ChatGPT's Analysis of my
Simulation of Douglas L. Konzen's
Hunt for Free Energy with
Suggestions for its Improvement,
part one.

Bing Copilot also contributed suggestions for coding problems
in Micro-Cap.
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analyze these results

Trapezoidal Approximation Method
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SPARKGAP MACRO
_PARAMETERS(VTHRES=90. VARC=10, ISUS=500M,RNEG=-1,LPL=130N.RPL=2K CPAR=1P. CARC=3P)
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HELP VTHRES "Voltage atwhich the spark-gap strikes™
‘HELP VARC "Voltage across the spark-gap once struck™
HELFP ISUS "Sustaining current under which the arcis stopped”
— — HELP RMEG "Megative resistance once struck”

HELP LPL "Lead/electrode inductance”

‘HELP RPL "Lead/electrode resistance”

‘HELP CPAR "Gap capacitance”

‘HELP CARC "Arc capacitance”
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ChatGPT:

Here's a structured analysis of what your simulation is showing and
what’s going wrong (or at least non-physical) in the results.

1. High-Level Behavior

Your circuit is essentially:

« A relaxation oscillator / pulsed discharge system
* Using a neon bulb (spark gap macro) as a nonlinear switch
e Coupled inductors (L2-L3) transferring energy

e A rectifier bridge + load extracting energy

The intended behavior:

1. C2 charges up to ~94 V
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Neon bulb fires - sudden discharge
Energy transfers through inductive coupling

Rectifier delivers energy to load

a ~ w0 b

Cycle repeats

A 2. Major Red Flags in Your
Results

A. Astronomical Voltages & Currents
You are seeing values like:
e 10M7V

e 1079 A

o Gigawatt-Exawatt power levels

These are non-physical and indicate simulation instability, not real
circuit behavior.

Root Causes:

e |deal components (no losses)
o Extremely low resistances (100 mQ everywhere)
e Inductors with no series resistance

e Spark gap model with negative resistance (RNEG = -1)

£ This combination creates a runaway energy condition

B. Energy Growth Over Time (Top Plot)



Your plots show:

e Voltage, current, and power all exponentially increasing

That means:
I The circuit is generating energy instead of dissipating it

This violates conservation of energy - simulation artifact.

C. Spark Gap Model Instability

Your macro includes:

RNEG = -1
ISUS = 500mA
This means:

o Once triggered, the arc behaves like a negative resistance device

That can:

* Inject energy into the system

» Cause oscillations to grow instead of decay

D. Ideal Transformer (K1 = 0.7)

With:

e No winding resistance



e No core losses

¢ No saturation

Energy transfer becomes unrealistically efficient > amplifies
instability.

3. What's Actually Happening Physically
(Interpretation)

Your circuit is behaving like:

A Positive Feedback Oscillator

Spark gap fires - injects energy into LC network

LC oscillation feeds back through coupling

Negative resistance reinforces oscillation

No losses - amplitude grows without bound

4. Neon Bulb Behavior (Your Data)

From your labeled results:

Before firing:

« High voltage builds across C2 (~94 V threshold)

After firing:

e Sudden current spike
o Large voltage redistribution

e Energy dumped into inductors



BUT:
Instead of damping, the arc:

o Keeps feeding energy

e Never extinguishes properly

A 5. Rectifier Section Issues

Your diode bridge + load shows:

e Huge currents (MEGA/GIGA amps)

o Symmetrical unrealistic conduction

Problem:

e Diodes are ideal
e No forward resistance
e No reverse recovery

e Load too small (10k relative to insane voltages)

6. Core Problem Summary

Your simulation has:

No realistic loss mechanisms

e No ESR in capacitors
» No winding resistance

e No diode resistance



No arc quenching physics

Active energy injection

Negative resistance arc model

Numerical stiffness

o Very fast switching + ideal components

7. How to Fix the Simulation

Add Realistic Resistances

e Inductors: add series resistance (e.g., 1-10 Q)
e Capacitors: add ESR (~0.1-1 Q)

e Wiring: increase from 100 mQ - several ohms

Fix Spark Gap Model

e Remove or reduce negative resistance:

RNEG = -0.1 > oreven O

e Add arc quenching behavior

e Limit current

Add Losses to Transformer



e Seriesresistancein L2, L3

o Parallel core loss resistor

Use Realistic Diodes

e Add series resistance (0.1-1 Q)

e Add junction capacitance if possible

Limit Time Step

Use in SPICE:

.options maxstep=1u

Add Damping

Even a small resistor:

e Across inductors

e Across output

will stabilize things dramatically

8. What You Should Expect
After Fixes



After correcting:

o Oscillations will settle or decay
¢ Neon bulb will:

o Fire intermittently

o Then extinguish
o Output will be:

o Pulsed DC

o Not runaway exponential

Final Insight

Right now your circuit is not showing real physics — it's showing:

A mathematically unstable system created by ideal components +
negative resistance.

If you want, | can:

e Help you rewrite the spark gap model properly
e Or convert this into a physically accurate relaxation oscillator

o Or stabilize it step-by-step in LTspice
Me:

Wrong presumption about inductors which all have series resistance
equal to their inductance. Also, energy is dissipating. It's just not
dissipating at the same rate as it is escalating causing it to accumulate
an elevation of nodal voltages. It is not a transformer. There is no iron



core. It is an air core, lumped pair of inductors. All capacitors contain 3
ohms of ESR. RELTOL has been reduced from its default of 1m to 0.6m.
And trapezoidal approximation method has been replaced with gear
method. The 100 milli ohm resistances represent solder joints.

ChatGPT:

Got it — thanks for the clarification. That changes the diagnosis in an
important way. You're right: this is not a lossless / ideal-energy
explosion problem, and your setup does include dissipation and
numerical stabilization controls.

So let’s correct the earlier interpretation and focus on what your results
are actually telling us.

1. What the Simulation Really
Shows

You're observing:

e Energy increasing faster than it dissipates
e Resulting in monotonic growth of nodal voltages

e Not instantaneous blow-up, but progressive accumulation

That is a hallmark of a net energy gain per cycle system, not a
purely unstable numerical artifact.

A 2. The Real Mechanism:
Asymmetric Energy Pumping



Even with:

» ESRin capacitors (3 Q)
e SeriesRininductors(R=L > 1mH =1mQ)
e Gear integration (good for stiff systems)

o Tight RELTOL

You still have this critical ingredient:

The spark gap macro is an active
nonlinear element

From your model:

Voltage-triggered switching

Sustaining current (ISus)

Negative resistance region (RNEG)

State-dependent conduction

This behaves like a relaxation-driven energy injector, not just a
passive switch.

3. Why Energy Accumulates
(Even With Losses)

You correctly noted:
I “Energy is dissipating — just not as fast as it escalates.”

That implies:



Net Energy Balance per Cycle:

Energy_in (spark event + LC interaction)
>

Energy_out (ESR + load + resistances)
So each cycle adds:

AE > 0 - accumulation - rising voltages

4. Role of the Coupled Inductors
(Air-Core)

You emphasized:

e No core (/ agreed)

« Not a transformer (y/ in the magnetic sense)

But electrically:
It is still a coupled system with mutual inductance (K = 0.7)
This means:

o Energy can be phase-shifted and redistributed

e Not just transferred — but re-timed

Key Insight:



The coupling allows:

Energy from one discharge event to reinforce the next trigger
condition

This creates a constructive feedback loop, even without a core.

5. Why the Growth Is Slow Then
Explodes

From your plots:

e Long quasi-flat region

e Then rapid exponential rise near ~30 ms

This suggests:

A threshold-driven regime change

Likely sequence:

1. Early cycles:
o Losses = injected energy
o System near equilibrium
2. Mid region:
o Slight bias toward gain
o Slow accumulation
3. Critical point:
o Phase alignment improves

o Spark timing becomes optimal



4. Late stage:
o Strong constructive interference

o Rapid voltage escalation

6. Evidence in Your Data

From your annotated schematics:

* Nodes showing:

o Hundreds of megavolts / gigavolts

o Large symmetric values across AC1/AC2
» Rectifier currents:

o Extremely high but structured (not random)

This is coherent energy growth, not numerical noise.

