shaped the rise and fall of dynastic rule for millennia. At the inception of a new
dynasty, corruption is typically at its lowest. This period is often characterized
by the aftermath of the collapse of the previous regime, where corruption had
reached unsustainable levels, leading to widespread social unrest, rebellion, and
ultimately the overthrow of the existing power structure. The new dynasty,
having learned from the mistakes of its predecessor, introduces reforms aimed
at reducing corruption, restoring order, and centralizing authority. With cor-
ruption at minimal levels, the state apparatus functions efficiently, resources are
allocated effectively, and the population generally experiences a period of rela-
tive peace and prosperity. This low level of corruption creates an environment
where power can grow rapidly, allowing the dynasty to consolidate its rule, ex-
pand its territories, and strengthen its influence both internally and externally.

As power becomes more centralized, the very mechanisms that allowed for
its growth begin to foster corruption. The concentration of power in the hands
of a few creates opportunities for exploitation, bribery, and favoritism. Officials,
once motivated by the ideals of reform and service, start to prioritize personal
gain over public good. The bureaucracy, initially established to maintain order
and ensure efficient governance, becomes bloated and corrupt. With power cen-
tralized, the ruling elite often becomes detached from the needs and concerns of
the general population, leading to policies that serve their own interests rather
than those of the state or its people. This rise in corruption is gradual but
persistent, and as it grows, it begins to erode the very foundations of the dy-
nasty’s power. Economic resources are siphoned off by corrupt officials, military
effectiveness is compromised, and social unrest begins to simmer beneath the
surface.

Over time, corruption reaches a point where it becomes unsustainable. The
inefficiencies and injustices created by widespread corruption weaken the state’s
ability to govern effectively. Tax revenues dwindle as officials embezzle funds,
infrastructure deteriorates due to mismanagement, and the military becomes
underfunded and demoralized. The population, burdened by heavy taxation
and oppression, becomes increasingly disillusioned with the ruling dynasty. Re-
bellions and uprisings, initially small and localized, gain momentum as more
people join the cause. The ruling elite, now more focused on preserving their
own wealth and power than addressing the root causes of discontent, often re-
sponds with repression rather than reform, further fueling the cycle of unrest.
Eventually, the dynasty’s power is dragged down by the weight of its own cor-
ruption, leading to its collapse.

The collapse of a dynasty, while often accompanied by violence and chaos,
paves the way for the emergence of a new regime. As the old dynasty falls, a
new power rises from the ashes, often led by a charismatic leader who promises
to eradicate corruption and restore order. The cycle begins anew, with the
new dynasty implementing reforms to reduce corruption, centralize power, and



restore stability. However, as history has shown time and time again, this initial
period of low corruption and growing power is inevitably followed by the gradual
rise of corruption, leading to the eventual decline and collapse of the dynasty.
This cyclical pattern of rise, centralization, corruption, and collapse has defined
Chinese history for centuries, highlighting the delicate balance between power
and corruption in maintaining a stable and enduring regime.

3 Detailed Derivations of Main Results

3.1 Deriving the Dynamics

From the first equation

dx
at Y
we see that corruption grows in direct response to power. As power expands,
so does corruption, albeit with varying intensity depending on u.

The second equation % = u(1 — 2?)y — x offers profound insight into the
dynamics between power and corruption in the context of Chinese dynastic
cycles. This equation, which models how power changes over time, consists of
two essential components that capture the delicate balance between a dynasty’s
authority and the corruption that inevitably undermines it.

