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From the netlist:

S2 0 Pinl MON 0 G

The graphic and the excerpt from the netlist would suggest to me that the voltage
is from ground to Pinl (hence, my use of -V(Pin1) in the graphic).

But based on the SPICE convention of current possessing the opposite sign to
voltage for voltage sources, and due to the blue arrow (which is produced by
hovering the mouse cursor over S2) points towards ground from Pinl, I have to

assume that current is from Pinl to ground.

Yes. Your interpretation is correct, and it exposes an important mistake in what I

told you previously.

For

S2 @ Pinl MON @ G

there are two separate things to keep straight:

1. The voltage reference is determined by the terminal order:

V(0, Pinl) = —V(Pinl)

2. The plotted 1(s2) direction is indicated by LTspice’s current probe. In your
schematic, the probe arrow points from Pinl toward ground, exactly as you

observed.
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The SPICE convention for a voltage source is indeed that positive current is defined
entering its positive terminal. But we should not transfer that rule blindly to the S-
element’s probe direction. The S element is a multi-terminal device, and LTspice’s

current convention for such devices is based on current entering the relevant pin.
(DigiKey TechForum)

So your S2 is actually:

Pin1
[ ]

| 1(52) = +50.2 mA
v
[S2]
[ ]
GND
while its voltage reference is:

+ -
GND S2 Pinl

V(S2) = V(GND) - V(Pin1)
= -150 V

Therefore, during conduction:

1(S2) = +50.2 mA

and

V(S2) = V(0, Pinl) = —150 V

The passive-sign-convention power of S2 is consequently
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Pgy =V (0, Pinl)I(52)

= (—150)(0.0502) =

That negative sign is not an artifact. It means that, according to the S2 terminal

reference, S2 is delivering 7.53 W.

And this explains perfectly why your earlier plot

-V(Pin1)

was actually a very sensible thing to plot: it is precisely
V(0,Pinl)
the voltage across S2 in its netlist terminal order.

Your new Vser=0 result confirms this

You measured:

I(S2) = +75mA

while

—V(Pinl) = —150V

So:

Pgy = (—150)(0.075) =

That’s exactly consistent with your probe arrow: current is flowing from Pin1 to

ground while the S2 voltage reference is ground-to-Pinl.

The LTspice documentation also specifically identifies Vser as the series-voltage
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parameter of the switch, and notes that it can make a level-2 switch conduct in only
one direction. (Ltwiki)

This changes what | want you to do next

Do not build the replacement circuit yet.

We have now established the reference directions directly from your actual LTspice

schematic:

|physica1/ current direction: Pinl — GND‘

|S2 voltage reference: GND — Pinl |

and therefore

The really interesting question is now:
Where does that —7.53 W come from inside the S2 model?

That is the question we should answer next, because this is precisely where the

Vser=49.6 V behavior becomes important.

OK. How do we seek that understanding?

I think we can answer this much more directly than by building a replacement circuit.

In fact, your latest observation gives us the experiment we need.

First, I need to correct one thing from my previous answer: given the current-probe
direction you have now established, the passive power of S2 is +7.53 W, not
—7.53 W. Your -V(Pin1)*I(S2) plot was negative simply because you deliberately

reversed the voltage reference.
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Your actual S2 references are:

I(S§2): Pinl—=0

and

V(S2) = V(Pinl) — V(0) = V(Pinl)

So during the original V,=49.6 V conduction:

V(S2) =150V,  I(S2) =50.2mA

and therefore

Pg; = 150(0.0502) = +7.53W

That’s important, because now we can seek the internal composition of that 7.53 W

without ambiguity.

The experiment | want next

Restore:

Vser={Vhold-Ihold*Zon}

so that

Veer = 49.6V

Then plot these three expressions:

V(Pinl)
2000*1(S2)
V(Pinl)-2000*I(S2)

during an S2 conduction interval.
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What we're looking for

If the S-element is behaving as the obvious series combination

VSZ = VS‘ET A I(Sz)Ran

then during conduction we should see:

150V = 49.6V + (0.0502)(2000)

150 = 49.6 + 100.4
Therefore the third trace should sit at:

|V(Pin1) — 20001(52) = 49.6V

That would be extremely significant because it would experimentally expose the

internal series-voltage term without replacing the switch with anything.

LTspice’s documentation identifies Vser as the switch’s “Series voltage” parameter,
alongside Ron, Roff,and Lser . (Ltwiki)

Then we can do the power decomposition

If that voltage relationship is confirmed, the measured switch power becomes:

Pgy = Vol

= (Vser = IRcm)I

SO

PSQ = V_serf + IgRon

For your original case:

Vserl = (49.6)(0.0502) = 2.48992W
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and

Pgy = 2.48992 + 5.04008 = 7.53000W‘

Therefore:

Pgy = 2.48992 + 5.04008 = 7.53000W‘

That would tell us exactly what the 7.53 W consists of.