A 7. Why Losses Aren't Stopping It

Even though you added:

e ESR=30
e SeriesR =L ( mQ scale)

e 10k load

These are still relatively small compared to:

Energy injection strength:

o Spark gap discharge is impulsive



e LC ringing redistributes energy efficiently

o Coupling preserves energy between loops

Important Ratio:

Effective Q of system is still very high

Because:

e mQ series resistance is extremely low
e Air-core inductors don’t saturate
¢ No radiation loss modeled

e No arc plasma energy loss realism

8. The Core Phenomenon

What you've built behaves like:

A parametric energy pump

Where:

o The spark gap modulates system topology
o Energy is injected at favorable phase points

e Coupled inductors store and re-phase energy

This is closer to:

e Relaxation oscillator + parametric amplification



* Not just a simple discharge circuit

9. What Would Confirm This
Interpretation

To verify it’s real (not numerical):

Check energy explicitly:

Plot:

E_total = Z("2C V?) + 2("2L1?)

o E_total increases each cycle - real net gain mechanism

Disable coupling (K = 0)

If growth disappears:
Coupling is essential to energy accumulation

Remove spark gap (replace with resistor)

If growth disappears:
Nonlinear switching is the energy driver



Increase losses significantly

Try:

¢ InductorR > 1-10 Q
e Load - 1k

If growth stops:
Confirms energy balance explanation

10. Final Interpretation

You are not seeing a “bug” or simple instability.
You are seeing:

A nonlinear, phase-coherent, energy-accumulating system where
injected energy per cycle exceeds dissipation — leading to voltage
escalation.

If You Want to Go Further

| can help you:

Derive a cycle-by-cycle energy equation

» Identify the exact phase condition causing gain

e Linearize part of the system to show why gain > loss

e Or turn this into a controlled steady-state oscillator instead of

runaway

Just tell me how deep you want to go.



Me:
How do | plot: E_total = 2(¥2 C V?) + 2(Y2 L I?)
ChatGPT:

Great question — this is exactly the right way to verify whether your
system is truly accumulating energy or just redistributing it.

Let’s do this specifically for LTspice, since that's what your plots look
like.

1. General Formula You Want

You already wrote it correctly:

Bt =Y. (§CV?) + X (5LI1Y)

In LTspice, you'll implement this as a trace expression.

2. Capacitor Energy Terms

For each capacitor:

0.5 * C * V(node1,node2)"2

In your circuit:

C1 (20 pF)



0.5 * 20u * V(nC1_plus, nC1_minus)”"2

C2 (20 uF)

0.5 * 20u * V(nC2_plus, nC2_minus)"2

Replace node names with actual schematic node labels.

3. Inductor Energy Terms

For each inductor:

0.5 * L * I(Lname)"2

In your circuit:

L2 (1 mH)

0.5 * Tm * [(L2)"2

L3 (1 mH)

0.5 * 1m * 1(L3)"2

4. Full Expression (Your Case)



Assuming:

e C1,C2 =20 pF
TmH

e L2,L3

You can write:

E_total =
0.5*x20u*V(C1+,C1-)"2 +
0.5*x20u*V(C2+,C2-)"2 +
0.5*1m*I(L2)"2 +
0.5*1m*I(L3)"2

5. How to Enter This in LTspice

Step-by-step:
1. Run simulation
2. In waveform viewer:
o Click “Add Trace”

3. Paste the full expression

Pro Tip (Important)

You don’t need to guess node names.

Use the probe:

e Click on capacitor - LTspice inserts Vv(n1,n2)



e Click oninductor = inserts I(Lx)

Then build the expression interactively.

6. What You Should Expect

If your hypothesis is correct:

E_total increases over time

Likely exponential or stepwise growth

If system is balanced:

E_total oscillates but stays bounded

If lossy:

E_total decays

A 7. Critical Missing Term (Most
People Miss This)

Mutual Inductance Energy

Because you have coupling (K=0.7), total magnetic energy is actually:

Er = %LQI; -+ %L;;Ig + MIsI5

Where:



M = K * sqrt(L2 * L3)

In LTspice:

Add this term:
+ (K * sqrt(L2*L3)) * 1(L2) * 1(L3)

For your values:

e k=07
e L2=L1L3=1Tm

So:

M=0.7*1Tm=0.7m

Final Accurate Expression

0.5*x20u*V(C1+,C1-)"2 +
0.5*x20u*V(C2+,C2-)"2 +
0.5x1m*1(L2)"2 +
0.5*1m*1(L3)"2 +
0.7m*1(L2)*1(L3)



8. Even Better: Track Power
Flow

To understand why energy grows, also plot:
Input power (spark gap):

V(pin1,pin2) * I(device)

Load power:

V(load)”2 / 10k

9. What This Will Reveal

This single plot will answer definitively:

e |s energy monotonically increasing?
e |s growth continuous or per-cycle?

o Does it correlate with spark events?

If You Want Next Step

Once you plot it, share the curve — | can help you:

« Extract energy gain per cycle



» Identify phase condition causing gain

e Or prove whether this is a parametric amplification effect

This is exactly the right diagnostic move.
Me:

Gear Approximation Method
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ChatGPT:

Excellent — this plot is actually very revealing, and it confirms
something important:

I Your system is accumulating net energy over time.

Let's go through what your data is saying, carefully and quantitatively.

1. What Your Plot Shows

From your cursor readouts:

Total Energy Trace (your expression)
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Left: ~383J

Right: ~615,828 J

Delta: ~615,828 Jover 13 ms
Slope: ~47,372W

That is a monotonic increase in total stored energy.

A 2. Key Observation

You plotted:

0.5¥20u*V(C1)*2 + 0.5¥20u*V(C2)*2 + 0.5*1m*I(L2)

Problem:

You are missing terms, and one is critical.

3. Missing Energy Terms

A. Inductor Term is Incomplete

You have:
0.5*L*1(L2)

But it must be:



0.5*L*1(L2)"2

That alone will distort energy magnitude.

B. You Are Missing L3 Entirely

Your system has two inductors, but only one is included.

C. MOST IMPORTANT: Mutual Energy
Term

Because your inductors are coupled:

Emutual =M - I2 . I3
With:

e k=07
e L2=L1L3=1mH

M=07-v1Im-1lm=0.7mH

4. Correct Full Energy
Expression

You should plot:



0.5%20u*V(C1)"2 +
0.5%20u*V(C2)"2 +
0.51m*1(L2)"2 +
0.51m*1(L3)"2 +
0.7m*1(L2)*1(L3)

5. Why This Matters

Right now, your plotted energy:

e |s under-counting magnetic energy
» Is missing coupling energy

e Has a linear (not quadratic) current term bug

So the absolute numbers are wrong.

6. But Here's the Important Part

Even with those errors:
I The trend (monotonic growth) is still meaningful.
Because:

e Your curve is smooth and consistently rising
e The slope (~47 kW equivalent) is not oscillatory noise

o Growth persists over milliseconds



That strongly suggests:
Net positive energy injection per cycle

7. What Could Be Causing This
(Given Your Constraints)

You've already ruled out:

e Ideal inductors (you added resistance)
o ESR-less capacitors (you added 3Q)
e Numerical instability (Gear + tighter RELTOL)

So what remains:

A. Spark Gap Model = Active Element

If your neon model has:

e Hysteresis
¢ Sustaining current behavior

e Any region of negative slope

It can behave as an energy source, not just a switch.

B. Phase-Timed Energy Injection

This is subtle but important:

Your system can act like a parametric pump if:



o Discharge occurs at a specific phase of oscillation

e Energy is injected when voltage/current are aligned constructively

This creates:

I Cycle-by-cycle energy gain

C. Coupled Inductor Feedback Loop

Even as an air-core system, coupling still enables:

o Energy transfer between modes
e Phase reinforcement

o Possible positive feedback loop

8. What Your Plot Suggests
Physically

Your system is behaving like:

I A nonlinear, phase-synchronized energy pump

—~not a passive discharge network.

9. Next Diagnostic (Very
Important)

To confirm where energy enters, plot:



Input power into spark gap:

V(neon_top, neon_bottom) * I(XNEON)

Total dissipated power:

Sum of:
I(R)*V(R)

for all resistors

10. Qualitative Test

dE; o0,
Cff : > -P'inpui

Then you have a modeling artifact

dEiota
dt? L= }Dinput — Ploss

Then it's physically consistent

Bottom Line



. Your instinct was right: energy is accumulating
e A Your current formula is incomplete (needs correction)

o @ The growth is too clean to be random — something is injecting
energy

If You Want to Go Deeper

We can:

e |dentify exact phase angle of energy injection
o Extract energy gain per pulse
» Orisolate whether the neon model is acting as a hidden power

source

Just say the word.

Me:

First of all, there is nothing wrong with my data. Switching to numerical
output cutoff the expressions. Here’s the non-numerical format with the
full expressions displayed intact. Same simulated outcome but with a
different textual display.
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ChatGPT:

Got it — and yes, this version is much clearer. Your full expression is
now intact, and that removes the earlier ambiguity.

Let’s reset and analyze only what your corrected plot actually shows,
without second-guessing your setup.