The first component, u(1 — 22)y, introduces a nonlinear feedback mecha-
nism that adjusts the growth of power based on the current level of corruption.
In the early stages of a dynasty, corruption is typically low, making (1 — x2)
approximately equal to 1. Under these conditions, power grows almost expo-
nentially, symbolizing the rapid consolidation of authority often seen when new
regimes rise after the collapse of a corrupt predecessor. The leaders of a newly
established dynasty implement reforms, reduce corruption, and build a stable
administrative system, allowing power to flourish without significant resistance.
However, as the dynasty matures and power becomes more centralized, oppor-
tunities for corruption multiply. As corruption grows, the term z2 increases,
reducing the value of (1 — 22) and thereby slowing the growth of power. This
phase reflects a period when a dynasty’s authority is still formidable, but signs
of administrative decay begin to surface as officials exploit their positions for
personal gain, and the initial momentum of reforms starts to fade.

When corruption reaches critical levels, the value of (1 — x?) becomes nega-
tive, meaning that rather than contributing to power growth, corruption actively
suppresses it. This marks the decline of the dynasty, a period characterized by
widespread inefficiency, economic mismanagement, and social unrest. The non-
linear feedback term, which once fueled the expansion of power, now accelerates
its downfall, illustrating how unchecked corruption can destabilize even the most
powerful regimes. This dynamic highlights the inherent instability in any system
where power is highly concentrated and susceptible to corrupt practices.

The second component, —z , serves as a direct damping force on power. Un-
like the nonlinear feedback term, which depends on both corruption and power,



this term exerts a constant downward pressure on power as corruption increases.
Even in the early days of a dynasty, when corruption is relatively low, this term
ensures that power growth is not entirely unchecked. It acts as a subtle, ever-
present force that continuously undermines authority, no matter how strong or
stable the regime appears. As corruption escalates, this damping force becomes
more pronounced, pulling power down with increasing intensity. This term un-
derscores the persistent tension between power and corruption—while power
seeks to sustain itself, corruption continuously erodes its foundation. Historical
records of Chinese dynasties are replete with instances where burgeoning corrup-
tion within the bureaucracy, unchecked nepotism, and widespread exploitation
steadily weakened even the most robust political structures.

Together, these two terms create a dynamic interplay that mirrors the rise
and fall of Chinese dynasties. In the early stages, low corruption enables power
to grow rapidly. As corruption begins to take root, the growth of power slows,
and eventually, the system reaches a tipping point where corruption becomes
unsustainable, leading to the decline of power. Finally, the collapse of a dy-
nasty purges the system of corruption, allowing a new regime to emerge and
the cycle to begin anew. This self-regulating mechanism ensures that no dy-
nasty can maintain absolute power indefinitely, reflecting the historical reality
of continuous dynastic change in China.

This analysis reveals that the decline of dynasties is not merely a consequence
of external invasions or economic failures but is deeply rooted in the internal
dynamics of power and corruption. The Van der Pol equation, through its non-
linear feedback and direct damping terms, elegantly captures the inevitability
of this cycle, providing a compelling mathematical model for understanding one
of history’s most enduring phenomena.

3.2 The limit cycle

The concept of a limit cycle in the interaction between power and corruption
perfectly captures the cyclical nature of Chinese dynastic history. A limit cycle
refers to a stable, recurring trajectory in a dynamic system, meaning that the
system continuously oscillates through a predictable pattern without settling
into a fixed equilibrium. In the context of dynastic cycles, this interplay ensures
that no regime remains permanently stable or permanently collapsed; instead,
it moves through phases of growth, peak, decline, and renewal, driven by the
changing levels of power and corruption.

At the beginning of the cycle, corruption is minimal, often because a new
dynasty emerges from the collapse of a previous regime plagued by excessive
corruption. This initial phase is characterized by strong leadership, administra-
tive reforms, and an emphasis on restoring order and efficiency. With corruption
at low levels, the governing system operates smoothly, enabling power to grow
steadily. The dynasty consolidates its control, expands its influence, and es-
tablishes a robust infrastructure, reflecting a period of relative prosperity and
stability.