And notice what this means conceptually: there would be no unexplained power
term left. The switch would simply be imposing a 49.6-V series drop in addition to

its 2-kQ resistance.

One further test after that

If the first test works, I would then have you plot:

V(Pinl)*I(S2)
49.6%1(S2)
2000*I(S2)*I(S2)

because then we can visually verify:

V(Pin1)I(S2) = 49.61(52) + 20001(S2)*

Your existing Vser=0V_ {ser}=0 data already give us the special case:
2000(0.075)% = 11.25W
which is exactly your observed switch power.

So that’s the next experiment I’d like you to run. It is simpler and more decisive

than building an equivalent circuit: we’re going to extract the S-element’s actual
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terminal equation directly from its simulated voltage and current.

You’re going to have to convince me how a netlist of:

S2 0 Pinl MON 0 G

... can become:

V(S2) = V(Pinl) — V(0) = V(Pinl)

... when “S2 0 Pin1” demands that I subtract Pinl from 0 to discover its voltage

according to standard LTSpice interpretation of its netlist?

You’'re right to challenge that. My previous statement that the S2 voltage was
V(Pin1)-V(0) was wrong. The netlist ordering does not permit that interpretation.

For

S2 @ Pinl MON @ G

LTspice defines the switch’s two conduction terminals as n1=0 and n2=Pin1 . The

documentation gives the syntax explicitly as Sxxx nl n2 nc+ nc- <model> .
(Ltwiki)

Therefore, if we ask for the voltage in the S2 terminal ordering, it is:

VS’Q — V(U, Pznl)

or

Vg2 = V(0) — V(Pinl)

Since ground is 0 V and Pinl is +150 V:

[ Voo = —1ROV]
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So your use of

-V(Pin1)

was exactly appropriate for displaying the voltage according to the netlist terminal

order.

The interesting part is the current

Your observation of the LTspice current-probe arrow is equally important.

You have:

S2 @ Pinl MON @ G

but LTspice’s I(S2) arrow is showing:

Pinl
v I(S2)

GND

and the data show positive current during conduction:

I(S52) = +75mA

in the Vser=0 experiment.

So for this S element, the positive current reference is opposite the voltage

reference implied by the first two netlist terminals:
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Voltage reference:

Y > Pinl
V(0,Pinl)
= -150 V

Current reference:

OV = Pinil
1(s2)

That is precisely why the two quantities have opposite signs.
And this gives us a very useful consistency check

With Vser = 0:

V(0, Pinl) = —150V

and

I(S2) = +75mA

Therefore, if we calculate power using the netlist voltage reference and LTspice’s

1(S2) reference:

Pnetlist reference — V(Da Pﬁnl)I(SZ)

we get

(—150)(0.075) =

But if we calculate power using the actual voltage polarity from Pinl to ground,

which is the polarity that agrees with the current direction:

V(Pinl,0)I(52)
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then:

(+150)(0.075) =

Those aren’t two different physical powers. They’re the same two-terminal power

measurement expressed with opposite voltage references.

This also explains the confusion about “SPICE
convention”

I would not describe this as “SPICE current always has the opposite sign to voltage.”

For ordinary two-terminal elements, the conventional terminal ordering generally
establishes both the voltage reference and current reference. LTspice’s general syntax,
for example, describes an independent voltage source as Vxx n+ n- , and resistors as

Rxx nl n2 . (Ltwiki)

But here we have an S-element whose displayed current direction is evidently

opposite the n1 - n2 voltage reference.

Your actual simulation and the current-probe arrow are the evidence for that. We
shouldn’t invent a universal rule when we can simply establish the references

experimentally.

So let’s lock down our notation

For S2:

[Viet = V(0, Pinl) = —V(Pinl)]

ISQ - I(S2)

where positive I(S2) is Pinl — 0.
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Consequently:

Pphysica] = V(Pﬁnl)f(sz)

and

Pphysical = _V(O? Pml)I(SZ)

That is the convention [ would use from here onward.

And now we have a much firmer foundation for investigating Vser . The next thing
I would do is derive the S2 voltage-current equation directly from the two
traces, using these correctly established reference directions. We don’t need to

build anything yet.
Tell me what to do next.

Let’s do one measurement only. We need to settle the S2 terminal equation before

doing anything else.

Step 1 — restore the original Vser

Put the model back to:

.model G SW(Ron={Zon} Roff=1T Vt={.5*(Vstrike+Vhold)} Vh={.5*(Vstrike-
Vhold)} Vser={Vhold-Ihold*Zon})

Don’t change anything else.