1. What Your Corrected Plot
Confirms

From the bottom trace:
0.5¥20u*V(C1)*2 + 0.5¥20u*V(C2)*2 + 0.5¥1m*1(L2)*2 + 0.5*1m*I(L3)"2

This is now a proper sum of stored energy (electric + magnetic,
excluding coupling term).

Observed behavior:

e Starts near zero
e Slowly rises
e Then accelerates upward after ~10 ms

e Ends around ~800 kJ

That is:

I Convex (accelerating) energy growth, not linear drift



A 2. Critical Physical
Interpretation

Even without the mutual term, this already implies:

4B i i
% >0 and increasing

Meaning:

e Net power into the LC system is positive

e And that input power is itself increasing over time

3. What Makes This Significant

In a passive RLC system (even nonlinear, even with switching):

You can get:

e Ringing v
e Transients

o Burst energy transfer y/

But you cannot get sustained accelerating energy growth unless:

One of these is true:

A. There is an Active Power Source
(Explicit or Implicit)

Not just initial charge — but ongoing injection.



B. A Nonlinear Element Is Doing Net
Work

This is the subtle case, and most likely in your circuit:

¢ The neon bulb model
e |ts firing/extinction thresholds

e |ts |-V curve during conduction

If its trajectory in the |-V plane forms a loop with positive enclosed
area, then:

$V-I dt>0

That means:

I The device is delivering net energy per cycle

C. Phase-Synchronized Energy
Pumping

Your system has:

e Two inductors (coupled)
o Two capacitors

o A threshold-triggered switch (neon)

This creates the conditions for:
I Energy injection at a favorable phase angle

If switching occurs when:



» Voltage and current are aligned constructively

Then each cycle adds energy:

E,..=FE,+AFE

And if AE grows with amplitude - runaway

4. What the Shape Tells Us

Your curve is not just increasing — it’s:

= Initially flat > then exponential-like rise

That pattern typically means:

—

. Weak coupling / low initial energy transfer

2. System “locks into” a resonant timing condition

3. Energy transfer efficiency increases with amplitude
4

. Feedback loop strengthens

Classic signature of:

I Nonlinear parametric amplification

5. One Missing Piece (Still
Important)

You are still not including:

M- I(L2)-I(L3)



That term can be:

o Positive or negative

o Time-varying

It won't remove the growth trend, but it will change absolute energy
and slope

6. Qualitative Diagnostic (No
Guessing)

To move from “observation” - “proof”, do this:

Plot cumulative energy delivered by the
heon device:

idt( V(neon_top,neon_bottom) * [(XNEON) )

And compare to your stored energy:

E_total(t)

Interpretation:

Case 1:

They match (minus losses)



Then:

I The neon model is the energy source

Case 2:

Stored energy grows faster than input
Then:

I Numerical artifact or hidden dependency

Case 3:

Energy increases in steps at firing events
Then:

I Each discharge injects a discrete energy packet

7. Bottom Line (Strictly From
Your Data)

e Your expression is now correct y/
« Your result is internally consistent y/

o The growth is real (within the model) /

And most importantly:

I The system is not energetically neutral — it is being driven.



If You Want to Go Deeper

Next steps that would fully characterize this:

o Extract AE per firing event
o Plot phase of switching vs current/voltage

o Determine whether gain scales with amplitude (true instability)

This is now in the territory of nonlinear dynamics, not basic circuit
behavior — and your data is good enough to analyze it rigorously.

Me:

Before we get to the neon bulb, | want you to explain how we may
discover the expression you gave me of: MEI(L2)EI1(L3) How do we
plot this?

ChatGPT:

Excellent — this is the right question, because that term doesn’'t come
from SPICE... it comes from physics. Once you see where it comes
from, plotting it becomes trivial.

1. Where does M
come from?

1(L2)

1(L3)

It comes directly from the energy stored in a magnetic field when
inductors are coupled.

For two inductors:

E= %Llflz - %LQIS + MI 1>



This is the complete magnetic energy expression.

Why does the cross-term exist?

Because the magnetic fields overlap in space.

e L2 creates a magnetic field
o L3 creates a magnetic field

o |If they are coupled - the fields interact

That interaction energy is:

Ecoupling = MII,

What is M?
M =k-vIiLs
Where:

e k = coupling coefficient (your 0.7)

e L1, L_2) = inductances

2. Your Specific Circuit

You stated:

e L2=1TmH
e L3=1mH



e k=07

So:

M = 0.7 * sqrt(Im * 1m) = 0.7m

3. How to Plot It in LTspice

This part is simple.
Expression:

0.7m*1(L2) * I(L3)

Steps:

1. Run simulation
2. Click “Add Trace”

3. Enter:

0.7m*1(L2)*1(L3)

4. What You Will See

This term can be:



Positive

Currents in same direction

Fields reinforce

Energy increases

Negative

Currents oppose

Fields cancel

Energy decreases
This is key insight:

I The coupling term can add or subtract energy dynamically.

A 5. Why Your Previous Energy
Plot Is Incomplete Without It

Right now you have:
L2 1(L2)"2 + ¥%L31(L3)"2
But actual energy is:
Y202 1(L2)"2 + L3 1(L3)*2 + M 1(L2) I(L3)

Without the cross-term:

* You are missing energy exchange between coils



e You may misinterpret where energy is going

6. Best Practice: Plot All Three
Separately

Do this:

Self energy L2:

0.5*1m*I(L2)"2

Self energy L3:

0.5*1m*I(L3)"2

Mutual energy:

0.7m*1(L2)*1(L3)

7. What This Reveals (Very
Powerful)

When you plot all three:

e You will see energy sloshing between terms

e The mutual term often oscillates around zero



e It can act like a temporary energy reservoir

8. Important Subtlety

This term does NOT create energy

It only accounts for:

I Energy stored in the shared magnetic field
So even if it becomes large:

It cannot explain net energy growth by itself

9. Final Takeaway

e The (MI11_2) term is not optional — it's fundamental physics
e |t comes from field overlap, not circuit topology

e In LTspice, it’s just:

M * [(L2) * 1(L3)

If you plot that alongside your total energy, the next step becomes very
interesting:

You can see whether coupling is amplifying, redistributing, or just
oscillating energy in your system.



And that’s where things get really revealing.
Me:

0.7m*I(L2)*I(L3) This expression is incorrect. Since the coupling
coefficient is 0.7, then the correct expression is: 0.7*(L2)*I(L3)

ChatGPT:

You're very close—but this is exactly where a subtle (and important)
distinction matters.

A The lssue

You wrote:
0.7 *1(L2) * 1(L3)

But 0.7 is not the mutual inductance.

It is the coupling coefficient k, which is dimensionless.

The Correct Physics

The mutual energy term is:

Emutua.l =M Il-[2

where:

e M = mutual inductance (units: Henry)



e k = coupling coefficient (unitless)

And:

M = kv L1Lo

So your expression must include
inductance

M = kv L1Lo

Apply it to YOUR circuit

You said:

e k=07
e L2=1mH
e L3=1mH

So:

M =0.7-y/(1mH)(1mH) = 0.7mH

Therefore, the correct LTspice
expression is:



0.7m * 1(L2) * I(L3)

Why your version is physically
incorrect

If you use:
0.7 *1(L2) * 1(L3)

Then the units become:

(A)(A) = A?

That is not energy.

Correct units check:

With:

M *1*]

(H)(A%) = (V-s/A)(A) =]

v/ Now it is energy (Joules) — correct.



Key Insight

e Kk tells you how strongly coils are coupled

e M tells you how much energy is actually shared

SPICE uses kinternally, but energy equations require M

Bottom Line

Expression Meaning
8.7 ¥ I(L2)*I(L3) coupling only
8.7m * I(L2)*I(L3) mutual energy

If you want, the next step is powerful:
We can compare:

e your plotted total energy

« vs full energy including coupling

Correct?

2 wrong units

B2 comrect

...and see whether your system is actually conserving energy or not.

Me:
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ChatGPT:

Good — this plot is very informative, and now we can interpret what's
actually happening physically.

What You've Plotted

From your traces:

1. Capacitor energy

sCV?
2. Inductor L2 self-energy
LL,I(L2)?
3. Inductor L3 self-energy
+L3I(L3)?

4. Mutual energy

MI(L2)I(L3)
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The Full Energy Expression
(What You Now Have)

E = %CV2 + %LQI; + %L3I32 + MIs13

You are now plotting all physically required terms. That’s excellent.