However, as power centralizes and expands, it creates opportunities for cor-
ruption to take root. The very process of consolidating power often involves
rewarding loyal supporters with positions of influence, which can lead to fa-
voritism and exploitation. As the state becomes more bureaucratic, officials
begin to prioritize personal gain over public service, leading to a gradual in-
crease in corruption. This phase sees power reaching its zenith, but beneath the
surface, corruption starts to undermine the administrative machinery, diverting
resources and fostering inefficiency.

As corruption rises, its detrimental effects on governance become more pro-
nounced. The growth of power, which was once rapid and unchecked, begins to
slow down. Resources are misallocated, the population becomes disillusioned,
and the military, often essential for maintaining authority, becomes weakened
by inadequate funding and corrupt leadership. Eventually, high levels of cor-
ruption make it impossible for power to sustain itself, leading to a decline in
the dynasty’s influence and control. This phase is marked by internal strife,
economic decline, and external threats that the corrupt regime is ill-equipped
to handle.

The final stage of the cycle occurs when power collapses under the weight
of widespread corruption. The dynasty’s authority is challenged by rebellions,
invasions, or internal coups, resulting in its downfall. However, the collapse also
leads to a significant reduction in corruption, as the corrupt regime is dismantled
and its key figures are often purged. With corruption at its lowest point once
again, the conditions are set for the cycle to restart. A new dynasty emerges,
promising reforms and stability, and the process of power growth begins anew.

This limit cycle is a fundamental characteristic of Chinese dynastic history,
where each phase feeds into the next in a continuous loop. The dynamic in-
terplay between power and corruption ensures that while periods of stability
and prosperity are possible, they are inherently temporary, as the seeds of cor-
ruption are sown within the very process of consolidating power. This cyclical
pattern, vividly captured by the mathematical model of a limit cycle, highlights
the inevitability of rise and fall in complex political systems, particularly those
characterized by centralized authority and vulnerable to corruption.

4 Simulation and Intuitions

The phase space plot shows a closed loop, indicating that dynastic cycles are
self-sustaining, with corruption and power continuously influencing each other.

The simulations illustrate:

e Corruption (red) grows alongside power but eventually destabilizes the
system.

e Power (blue) follows a cycle of growth, peak, and decline as corruption
becomes dominant.

Key insights:

e High corruption always undermines power, leading to cyclical collapses.
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Limit Cycle of Van der Pol System (Corruption vs. Power)
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Figure 3: Limit Cycle of Van der Pol System (Corruption vs. Power)

e Low corruption allows power to grow, but unchecked, corruption inevitably
increases.

e Adjusting changes the speed of these cycles, reflecting how different his-
torical periods experienced varying lengths of dynastic stability.

The limit cycle in the Van der Pol system provides a powerful visualiza-
tion of the cyclical relationship between corruption and power, which closely
mirrors the patterns observed in Chinese dynastic cycles. In the phase space
diagram, each trajectory traces how power and corruption interact over time,
with the system ultimately settling into a closed-loop orbit known as the limit
cycle, representing the repeating pattern of rise, peak, decline, and collapse that
characterizes dynastic history.

The diagram shows multiple trajectories, each starting from different ini-
tial conditions, but all converging onto the same closed loop, which forms the
limit cycle. These trajectories represent various possible historical outcomes
for a dynasty depending on its initial levels of corruption and power. Despite
their different starting points, every trajectory ultimately reaches the same or-
bit, highlighting that all dynastic cycles follow a predictable pattern of growth,
corruption, collapse, and renewal. This convergence occurs because the Van der
Pol system has a stable limit cycle, meaning that whether a dynasty begins from
a period of relative order or chaos, it will inevitably be drawn into the same
cyclical pattern of ascent and collapse.



A closer examination of behavior near the equilibrium point (0,0) reveals the
nature of the system’s instability in its early phase. The equilibrium represents
a hypothetical state where both corruption and power remain constant, but the
system never settles there. Instead, trajectories near the equilibrium diverge
outward, indicating that small disturbances lead to rapid growth in power and
corruption. This is because, near the equilibrium, the system exhibits negative
damping, meaning it feeds energy into power growth rather than dissipating it.
In historical terms, this phase corresponds to the early stage of a dynasty, when
a new regime, free from the corruption that toppled its predecessor, rapidly
consolidates power. Reforms are effective, governance is efficient, and power
grows swiftly due to low corruption and strong leadership.