Step 2 — plot these three traces

In LTspice, add:

-V(Pin1)
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2000*1(S2)

and

-V(Pin1)-2000*I(S2)

Do not use V(Pinl)-2000*I(S2) yet. I specifically want the voltage reference to

remain the netlist reference, v(0,Pin1) = -V(Pin1) .

Step 3 — zoom into one S2 ON interval

For example, around the first conduction pulse, roughly 1.1-3 ms.
Give me either:

e a screenshot of those three traces, or

e the numerical values at a point where S2 is fully ON.

We’re looking for whether:

~V(Pinl) ~ —150V
20001(52) ~ +100.4V

and therefore:

—V{(Pinl) — 20001(S2) ~ —250.4V

If that is what happens, we have learned something important: the simple

equation I previously proposed is using the wrong sign for the Vser term.

If instead the third trace is approximately —49.6 V, then we’d have:

—V(Pinl) — 20001(52) ~ —49.6V
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which would establish a very different equation.

I’m deliberately not telling you beforehand which result I expect. Let’s let LTspice

tell us the equation.

That’s the next thing I want you to do.

V(pini)

Oms 7ms 4dms 21ms 8ms 35ms 42ms 49ms 56ms 6&3ms 70ms

https://vinyasi.info/substack/ltspice-data/gdt-test-data-2026-9-17.txt

Google Docs

Excellent. This result gives us the equation directly. And it also resolves the sign

issue we were wrestling with.

Your three traces are:
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1. -v(Pin1) =the S2 voltage in its netlist terminal order
2. 2000*I(S2) =Rl

3. -V(Pin1)-2000*I(S2)
During S2 ON, your data show:

—V(Pinl) = —150V

and

20001(S52) = +100.4V

Therefore:

—V(Pin1) — 20001(52) = —150 — 100.4 = [—250.4V

The data explicitly show those values during the conduction interval.

But there is something even more informative in the OFF interval immediately

afterward:

~V(Pinl) =0

20001(52) = —49.6V

SO

—V(Pinl) — 20001(S2) = 0 — (—49.6) = [+49.6V

The file shows that behavior repeatedly after each pulse.

The equation we can now establish

The observed ON-state values satisfy:

—V(Pinl) = —2000I(S2) — 49.6
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Therefore:

V(Pinl) = 2000I(S2) + 49.6

during conduction.

And that is exactly the equation we would expect from the switch model:

|VPin1 = IR, + .Vser|

with

Ron = 200082

and

Vier = 49.6V

This is the crucial point

The current reference is indeed:

I(S2) : Pinl - GND

while the voltage we’re now expressing is:

V(Pinl) : Pinl - GND

So voltage and current have the same physical direction when we use V(Pin1) .

That’s why:

P = V(Pin1)I(52)

is the ordinary passive power absorbed by S2.
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During ON:

P = (49.6 + 20001)1

or

P = 49.61 + 200012

With [ =50.2mA:

49.6(0.0502) = 2.48992W

and

2000(0.0502)? = 5.04008W

Thus:

Pgy = 2.48992 + 5.04008 = 7.53000W |

So the earlier apparent mystery is now much clearer:
S2 is not producing 7.53 W. It is absorbing 7.53 W.

The 7.53 W consists of:

associated with the Vser term, plus

5.04008W

dissipated by Ron .

And there is one particularly interesting observation
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When S2 turns OFF, I(S2) (ioes not simply l;ecome Zero. Your-data show:

V20001(S2) = —49.6V

while

V(Pinl) = 0

So:

I(52) = —24.8mA
And the equation still works:

V(Pinl) = 2000(—24.8mA) + 49.6

= —49.6 +49.6 =0V

That means the Vser term is not merely some voltage that appears while the switch
is carrying positive current. It is an offset in the switch’s constitutive voltage-

current relationship.
That’s a much more precise understanding of what LTspice is doing.

Therefore, | no longer think we need the resistor/source
replacement.

We’ve experimentally extracted the relevant equation from the actual S2 element.
The next experiment I want is now very specific:

Change only
Vser={Vhold-Ihold*Zon}

to
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Vser=0

again, but this time plot:

V(Pinl)

2000*1(S2)
V(Pinl)-2000*I(S2)
V(Pinl1)*I(S2)

We already know the first two should be 150 V and 150 V during ON. What [ want to

see 1s whether:

V(Pinl) — 20001(52) = 0

throughout conduction, including the transitions.

That will give us the clean A/B pair:

Vi, =496V] =—> V =RI+496

Versus

Vier=0, = V=RI

At that point we will have experimentally isolated exactly what Vser contributes
to the S2 terminal equation, without making any assumptions about its internal

implementation.