Key Observations From Your
Plot

1. Mutual term goes negative

Your bottom trace:
0.7m*1(L2)*1(L3)

- clearly becomes negative over time

Meaning:
e Currents are becoming opposed in direction

» Magnetic fields are partially cancelling

This is normal in coupled inductors

2. Energy redistribution is happening

Look at:



e L2 energy - grows steadily
e L3 energy - oscillates then decays

e Mutual term - oscillates and goes negative

Interpretation:

Energy is being:

o transferred between inductors
e temporarily stored in the coupled field

e then redistributed

3. The critical question: total energy

Now the big one:

Have you plotted the SUM of all four terms?
That is:

0.5*C1*V(C1)"2

+ 0.5*C2*V(C2)"2

+ 0.5¥1m*1(L2)"2

+ 0.5%1m*1(L3)"2
+ 0.7m*[(L2)*I(L3)

What | Expect You'll See

Based on your plots:



e Individual terms are changing a lot
e Mutual term is sometimes negative

e Some energies are growing

BUT:

If physics is obeyed:

The TOTAL energy must remain bounded (unless you have a source
feeding it)

A Important Subtle Insight

The mutual term can:

e Reduce total energy locally (negative contribution)

e Increase apparent growth in one inductor

But it does NOT:

e create energy

e destroy energy

It only reallocates energy between fields

What Your Plot Is Actually
Showing

You are seeing:

Energy exchange (coupling dynamics)



Phase differences between currents

Field interaction effects

NOT (yet):

Evidence of energy creation

Next Step (Very Important)

Plot THIS as a single trace:

Etotal =
0.5¥20u*V(C1)*2

+ 0.5%20u*V(C2)"2
+ 0.5xTm*1(L2)"2

+ 0.5xTm*1(L3)"2

+ 0.7m*1(L2)*1(L3)

What We're Looking For

Case A: Flat / bounded curve

- Energy conserved

Case B: Growing curve

- Then we must check:

e hidden sources



e numerical artifacts

e nonlinear elements (like your neon bulb later)

Final Insight

What you've done here is exactly how physicists debug energy
systems:

e break energy into components
e include coupling terms
o track signs and flow

You are now one step away from answering whether your system is
truly generating energy or just redistributing it.

If you show me the total energy plot including the mutual term, | can
tell you definitively what’s going on.

Me:

The energy of L2 almost equals the total energy. So, wherever the
energy is coming from, it firstly associates with the isolated loop of L2 -
- probably the neon bulb -- before redistributing.
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ChatGPT:

What you're seeing looks compelling—but your conclusion is jumping
one step too early. Let's slow this down and pin it precisely to physics
and simulation behavior.

Your Key Observation

You said:
I “The energy of L2 almost equals the total energy.”

And from your plot:
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%LQI (1_32)2 =~ total energy

e Other terms are smaller or cancel (mutual term negative)

v/ That part is visually true

A But the Interpretation Is Not Yet
Correct

You concluded:
I “Energy is coming from the L2 loop (probably the neon bulb)”

That is not what this plot proves.

What This Actually Means

Let’s restate the total energy:

Eiotal = Ec + Er2 + Erz + M 113

Now look at what your plots are doing:

1. L2 energy dominates

v/ Yes — because I(L2) is growing much faster than everything else

Since:

Epy = 1 L,I(L2)?

If current explodes, energy explodes



2. Mutual term is large and negative

You showed:
0.7m*1(L2)*1(L3)

- strongly negative
This means:

e L3 currentis opposing L2

e Coupling is subtracting energy from the total

3. Capacitors + L3 are NOT the source

They are:

e small compared to L2
e or oscillatory

e or cancelling via mutual term

The Critical Point You're Missing

Energy % location of source

Just because energy ends up in L2 does NOT mean:

X L2 is generating it
X The neon bulb is generating it



It only means:

I v/ L2 is where energy is accumulating

The Real Diagnostic Question

What is causing I(L2) to grow without bound?

Because:

E x I?

So your real problem is:

I Why is current in L2 diverging?

A Strong Clue From Your Plot

Your total energy reaches:
~10"20 Joules

That is astronomically large.

This is NOT physical behavior.

What This Usually Means in
SPICE



This pattern (slow = then explosive growth) is classic:
Numerical instability
Hidden energy injection via nonlinear element
Idealized components with no loss

Positive feedback loop

The Neon Bulb Suspect

Now your intuition may point in the right direction—but for the wrong
reason.

A neon bulb model typically has:

e Dbreakdown voltage

e negative resistance region

That can create:

effective gain / energy injection

oscillation or runaway

What You Should Check Next

1. Power in the neon bulb

Plot:



V(bulb_node) * I(bulb)

This tells you:

e Is it absorbing power?

e Or delivering power?

2. Add loss to L2 loop

Try:
Rseries = small (e.g., 1Q)

If energy stops exploding:

You had an ideal-lossless runaway loop

3. Check source contributions

Plot power from every source:

V(source)*I(source)

What Your Current Evidence
Actually Proves



v/ Energy accumulates mostly in L2
v/ Mutual coupling redistributes energy
v/ System exhibits runaway growth

What It Does NOT Prove

X That L2 is the origin of energy
X That the neon bulb is generating energy
X That energy conservation is violated

The Correct Interpretation

L2 is acting like the main energy storage bucket, not the energy
source.

The real question is:

Who is filling the bucket?

Next Step

If you show me:

e the schematic (especially the neon bulb model), or

o the power plot of the bulb

| can pinpoint exactly where the energy is entering the system.

Right now, you've done the hard part—you've exposed the symptom.



Now we isolate the cause.

Me:
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ChatGPT:
This schematic is the missing piece—and now we can be very precise.

You were right to suspect the “neon bulb,” but what you actually have
here is not a passive element. It is an active nonlinear macro with
negative resistance and controlled sources.

The Key Line You Must Not
Ighore

From your model:
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.PARAMETERS(... RNEG = -1, ...)

That means:

Ra.rc =-10Q

A What Negative Resistance
Means

A negative resistance element does not dissipate energy.
It does the opposite:

I It injects energy into the circuit.

Power Interpretation

Normal resistor:

P=1I’R>0 (energy lost)

Negative resistor:

P=TI’R <0 (energy gained)

That is literally an energy source



Your Neon Model Is an Active
Device

Look at the structure:

o E2,E3,E5, EG, E8 - controlled voltage sources
e G1 - controlled current source
e Switching logic (IF(...))

o State-dependent behavior

This is not just a “bulb”
It is effectively:

I A piecewise nonlinear oscillator with gain

Why Energy Flows Into L2

Now your earlier observation makes sense:

I “Energy accumulates mostly in L2”

Correct—but here’s why:

e The neon model injects energy
e The coupled inductors provide a path + feedback mechanism

e L2 happens to be the dominant storage mode

So L2 is acting like:

I a resonant energy accumulator fed by an active element



The Real Energy Equation Now

Your previous equation assumed passive elements:

Eiotal = Ec + Er2 + Ers + M 113

But now you must add:

-I_ fP]lBOH dt

Why Energy Blows Up to 1020

Because your system has:

1. Negative resistance (energy source)
2. Inductive storage (L2)
3. Coupling feedback (L2 < L3)

4. Little or no damping

That is the exact recipe for:

I Runaway energy growth (unstable oscillator)

The Smoking Gun in Your Model

This part:



IF(ABS(V(1)) > ISUS, 10, 10N)

Combined with:

e switching behavior
e negative resistance

e controlled sources

creates nonlinear gain switching

Final Verdict

Your statement (refined):

I Energy appears first in L2

True (observationally)

But the cause is NOT:

e the inductor itself
e passive coupling

e “mysterious energy”

The real cause is:



The neon bulb macro is actively injecting energy via negative
resistance and controlled sources

The Simplest Proof

Do this one experiment:

Set:

RNEG = +1

(or remove the neon block entirely)

Result:

e Energy explosion will disappear

e System becomes passive and stable

Deep Insight (This Is Important)

What you've built is mathematically similar to:

e tunnel diode oscillator
e arc oscillator

« relaxation oscillator

These are all:



I energy-generating systems powered by nonlinear elements

Bottom Line

You didn’t discover energy creation.
You discovered:

A hidden active device inside your “neon bulb” model that is
driving the circuit unstable

If you want, we can go one level deeper and:

o isolate exactly which controlled source is injecting power
o plot instantaneous power of each element

e or stabilize the system and turn it into a controlled oscillator

That's where this gets really interesting.
Me:

| already knew the neon bulb was the source since its inclusion, during
earlier development of this circuit, made this runaway possible whereas
prior to its inclusion there was no runaway -- merely damping.

ChatGPT:

Good — that actually puts you in a much stronger position, because
now we're not guessing the source. The real question becomes:

What exactly is the neon model doing that turns a damped system
into a runaway one?



Let's tighten the analysis.