As trajectories move further from the equilibrium, they begin to curve and
spiral, demonstrating how power growth triggers an increase in corruption. Over
time, the damping effect reverses, becoming positive as corruption increases.
This positive damping acts like a brake on power growth, causing the trajec-
tories to spiral inward toward the limit cycle. In this phase, corruption accu-
mulates and begins to undermine the structures that support power—officials
become self-serving, resources are mismanaged, and the state apparatus weak-
ens under the strain of inefficiency and exploitation. This phase corresponds to
the peak and decline of a dynasty, when power begins to falter under the weight
of corruption.

The system’s behavior outside the limit cycle is particularly revealing. When
the initial level of corruption is high, trajectories that start far from the center
do not spiral outward but instead spiral inward toward the limit cycle, reflecting
how even deeply corrupt regimes are eventually drawn into collapse and renewal.
This behavior is driven by positive damping, where energy dissipates from the
system as corruption overtakes power. As corruption grows unchecked, the
system experiences a rapid decline in power, reflecting the collapse phase of a
dynasty. The state becomes dysfunctional, vulnerable to rebellions, and unable
to maintain authority. This phase marks the end of the dynasty, where both
power and corruption collapse together, purging the system of the corruption
that caused its downfall.

The limit cycle itself—the closed-loop trajectory—represents the stable, re-
peating pattern of dynastic cycles. It is where the system ultimately settles,
continuously oscillating between periods of growth and collapse. On the limit
cycle, the system neither spirals inward nor outward but maintains a stable
orbit, illustrating the perpetual nature of dynastic rise and fall. Each rotation
through the limit cycle corresponds to a full dynastic cycle: the initial rise of
power with low corruption, the peak where corruption grows alongside power,
the inevitable decline as corruption overwhelms power, and the collapse that
clears the way for a new dynasty to emerge. The system repeats this pattern
endlessly, just as Chinese history is marked by continuous cycles of dynastic
change.

This mathematical model offers a profound historical interpretation of dy-
nastic cycles. Inside the limit cycle, where trajectories diverge outward from
the equilibrium, we see the early phases of a dynasty, characterized by strong



3D Trajectory of Van der Pol System (Time, Corruption, Power)

Figure 4: 3D Trajectory of Van der Pol System (Time, Corruption, Power)

reforms, low corruption, and rapid power consolidation. As the system settles
onto the limit cycle, it captures the middle phases, where power peaks but is ac-
companied by growing corruption, political infighting, and weakening authority.
Finally, outside the limit cycle, where trajectories spiral inward, represents the
collapse phase, characterized by corruption-induced state failure, loss of power,
and a purging of the corrupt regime, setting the stage for a new cycle to begin.

Thus the Van der Pol limit cycle offers a compelling mathematical analogy for
the inevitability and repetition of dynastic cycles. It captures how the interplay
of power and corruption drives history in predictable patterns, ensuring that no
dynasty lasts forever, and that each collapse plants the seeds for renewal and
the rise of the next regime.

5 3D trajectory

The time-series and 3D trajectory plots of the Van der Pol system with cor-
ruption (x) and power (y) vividly illustrate the cyclical nature of Chinese dy-
nastic history, where the forces of power and corruption interact to produce a
repeating pattern of rise, peak, decline, and collapse. These mathematical rep-
resentations mirror the well-documented patterns of dynastic change in Chinese
history, where strong centralized power inevitably gives way to corruption and
decline, only for the cycle to restart with the emergence of a new ruling power.

The time-series plot captures the rhythmic oscillation between corruption
(in red) and power (in blue) over time, providing a clear visual of the repeating
cycles of dynastic rise and fall. In the growth phase, we observe that corruption
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remains low while power surges upward, reflecting the early period of a dynasty
when reforms, efficient governance, and centralized authority foster rapid ex-
pansion and internal stability. This phase corresponds historically to periods
like the early Han Dynasty, where Confucian administrative reforms and the
abolition of harsh Qin laws allowed the empire to flourish with low corruption
and expanding power.

As time progresses, the system enters the peak phase, where power reaches
its maximum, but corruption begins to rise rapidly. This phase represents the
height of a dynasty, when the empire is powerful but starts to suffer from bu-
reaucratic inefficiencies and moral decay. The Tang Dynasty during Emperor
Xuanzong’s reign exemplifies this phase, as the empire reached its cultural and
military zenith but began to decline internally due to court corruption and
political intrigue, which would soon erupt into the An Lushan Rebellion.

Following the peak, the decline phase emerges, where corruption overwhelms
power, dragging it downward. Here, the time-series plot shows power plummet-
ing as corruption reaches unsustainable levels. Historically, this phase corre-
sponds to the late Ming Dynasty, when corrupt eunuch factions, heavy taxation,
and mismanagement of public funds led to widespread rebellion and internal
decay. The rising corruption eroded the state’s ability to govern, plunging the
dynasty into chaos and paving the way for its collapse.

Finally, the collapse and renewal phase occurs as power collapses and cor-
ruption declines. The sharp drop in both power and corruption represents the
end of the dynasty, often marked by peasant uprisings or foreign invasions, such
as the fall of the Ming Dynasty to the Manchu-led Qing. However, this collapse
also resets the cycle, as the removal of the corrupt regime clears the way for
a new power to emerge, restoring order and starting the pattern anew. This
cyclical pattern, where corruption drives the eventual collapse of power, is a
central theme of Chinese dynastic history.

The 3D trajectory plot, which charts corruption, power, and time, pro-
vides an even deeper insight into the dynamics of this system. Unlike the
two-dimensional time-series plot, the 3D trajectory forms a corkscrew pattern,
visually representing how corruption and power evolve together through time.
Early in the trajectory, the path rapidly expands outward, capturing the initial
rise of a new dynasty as power grows quickly with low corruption. However, as
time progresses, the trajectory forms a stable orbit known as the limit cycle,
where corruption and power continuously oscillate, locked in a perpetual pattern
of rise and fall. The corkscrew shape is significant because it highlights how the
cycle repeats indefinitely, with each rotation through the spiral representing the
lifespan of a dynasty, from founding to collapse.

This 3D perspective also shows how, over multiple cycles, the amplitude
and frequency of the oscillations can change depending on the dynasty’s abil-
ity to manage corruption. For example, the Han and Tang dynasties, which
maintained relatively low corruption through strong central institutions and re-
forms, show longer, more stable cycles, meaning their power lasted longer before
collapse. In contrast, dynasties like the Song and Ming, which struggled with
bureaucratic corruption and internal strife, show shorter, more frequent cycles,
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with power collapsing more quickly under the weight of corruption.

In the final stages of the spiral, the loops become tighter and collapse more
quickly, representing the late dynastic periods when corruption is extreme and
power rapidly collapses with little chance of recovery. The Qing Dynasty, for
example, entered this final phase during the 19th century, when rampant corrup-
tion within the bureaucracy, combined with external pressures from the Opium
Wars and internal rebellions like the Taiping Rebellion, caused the dynasty to
collapse rapidly, ending China’s imperial era.

Therefore, the time-series and 3D trajectory plots from the Van der Pol
system elegantly capture the dynamics of Chinese dynastic cycles, illustrating
how the interplay of corruption and power produces a predictable, repeating
pattern of rise, peak, decline, and collapse. These mathematical models align
closely with historical realities, from the long stable reigns of the Han and Tang
to the shorter, corruption-ridden cycles of the Song, Ming, and Qing. This
simulation not only visualizes the cyclical nature of dynastic history but also
highlights how corruption is both a consequence of power and a cause of its
collapse, ensuring that no dynasty lasts forever and that the cycle of history
repeats endlessly.