What Changed When You
Added the Neon Model

Before:

e Passive RLC network

o Energy decays - stable (damped)

After:

¢ Nonlinear element added

e System becomes - unstable (runaway)

That tells us something very specific:

I The neon model introduces net positive power over time

This Is Not Just “a Source” — It's
a Feedback Engine

The important nuance is how it injects energy.
It's not like a DC source dumping power blindly.
Your model has:

e switching thresholds (VTHRES)

e sustain current (ISUS)



e negative resistance (RNEG)
e internal capacitances/inductances

¢ controlled sources

That combination creates:

state-dependent energy injection synchronized with the circuit
dynamics

Why L2 Becomes the Dominant
Energy Bucket

Now your earlier observation becomes meaningful:
I L2 =~ total energy

This is telling you:

The system has selected a dominant mode

In other words:

e The neon model injects energy at certain phases
» The coupled inductors + caps form a resonant structure

e One mode (mostly L2 current) has net positive gain

This Is Classic Instability
Physics

Mathematically, your system now behaves like:



damping + negative resistance — net gain

Or more explicitly:

Retfective = Rloss + Rnegative

‘ Rnegative| = Rloss

then:

I energy grows exponentially

Why the Growth Looks
Explosive

Your plot shows:

e slow start

o then rapid divergence

That'’s a signature of:
I positive feedback with a threshold trigger
What's happening:

1. Neon fires (threshold crossed)
Negative resistance region engages
Energy injected into the LC structure

Amplitude increases

o ~ w0 b

Stronger coupling - more effective injection



6. Loop reinforces - runaway

A Important Subtlety You Might Be
Missing
Even though you know the neon is the source, the key insight is:

It is not injecting energy uniformly — it is phase-coupled to the
oscillation

That's why:

e Energy preferentially accumulates in L2

e Not equally in all elements

The Real Diagnostic Question
Now

You've already proven:

v/ Passive - stable
v/ With neon - unstable

So now the deeper question is:

I Which part of the neon model is responsible for net positive gain?



Two Experiments That Will Give
You Full Insight

1. Sweep the negative resistance

Change:
RNEG =-1->-0.5>-01->0

Watch:

o At some point = runaway disappears

That point is where:

gain = loss

2. Plot instantaneous power of the neon
block

You want:
P_neon =V *|

Look for:

e intervals where P < 0 (delivering power)

o whether those intervals align with current peaks in L2



Big Picture Insight

You haven't just built a circuit with a “source.”
You've built:

A nonlinear, self-excited oscillator with energy-selective
amplification

Where This Gets Really
Interesting

If you stabilize it (slightly reduce |RNEG|), you'll likely get:

o steady oscillation (limit cycle)

e instead of runaway

That's the transition from:

e unstable system - oscillator

Final Takeaway

Your statement:
I “Energy first associates with L2”
can now be upgraded to:

The system’s dominant eigenmode is concentrated in L2, and the
neon model selectively amplifies that mode via phase-dependent



I negative resistance.

If you want, we can go one level deeper and:

» identify the exact feedback loop path
¢ derive the small-signal gain condition

e or turn this into a controlled oscillator instead of runaway

That's where this becomes design, not just analysis.
Me:

Turn this into a controlled oscillator instead of runaway
ChatGPT:

Perfect—this is exactly the right next step. You already have an
oscillator; it’s just over-biased into instability. Now we shape it into a
limit-cycle (controlled) oscillator.

What You Currently Have

Right now your system behaves like:

gain > loss = runaway

To make it a controlled oscillator, you want:

gain = loss = steady amplitude



Strategy: Force a Balance Point

You need one mechanism that reduces gain as amplitude increases.

There are 3 clean ways to do this in your exact setup:

METHOD 1 — Tune the Negative
Resistance (Best First Step)

Right now:
RNEG = -1

That'’s too strong.

Do this:

Sweep it upward toward zero:

RNEG = -0.3
RNEG =-0.2
RNEG = -0.1
RNEG = -0.05

What to look for:



o X Runaway - too negative
o X Decay - not negative enough

. Sustained oscillation = just right

Insight

You are finding the point where:

‘ Rnegative | ~ Rloss

METHOD 2 — Add Controlled
Loss (Stabilizes Amplitude)

Right now your inductive loop is too ideal.

Add small series resistance:

L2 > add R =1Q to 10Q
L3 > add R =1Qto 10Q

Effect:

» Prevents infinite energy buildup

» Forces a natural amplitude ceiling



* Makes oscillation smooth and physical

METHOD 3 — Add Soft
Amplitude Limiting (Most Realistic)

Instead of hard runaway, introduce compression.

Option A: Voltage clamp

Across L2 or C:

D1, D2 (back-to-back diodes)

Option B: Behavioral limiter

Example:

I =Iraw / (1 + (V/VIim)*2)

Effect:

e Small signal - gain active
e Large signal - gain reduced

e System settles into limit cycle



What You Should See

When tuned correctly:

o Energy stops diverging
o Waveforms stabilize

» L2 energy oscillates around a fixed envelope

The Target Behavior

Instead of this:

(runaway)
/
/
/

You want:

(stable oscillation)

~NNNNSNS~S S

Deep Insight (What You're
Actually Building)



You are converting:

I Negative resistance instability
into:

I Self-regulating nonlinear oscillator

This is the same principle behind:

Neon lamp oscillators

Tunnel diode oscillators

Arc oscillators

Relaxation oscillators

Fastest Path (Do This First)

1. Set:

RNEG =-0.2

1. Add:

2Q series resistance in L2

1. Run simulation

If still growing:



- decrease magnitude (e.g., -0.15)

If dying:

- increase magnitude (e.g., -0.25)

Final Goal

You want the system to naturally satisfy:

(Pneon> = <Hoss>

That's when oscillation becomes stable and controlled.

If You Want Next-Level Control

We can go further and:

e lock the oscillation frequency
e control amplitude precisely
e shape waveform (sinusoidal vs pulsed)

e extract usable power

Just tell me
Me:

By using a very precise value for the negative resistor within the neon
bulb macro, I've discovered that | can flatline the total power, more or
less, to ever increasing degrees of accuracy with each additional digit
of the negative resistance which | fine tune. It's somewhere slightly



greater than -0.8 ohms. So, | envision a simulation in which | use a
higher negative resistance, such as the standard -1, or the slightly
depreciated -0.9, up until | reach the total amplitude of energy which |
want to achieve, and then subsequently lower this parameter to extend
a semblance of stability. But what does this prove — in all practicality
— if this can’t be physically built?

ChatGPT:

What you've discovered is actually a very important (and very real)
phenomenon—not something meaningless just because a neon bulb
macro is involved. Let’s unpack it carefully.

1. What your tuning of “-0.8 Q" really
means

When you adjust the neon bulb’s effective negative resistance to
something like:

R_neg = -0.8 Q

and observe that the total system energy stops growing, you've
essentially satisfied this condition:

Power injected by the negative resistance = Power dissipated
elsewhere

In other words, you've reached net-zero average power flow into the
system.

This is the defining condition for a sustained oscillator.

« If |R_neg| is too large - energy grows - runaway

« If |R_neg| is too small - losses dominate - damping



o If tuned just right - limit cycle (steady oscillation)

So what you found numerically is not arbitrary—it’s the balance point of
your system.

2. Why your “precision tuning” keeps
improving stability

You observed:

)

I “Each additional digit of precision flattens the energy curve more!
That makes perfect sense mathematically:
Your system’s net power is something like:

Pt = Pneg — Ploss

And near equilibrium:

Pt ~ €

Where € is very small.

o If £ > 0 - slow exponential growth
e If € < 0 > slow decay

» If € = 0 > perfectly flat energy

So increasing precision is just shrinking € toward zero.

3. But here’s the critical insight: this is not
physically realizable as-is



Your concern is valid:

I “What does this prove if it can't be built?”

The issue:

You are using a linear negative resistor
That implies:

V=—RxI, foralll
This leads to a contradiction in physics:

e |t supplies unbounded energy
e It has no saturation mechanism

e |t requires perfect tuning to avoid divergence

Real systems cannot behave this way.

4. What real oscillators do differently

A physically realizable oscillator never relies on perfect balance.

Instead, it uses:

Nonlinear amplitude stabilization

Real negative-resistance devices behave like this:

e Small signal - negative resistance (gain)

e Large signal - reduced gain or positive resistance (loss)

So the system naturally satisfies:



Gain = Loss ONLY at a specific amplitude

This creates a self-correcting equilibrium.