6 The Hamiltonian evolution

The Hamiltonian evolution of the Van der Pol system offers a deep understand-
ing of how power and corruption interact during the rise and fall of Chinese
dynasties. In this model, the Hamiltonian represents the system’s total energy-
like quantity, combining both kinetic energy (from power growth) and potential
energy (from corruption accumulation). By analyzing how this energy evolves
over time, we gain insight into the cyclical nature of dynastic prosperity, decline,
collapse, and renewal that has characterized Chinese history for millennia.
The Van der Pol system models the interplay between corruption (x) and

power (y)through two differential equations:
X

dat

O

These equations capture how dynastic cycles emerge naturally from the push-
and-pull relationship between corruption and power: when corruption is low,
power grows quickly, but as corruption increases, it gradually undermines power,
leading to collapse. After the collapse, the system resets, and the cycle repeats.

To understand the total energy dynamics of this system, we define a Hamiltonian—
a function representing the combined kinetic and potential energy. In this con-
text, the kinetic energy corresponds to the momentum of power (how quickly
corruption changes), while the potential energy represents the destabilizing in-
fluence of corruption, which grows quietly until it triggers collapse.

The kinetic energy is defined as:

T(y) = 3v°

This term reflects how power accumulates and drives the system’s motion.
When a dynasty is strong, with expanding military and economic influence, it
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gathers momentum, making it resistant to minor disruptions. During the Han
and Tang dynasties, for example, reforms, conquests, and efficient governance
increased the kinetic energy of the system, enabling the dynasty to maintain
power for centuries. However, just as momentum can carry a body forward
even as it begins to break apart, this energy also propels dynasties toward their
eventual decline when internal corruption grows unchecked.

The potential energy, which comes from corruption, is defined as:

V(z)=1a% — La3

The first term 51:2 represents the baseline cost of corruption, which grows as
corruption accumulates within the bureaucracy, weakening the state’s capacity
to govern. The second term —%x?’ is a nonlinear correction, which reflects how
corruption becomes increasingly destructive at higher levels. This term captures
how a corrupt bureaucracy, cronyism, and exploitation accelerate decline—a
reality evident during the late Ming Dynasty, when corruption crippled tax
collection, weakened the military, and left the state vulnerable to rebellion and
invasion.

Combining the kinetic and potential energy, we derive the Hamiltonian for
the Van der Pol system:

Hir,y) = 3y + Ja® — 428

This Hamiltonian represents the total energy of the system, encapsulating
how power (kinetic energy) and corruption (potential energy) interact to pro-
duce cyclical rises and falls. During periods of low corruption, power grows
unchecked, and the Hamiltonian rises steadily as both kinetic and potential en-
ergy increase. This phase corresponds to the early years of a dynasty, such as
the Han or Tang, when reforms, stability, and strong central authority allowed
the empire to expand and flourish.

As corruption accumulates, the system stores potential energy, increasing
the risk of sudden collapse. This accumulation is insidious—like a dam building
pressure behind it. Historical parallels can be found in the Song Dynasty, which,
despite advancements in commerce and technology, suffered from bureaucratic
corruption and factional infighting, steadily increasing the potential energy of
collapse. This phase corresponds to the Hamiltonian peaking as corruption
overtakes power, and the system becomes unstable.

When the nonlinear damping termy (1 — z2)y becomes dominant—meaning
corruption overwhelms power—the system begins to lose energy rapidly, plung-
ing into decline. The Hamiltonian, which once steadily increased, now oscillates
violently downward as power collapses and corruption consumes the state. The
late phases of the Ming Dynasty, marked by economic crises, corruption, and
rebellion, illustrate this process. The fall of the Ming in 1644, following the Li
Zicheng rebellion, is a classic example of the final collapse phase, where poten-
tial energy converts into destructive forces, and the dynasty is irreversibly torn
apart.