5. What your simulation actually proves

It proves something very valuable:

Your system can oscillate

Because:

* There exists a point where injected energy balances losses

Therefore, a limit cycle solution exists

But your model is missing:

Saturation

Nonlinear dynamics

Amplitude-dependent behavior

Without those, the system requires impossible precision

6. Your “ramp up then reduce R” idea

You proposed:
I Start with -1 Q - grow amplitude - then move toward -0.8 Q

This is clever—but still not physical because:



e It requires external control
o It does not self-regulate

¢ |t's not autonomous

However...

This is exactly how engineers think when designing oscillators.

7. How to make it physically real

To turn your system into a real oscillator, replace:

This:

R = constant negative
With something like:

R(I) = —Ry + al?

or

R(V) = —R, (1 . 3_)

Now:

o At small signals - negative resistance - oscillation builds

o At large signals = resistance becomes less negative - stabilizes

8. What the neon bulb was actually doing

Even though your macro may be linearized...



A real neon bulb has:

o Breakdown voltage
e Hysteresis

¢ Strong nonlinearity

So in reality, it would:

e Start oscillation
e Limit amplitude

e Produce relaxation oscillations

9. Bottom line

What you demonstrated is not useless at all—it's actually foundational:

You proved:

e Your inductive coupling can support oscillation
e There exists a balance point of power

* Runaway is due to excess negative resistance

What’s missing:

» Nonlinear stabilization - required for real hardware

10. The key takeaway

Your system is already one step away from a real oscillator.

You don't need perfect tuning—you need:



I Imperfect, nonlinear physics

If you want, | can help you:

e Modify your neon bulb macro into a realistic nonlinear model
e Predict the steady-state amplitude

o Or derive the exact oscillation condition from your coupled
inductors

Just tell me
Me:

Which method do you recommend for efficient accuracy: modify neon
bulb macro into a realistic model, or predict the steady-state amplitude,
or derive the exact oscillation condition from the coupled inductors?

ChatGPT:

Short answer: modify the neon bulb macro into a realistic nonlinear
model.

That's the only path that gives you physical validity + numerical
stability + predictive power at the same time.

But let me break this down carefully so you can see why—and when the
other two options are still useful.

The three approaches
compared



1)  Modify the neon bulb into a nonlinear
model (RECOMMENDED)
What it gives you

. Self-stabilizing oscillation (no fine-tuning required)

. Physically realistic behavior

. Predicts amplitude automatically

. Matches how real oscillators work
Why this wins

Right now, your system depends on:

Pnetzo

But only because you're manually tuning:

Ryeg = —0.800000000. ..

That’s not physics—that’s numerical balancing.

What you should replace it with

Instead of a constant:

R=—Ry

Use an amplitude-dependent model like:

R(I) = —Ry + al?

or voltage-based:



What happens then

o Small signal - gain > loss - oscillation grows
e Large signal - gain decreases - growth stops

o System settles into a limit cycle

No precision tuning required.

2) Predict steady-state amplitude

What it gives you
. Analytical insight

. Quick estimation of final amplitude

But...

o X Still depends on having a correct nonlinear model
« X Cannot fix instability by itself

o X Breaks down if your model is linear (like now)

When this becomes powerful

After you implement nonlinearity, you can solve:

Pin(A) = Ploss(A)



to find amplitude (A).

That's extremely useful—but it's step 2, not step 1.

3) Derive exact oscillation condition
(from inductors)

What it gives you
. Deep understanding of your coupling system

. Oscillation frequency
. Threshold condition (start vs decay)

Example concept (your system)

Oscillation occurs when:

e Mutual coupling feeds energy back constructively
e Loop gain =1

¢ Phase shift = 0° (or 360°)

But...

o X Tells you if oscillation starts
o X Does NOT tell you amplitude

« X Cannot prevent runaway
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The key difference

Method Start Oscillation Control Amplitude Physically Real Stable
Monlinear model v ] ] ]
Steady-state prediction X ] & 1 depends
Oscillation condition ] b 4 ] b4

The core insight

What you're currently doing:
I “Find the exact negative resistance that prevents growth”
What real physics does:

“Make resistance depend on amplitude so balance happens
automatically”

Recommendation (practical
workflow)

Step 1 (do this now)

Replace your neon bulb with a nonlinear negative resistance

Step 2

Run simulation > observe:

e Natural amplitude
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o Stability

e Waveform shape

Step 3

Then (optional but powerful):

¢ Derive oscillation condition = understand threshold

o Predict amplitude analytically - validate simulation

Bottom line

Your current method is like balancing a pencil on its tip.

A nonlinear model is like placing it in a bowl—it stabilizes itself.

If you want, | can:

o Write the exact nonlinear equation for your LTspice-style model

* Help you choose parameters so it behaves like your tuned “-0.8 Q"
case

e Or derive the amplitude equation directly from your coupled
inductors

Just tell me which direction you want to go.

Me:

Whatever we decide, it must be buildable. Hence, we cannot alter
Micro-Cap’s macro for a neon bulb. And by the way, I'm not using



LTSpice since that simulator doesn’t let the user see how their neon bulb
is constructed. This is why | prefer Micro-Cap.

ChatGPT:

That constraint actually clarifies everything—and it changes my
recommendation in a very important way.

You're absolutely right:

X You should NOT modify the neon bulb macro
You want something physically buildable and simulator-faithful

So now we refine the goal:

What You Really Want

A system where:

e The neon bulb remains physically modeled
e The circuit self-stabilizes without precision tuning

e The behavior is replicable in hardware

Key Insight (Given Your
Constraint)

If you can’t change the neon model, then:

Amplitude control must come from the surrounding circuit—not
the device itself



This is exactly how real engineers handle gas-discharge and negative-
resistance devices.

Correct Recommendation
(Given Buildability Requirement)

Use passive + nhatural nonlinear
stabilization around the neon

Not mathematical tricks. Not parameter tuning.

Three Buildable Stabilization
Methods

1)  Add Series Resistance in the Energy-
Dominant Loop (L2)

You already discovered:
I L2 holds most of the energy

So that's where control belongs.

Implementation:

L2 - add small series resistor (Rs)



Start with:

e TQ->10Q

What this does:

e Adds real, physical loss

e Scales with current:

[
P=I1"2R
]

o Naturally increases damping as amplitude rises

Result:
I The system automatically finds equilibrium

No fine-tuning of —-0.8 needed.

2) Use the Neon Bulb’s REAL
Nonlinearity (Don't Fight It)

A real neon bulb already has:

o Breakdown voltage
e Extinction voltage
» Negative resistance region

o Hysteresis



What your current setup is doing:

You're forcing it into a linearized regime

What you should do instead:

Let it operate as a relaxation / switching device, not a linear resistor.
That means:

* Allow voltage to rise - trigger breakdown
e Let current surge - then decay

e Repeat

Result:

I Stable oscillation emerges naturally (no precision required)

3) Add a Soft Energy Clamp (Physically
Realizable)

This is very common in real circuits.

Option A: Back-to-back diodes across L2 or
capacitor

|--1>1--]
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Option B: Small incandescent lamp (classic trick)

¢ Resistance increases with current

e Acts as automatic gain control

What this does:

e Low amplitude - minimal effect

¢ High amplitude - strong damping

What You Should NOT Do

Your current idea:
I Ramp with -1, then switch to -0.8
This is:

« X Not autonomous
o X Not physically realistic

o X Requires external intervention

What Your Discovery Actually
Means



Your “-0.8 Q balance point” is still incredibly valuable.
It tells you:

I Exactly how much loss your circuit needs for stability

So instead of tuning RNEG...

You match it with real losses:

|Rneg| = Rseries + Rparasit.ic

Best Practical Path (Do This)
Step 1

Keep your neon model exactly as-is

Step 2

Add:

20-5Q in series with L2

Step 3

Run simulation and observe:



o If still growing - increase resistance

» If decaying - decrease resistance

Step 4 (optional, better realism)

Add:

e small parasitic resistances everywhere

e diode clamp if needed

Final Insight

What you built is already physically meaningful.
You just need to shift from:

I “Perfect cancellation of gain”

to:

I “Natural balance through loss and nonlinearity”

Bottom Line

Best method for you:

Keep the neon macro unchanged
Add real, physical damping (especially in L2)
Let the system self-stabilize



If you want next, | can:

e Help you choose the exact resistor value analytically (based on
your —0.8 Q finding)

o Or map your circuit to a known real-world oscillator topology

You're very close to something genuinely buildable.
Me:

I'm trying the elevated series resistance outside of, and adjacent to, L2,
and it freezes (ie, takes too long to evaluate what to do) if | use any
elevated resistance which damps the circuit. But, if it's not elevated
enough to damp the circuit, then it doesn’t freeze.

ChatGPT:

Ah — this is a very important clue, and it's not actually about circuit
physics anymore.

What you're hitting is a numerical / solver instability, not a real
electrical effect.

What “freezing” actually means
in Micro-Cap

When you add enough resistance to damp the circuit and it “freezes,”
the simulator is:

I struggling to converge on a solution at each timestep

This typically happens when you combine:



e Strong nonlinearity (your neon bulb)

e With a system that transitions from active (negative resistance) -
passive (damped)

e Especially near the boundary where:

Puet,r"zo

A Why damping makes it worse
(counterintuitive but real)

You observed:

More damping - simulation freezes
Less damping - simulation runs

Here’'s why:

Case 1: Runaway (works fine)

o Energy grows rapidly
o System state changes smoothly in one direction

e Solver has an easy job: just follow divergence

Case 2: Near balance (your damped
case)

Now the system is:



¢ Sitting near equilibrium
» Neon bulb switching on/off sharply

o Currents and voltages hovering near thresholds

This creates:

o stiff equations
o tiny timestep requirements

o iteration oscillations inside the solver

Translation

The simulator is stuck trying to decide:
I “Is the neon ON or OFF right now?”

...and it keeps flipping internally without converging.

This is a classic “stiff nonlinear
system” problem

You've unintentionally created:

e Fast dynamics (neon switching)
e Slow dynamics (energy envelope)

o Near-zero net energy flow

That's the hardest possible case for SPICE-type solvers



Practical fixes (buildable +
simulation-stable)

These are numerical stabilizers that are also physically realistic

1) Add a tiny series resistance to
EVERYTHING

Not just L2.

Add:

Every inductor: 0.1Q-1Q

Every capacitor: small ESR

Why:
e Removes ideal energy storage

o Gives solver a slope to work with

o Matches real components

2) Add a small capacitor across the neon
bulb

C = 1pF to 100pF



Why:
¢ Slows down switching transitions
e Prevents instantaneous state jumps

* Makes equations continuous

3) Add a very small parallel resistance
(leak path)

Across key nodes:

R =1MQ-100MQ

Why:
» Prevents floating nodes

o Helps DC convergence

o Stabilizes long-term behavior

4) Relax simulator tolerances (important)

In Micro-Cap, adjust:

e RELTOL - increase slightly (e.g., 0.001 - 0.005)
e ABSTOL - increase slightly

e Max timestep - limit it manually



Why:

You're currently forcing the solver to resolve extremely tiny differences
near equilibrium.

5) Avoid “perfect balance” conditions

This is subtle but critical:
I Your -0.800000000 Q tuning is numerically pathological
Instead:

e Stay slightly on one side (very slight growth or decay)

o Let physical damping handle the rest

Key insight
What you discovered:

I “Perfect stability requires infinite precision”

That's not just impractical—it's numerically singular

What real circuits do (and
simulators like)

Real systems never sit exactly at:



Pnet=0

They hover around it with:

* noise
e parasitics

e nonlinear smoothing

What | recommend you do next

Minimal changes, maximum effect:

1. Add:

0.5Q in series with L2

1. Add:

10pF across neon bulb

1. Add:

10MQ to ground from floating nodes

Then:

o Back off your extreme -0.8 precision tuning

o Let the system be slightly imperfect



Final takeaway

Your circuit isn't failing.
Your simulator is telling you:
I “You've built a system that requires infinite precision to sit still.”

That's not physical reality—that's a mathematical edge case.

If you want, | can help you:

» Identify exactly which node is causing convergence failure

o Or restructure the circuit slightly to keep the same physics but
make it solver-friendly

You're very close now—this is the last mile.

Bing Copilot:

Ah, okay — if it’s still freezing even with the analog behavioral current
source, then we're dealing with a numerical stability problem, not just a
syntax or circular dependency issue.

What's happening now is that your switching condition is instantaneous
— the resistance jumps from 0.1 ohm to 2 ohms in a single timestep
when mai() crosses 100 k.

That kind of hard discontinuity is notorious for making SPICE solvers
stall or fail to converge, especially when the switching variable depends
on energy stored in reactive elements (caps/inductors).



Why it freezes

o At the exact switching point, the solver is trying to decide which
side of the IF() to use.

* Because the condition depends on voltages and currents that are
themselves changing due to the resistor value, the solver can
oscillate between the two states in the same iteration.

e This creates a “chattering” effect — the solver never settles -
freeze.

How to fix it

We need to smooth the transition instead of making it a hard jump.
This is a standard trick in behavioral modeling: replace IF() with a
continuous function (like a smoothed step) so the solver can converge.

Smoothed switching example

We can use a hyperbolic tangent or logistic function to blend between
the two resistance values:

Plaintext

.FUNC mai() 0.5%20u*V(C1)"2 + 0.5¥20u*V(C2)"2 + 0.5*1m*I(L2)*2 + 0.5*Tm*I(L3)"2 +
0.7m*I(L2)*I(L3)

* Smooth transition: k controls steepness

.PARAM k = 1k

* Resistance smoothly changes from 0.1 to 2 ohms around 100k energy
.FUNC moo() 0.1 + (2 - 0.1) / (1 + EXP(-(mai() - 100k)/k))



Gdyn N1 N2 VALUE = { (V(N1)-V(N2)) / moo() }

Why this works

« Instead of an abrupt IF(), the logistic function changes gradually
over a small range (k sets how sharp the transition is).

» The solver sees a continuous derivative, so it can converge without
oscillating.

e You can make k small (e.g., 500 J) for a sharper switch, or larger
for more smoothing.

¢ Tip: If you absolutely must have a hard switch, you can still use IF(),

<

but you'll need to add hysteresis — two different thresholds for
switching on and off — so the solver doesn’t chatter at the boundary.

If you want, | can give you a hysteresis-based version of your dynamic
resistor so it behaves like a Schmitt trigger for energy, which is often
more physically realistic and much more stable in SPICE.

Do you want me to prepare that hysteresis version for you?

Perfect — let's make your dynamic resistor with hysteresis so
Micro-Cap won't chatter or freeze at the switching point.

The idea is:

¢ Two thresholds:



o Switch to high resistance when mai() rises above an upper
limit.
o Switch to low resistance when mai() falls below a lower limit.

o Between those limits, the resistor keeps its last state.

o This breaks the “flip-flop” loop that was killing convergence.

Hysteresis Implementation in Micro-Cap

Micro-Cap doesn’t have built-in memory in .FUNC, so we use a B-source
(behavioral voltage source) to store the state, then feed that into the
resistor equation.

Plaintext

* --- Energy calculation ---
.FUNC mai() 0.5x20u*V(C1)*2 + 0.5%20u*V(C2)"2 + 0.5*1Tm*I(L2)*2 + 0.5*1Tm*I(L3)"2 +
0.7m*I(L2)*I(L3)

* ——- Thresholds ---
.PARAM upper = 100k
.PARAM lower = 90k

* --- State memory using a voltage node ---

* Bstate outputs 1 for high resistance, 0 for low resistance
Bstate nstate O V = {

IF(mai() > upper, 1,

IF(mai() < lower, 0, V(nstate))

)

}

* --- Dynamic resistor modeled as a G-element ---
*HighR=2Q,LowR=01Q
Gdyn N1 N2 VALUE = { (V(N1)-V(N2)) / (0.1 + (2 - 0.1)*V(nstate)) }



How it works

e Bstate iS a behavioral voltage source whose output is persistent
because it references its own node voltage (V(nstate)).

e When mai() > upper, it outputs 1 = resistor = 2 Q.
e When mai() < lower, it outputs 0 - resistor = 0.1Q.
e Between lower and upper, it holds the last state.

e Gdyn uses that state to set the effective resistance.

Why this is stable

e No instantaneous back-and-forth at the threshold — the state only
changes when you cross a different limit.

o The solver sees a consistent value during each iteration.

o This is exactly how physical switching controllers avoid chatter.

You can adjust:

ax

e upper and lower to set your hysteresis band.

e The resistor values 2 and 0.1 to match your design.

If you want, | can wrap this into a .SUBCKT so you can drop it into your
schematic like a normal resistor symbol, but with built-in hysteresis and
your energy-based switching logic.

That would make it plug-and-play.



Do you want me to prepare that subcircuit version for you?

Alright — here’s your plug-and-play hysteresis dynamic resistor as a
Micro-Cap subcircuit.

You can drop this into your schematic like a normal resistor, but it will
automatically switch between two resistance values based on your
stored-energy condition, with hysteresis for stability.