However, the collapse is not the end of the cycle. The Hamiltonian’s oscil-
latory nature ensures that after collapse, the system resets. With the corrupt
regime dismantled and power at its lowest, the potential energy from corruption
vanishes, returning the Hamiltonian to its lowest state. This phase of reset mir-
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Hamiltonian Evolution Over Time for Chinese Dynastic Cycles
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Figure 5: Hamiltonian Evolution Over Time for Chinese Dynastic Cycles

rors the early Qing Dynasty, where the defeat of the corrupt Ming bureaucracy
allowed for a period of consolidation and reform under Kangxi and Qianlong,
restarting the cycle anew.

Over time, the Hamiltonian shows a consistent oscillatory pattern, reflecting
how dynastic cycles repeat indefinitely. The interplay between kinetic energy
(power) and potential energy (corruption) ensures that while each dynasty is
unique, the pattern of rise and fall remains the same. Even when external
factors—such as Mongol invasions (Yuan Dynasty) or Western colonial pressures
(Qing Dynasty)—disrupt the cycle, the underlying power-corruption dynamic
continues to drive the system’s eventual collapse and renewal.

In summary, the Hamiltonian evolution of the Van der Pol system provides
a mathematical lens through which we can understand the cyclical nature of
Chinese dynastic history. It shows that no dynasty collapses randomly—collapse
is the inevitable result of accumulated corruption, which drains power until the
system can no longer sustain itself. Yet, collapse is not the end; it is merely the
reset point for the next cycle, ensuring that history repeats in a pattern of rise,
fall, and renewal.

7 Summary

This study has presented a mathematical model of Chinese dynastic cycles using
the Van der Pol equation, where corruption is the driving force and power is the
dependent outcome. It captures the historical pattern of rise, peak, decline, and
collapse, showing how dynasties typically ascend through low corruption and
growing power but ultimately fall as rising corruption undermines authority.
This collapse paves the way for the emergence of a new dynasty, restarting the
cycle.

The Van der Pol equation, known for generating self-sustaining cycles, pro-
vides an ideal framework for modeling these historical patterns. In the early
phase of a dynasty, low corruption allows power to grow rapidly, representing a
period of prosperity and expansion. As corruption increases, it begins to weaken
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the state’s foundations, accelerating the decline of power. Eventually, corrup-
tion overwhelms power, causing a sudden collapse. However, this collapse also
purges the system, reducing corruption and resetting conditions for a new dy-
nasty to emerge. The result is a repeating pattern where power and corruption
cycle indefinitely, closely reflecting the repetitive nature of dynastic cycles in
Chinese history.

Additionally, our study explores how the total energy of the system, known
as the Hamiltonian, evolves over time. This total energy combines the con-
tributions of power and corruption. During a dynasty’s rise and peak, energy
accumulates, driven by power growth and the building tension of corruption.
When corruption becomes dominant, it rapidly drains energy from the system,
causing power to collapse abruptly. This sudden energy loss mirrors the his-
torical reality of dynastic collapses, often triggered by internal decay, rebellion,
or invasion. After the collapse, both corruption and power return to low levels,
marking the beginning of a new cycle.

Furthermore, this study shows how changes in corruption feedback inten-
sity can influence the length and stability of dynastic cycles. For example,
dynasties like the Han and Tang, which managed corruption effectively, experi-
enced longer, more stable reigns. In contrast, dynasties like the Song and Ming,
plagued by rising corruption and internal strife, experienced shorter and more
turbulent cycles.

Through simulations, historical interpretation, and dynamic modeling, this
study offers a powerful perspective on dynastic rise and fall. It demonstrates
how power and corruption interact in a predictable, cyclical pattern, provid-
ing a deep, quantitative understanding of the forces that have shaped Chinese
dynastic history.
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