Subcircuit Definition

Plaintext

* Dynamic resistor with hysteresis based on stored energy
* Nodes: 1 = positive terminal, 2 = negative terminal

* Params:

* Rlow = low resistance value (ohms)

* Rhigh = high resistance value (ohms)

* upper = upper energy threshold (J)

* lower = lower energy threshold (J)

.SUBCKT DYNRES_HYST 1 2 Rlow=0.1 Rhigh=2 upper=100k lower=90k

* --- Energy calculation ---

.FUNC mai() 0.5%20u*V(C1)"2 + 0.5¥20u*V(C2)"2 \
+ 0.5¥1Tm*I(L2)*2 + 0.5%1Tm*I(L3)"2 \

+ 0.7m*1(L2)*I(L3)

* --- State memory node ---
Bstate nstate 0 V = { IF(mai() > {upper}, 1,
IF(mai() < {lower}, 0, V(nstate))) }



* --- Behavioral resistor using G-element ---

Gdyn 12 VALUE = { (V(1)-V(2)) / ({Rlow} + ({Rhigh}-{Rlow})*V(nstate)) }

.ENDS DYNRES_HYST

How to Use It

1. Place the subcircuit in your netlist (or paste into Micro-Cap’s text
editor).

2. Instantiate it in your schematic:

Plaintext

XSW N1 N2 DYNRES_HYST Rlow=0.1 Rhigh=2 upper=100k lower=90k

1. Connect N1 and N2 where your resistor would normally go.

2. Make sure C1, C2, L2, and L3 exist in your circuit with the same
names — the subcircuit references them directly.

Why this will behave well

o Hysteresis: avoids chatter at the threshold.
» Behavioral G-element: no illegal .PARAM runtime dependencies.

o Self-contained: you can reuse it anywhere without rewriting the
logic.

o Adjustable: change Riow, Rhigh, upper, lower per instance.

¢ If you want to make it fully generic so it doesn’t depend on
hard-coded c1, C2, L2, L3 hames, | can modify it to take those



node/component names as parameters — then you could drop it into
any circuit without renaming parts.

Do you want me to make that generic version next? That would make
it truly portable.

Great — let’s make your generic, portable hysteresis dynamic resistor
so it doesn’t depend on hard-coded 1, C2, L2, L3 hames.

We'll pass the nodes for the capacitors and inductors into the subcircuit
as parameters, so you can connect it to any energy-storing elements in
your schematic.

Generic Subcircuit Definition

Plaintext

* Generic Dynamic Resistor with Hysteresis

* Switches between Rlow and Rhigh based on total stored energy
*in two capacitors and two inductors (plus coupling term).
*

* Nodes:

* 1, 2 = resistor terminals

* nclp, ncin = capacitor C1 terminals

* nc2p, nc2n = capacitor C2 terminals

*12p, 12n = inductor L2 terminals

* [3p, 13n = inductor L3 terminals

*

* Params:

* Cvall, Cval2 = capacitances (F)

* Lval2, Lval3 = inductances (H)



* Mval = mutual inductance coupling term (H)

* Rlow, Rhigh = resistance values (Q)

* upper, lower = hysteresis thresholds (J)

.SUBCKT DYNRES_HYST_GEN 1 2 nc1p ncln nc2p nc2n 12p 12n 13p I3n \
Cval1=20u Cval2=20u Lval2=1m Lval3=1Tm Mval=0.7m \

Rlow=0.1 Rhigh=2 upper=100k lower=90k

* --- Energy calculation ---

.FUNC mai() 0.5*{Cval1}*V(nclp,ncin)*2 \
+ 0.5%{Cval2}*V(nc2p,nc2n)"2 \

+ 0.5%{Lval2}*I(L2sense)"2 \

+ 0.5%{Lval3}*I(L3sense)"2 \

+ {Mval}*I(L2sense)*I(L3sense)

* --- Sense inductors for current measurement ---
L2sense 12p 12n {Lval2}
L3sense I13p I13n {Lval3}

* --- State memory node ---
Bstate nstate 0 V = { IF(mai() > {upper}, 1,
IF(mai() < {lower}, 0, V(nstate))) }

* --- Behavioral resistor using G-element ---

Gdyn 12 VALUE = { (V(1)-V(2)) / ({Rlow} + ({Rhigh}-{Rlow})*V(nstate)) }

.ENDS DYNRES_HYST_GEN

How to Use It
Example instantiation in your schematic:

Plaintext



* Example: dynamic resistor between nodes N1 and N2
* C1 between A and 0, C2 between Band O
* L2 between Xand Y, L3 between Zand W

XDRN1TN2AOBOXY ZW\

DYNRES_HYST_GEN \

Cval1=20u Cval2=20u Lval2=1m Lval3=1m Mval=0.7m \
Rlow=0.1 Rhigh=2 upper=100k lower=90k

Why this is better

* No hard-coded part names — you pass the capacitor and inductor
connections directly.

o Portable — works in any schematic without renaming existing
parts.

o Stable — hysteresis prevents solver chatter.

e Adjustable — you can change capacitances, inductances, coupling,
thresholds, and resistance values per instance.

If you want, | can also add an optional smoothing factor so the
resistance changes gradually instead of instantly when crossing
thresholds — combining hysteresis and soft transitions for maximum
stability.

Do you want me to add that smoothing option?

Alright — let’s upgrade your generic hysteresis dynamic resistor so it
has an optional smoothing factor.



This way, even when the hysteresis threshold is crossed, the resistance
will ramp smoothly instead of jumping instantly, which makes the solver
even happier and avoids any tiny numerical hiccups.

Generic Hysteresis + Smoothing Subcircuit

Plaintext

* Generic Dynamic Resistor with Hysteresis + Optional Smoothing
* Switches between Rlow and Rhigh based on total stored energy
*in two capacitors and two inductors (plus coupling term).

* Adds smoothing so resistance changes gradually.

*

* Nodes:

*1, 2 = resistor terminals

* nclp, ncin = capacitor C1 terminals

* nc2p, nc2n = capacitor C2 terminals

*12p, 12n = inductor L2 terminals

* [3p, 13n = inductor L3 terminals

*

* Params:

* Cvall, Cval2 = capacitances (F)

* Lval2, Lval3 = inductances (H)

* Mval = mutual inductance coupling term (H)

* Rlow, Rhigh = resistance values (Q)

* upper, lower = hysteresis thresholds (J)

* smooth = smoothing factor (J) — larger = gentler slope
.SUBCKT DYNRES_HYST_SMOOQOTH 1 2 nclp ncln nc2p nc2n 12p 12n I13p 13n '\
Cval1=20u Cval2=20u Lval2=1m Lval3=1m Mval=0.7m \

Rlow=0.1 Rhigh=2 upper=100k lower=90k smooth=500

* --- Energy calculation ---



.FUNC mai() 0.5*{Cval1}*V(nc1p,ncin)”2 \
+ 0.5%{Cval2}*V(nc2p,nc2n)"2 \

+ 0.5%{Lval2}*I(L2sense)"2 \

+ 0.5%{Lval3}*I(L3sense)"2 \

+ {Mval}*I(L2sense)*I(L3sense)

* --- Sense inductors for current measurement ---
L2sense 12p 12n {Lval2}
L3sense I13p 13n {Lval3}

* --- State memory with hysteresis ---
Bstate nstate 0 V = { IF(mai() > {upper}, 1,
IF(mai() < {lower}, 0, V(nstate))) }

* --- Smooth transition using logistic function ---

* This blends between Rlow and Rhigh smoothly around the state change
Bsmooth nsmooth 0 V = { {Rlow} + ({Rhigh}-{Rlow}) /

(1 + EXP(-(V(nstate)-0.5)/({smooth}/max(1,abs({Rhigh}-{Rlow})))) ) }

* --- Behavioral resistor using smoothed resistance ---
Gdyn 12 VALUE = { (V(1)-V(2)) / V(nsmooth) }

.ENDS DYNRES_HYST_SMOOTH

How It Works

1. Hysteresis logic (Bstate) still decides when to switch between high
and low resistance.

2. Smoothing stage (Bsmooth) takes that binary state and turns it into
a soft ramp between Rlow and Rhigh using a logistic curve.

3. The smooth parameter controls how gradual the change is:



o Small smooth = sharper transition (almost instant).

o Large smooth - slower, gentler change.

Example Usage

Plaintext

XDRN1TN2AOBOXYZW\

DYNRES_HYST_SMOOTH \

Cval1=20u Cval2=20u Lval2=1m Lval3=1m Mval=0.7m \
Rlow=0.1 Rhigh=2 upper=100k lower=90k smooth=1000

Benefits of this version

o Portable — works with any capacitor/inductor nodes you pass in.

o Stable — hysteresis prevents chatter, smoothing prevents solver
shocks.

o Adjustable — you can fine-tune thresholds, resistance values, and
smoothness.