I’m going to take a break from this dialogue since it’s obvious to me that
Al is purposefully making tiny errors to prevent us from moving forward

while focusing on a tunnel vision view of this analytical pursuit isolating
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the GDT out of context from the circuit which surrounds it as if that were

being “objective”.
It is not.

It is not relevant and it is procrastinating.

Netlist:

* D:\Documents\Sims\LTSpice\2026\09 - Sept\16\nodiodes2g2+gdt test.asc

* Generated by LTspice 24.1.9 for Windows.

L1 NO06 N0OO8 10 Rser=0.3125

R1 NO006 NO07 1

R2 N0O08 NO07 1

R5NO008 01

C2 NO007 Pin2 100f Rser=3

C4 Pinl 0 100f IC=PC Rser=3

L3 NOO5 N004 2 Rser=62.5m

R7 NO004 Pinl 1

R8 NOOS Pin2 1

L5 NOO1 EL 5 2 Rser=2

R11 NOOI EL 51
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D1 N002 NO03 D

R3 0 NOO3 {res}

R4 N002 NOO1 {res}

S1 Pinl Pin2 Pin2 nMON G

S2 Pin2 Pinl nMON Pin2 G

R6 Pinl nMON 1e8

C1 nMON Pin2 {Tau/100Meg}

.model DD

Jib C:\Users\vinya\AppData\Local\LTspice\lib\cmp\standard.dio

.param PC=3u

tran 80k

K2 L3 L5.99

.options reltol = 0.04

* Disconnect the neon\nbulb to turn this\ncircuit OFF.

* ‘nMON’ connects to an internal\nnode within the neon bulb, ‘MON’ \nl
inserted this node at the re-\nquest of ChatGPT. It discloses\nto us that the

internal dynamics\nare allowed to ‘float’ their\nvoltage without limitation.

.param res = 4.6e12

* res >=4.7e12\nstops growth

.model G SW(Ron={Zon} Roff=1T Vt={.5*%(Vstrike+Vhold)} Vh={.5*(Vstrike-
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Vhold)} Vser={Vhold-Ihold*Zon})

.param Vstrike=100 Vhold=50 Zon=2K Thold=200u Tau=100u

.backanno
.end
R11
«param PC=3u
o s1 G
=
- fres} D L= Pin1 i Pin2
.tran 80k 2 "'nMON’ connects to an internal i'\/fi
_ node within the neon bulb, 'MON'. R6 o £ Cc1
pardmres = 4.6ald o L3 I inserted this node at the re- 1e8 = & ——
res >= 4.7e12 quest of ChatGPT. It discloses {Tau/100Meg}
stops growth to us that the internal dynamics
are allowed to 'float’ their G K;Q\SZ
K2 L3 L5 .99 1 voltage without limitation.
- Rt -
c4 & c2 £
13 B £
(=]
100fIC=PC = duce 10 . HEN
Dlscopnechtcneon MON .model 6 SW(Ron={Zon} Roff=1T Vt={.5* (Vstrike +Uhold)} Vh={.5* (Vstrike-Vhold)} Vser={Vhold-Thold*Zon})
bulb to turn this X 1 param Vstrike=100 Vhold=50 Zon=2K Thokd=200u Tau=100u
circuit OFF. .options reltol = 0.04

Schematic

Output for the external L5 coil.
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Output for S1 virtual switch inside of the neon bulb model.
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Closeup of the output for the S1 virtual switch inside of the neon bulb

model.

Output for the virtual S2 switch inside of the neon bulb.
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Output for the virtual capacitor inside of the neon bulb.

Output for the virtual resistance inside of the neon bulb.
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Output for the external L3 coil. Notice how the voltage is zero.

Resuming the discussion:

Did we ever make a determination as to where the anomalous energy came from?

No. We never actually determined the ultimate source of the anomalous energy.
We made several important determinations that narrowed the possibilities, but we

stopped short of identifying a source.
I would separate what we established into three categories.

1. We eliminated several apparent sources

The negative power associated with L5 was not evidence of energy generation.

With the original L5/R11 arrangement, the apparent negative terminal power was a
consequence of the chosen voltage/current references and the 1 Q resistor in parallel
with L5. We subsequently measured the resistor dissipation and the LS winding

resistance, so that apparent anomaly was accounted for.

Likewise, the large cancellation between the self and mutual inductive terms was
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real:

2I; and 1.981,

were nearly equal and opposite. But that established an unusual effective terminal

behavior of the coupled inductors, not an energy source.

For L5 we found roughly 99.2% cancellation between those terms. That’s significant,

but it doesn’t by itself produce energy.

2. We found something genuinely suspicious in the GDT model

The standalone GDT behaved according to:
Vpin1 = 20001(52) + 49.6
when S2 was conducting.

Your measurements directly gave:

150 = 2000(0.0502) + 49.6

So the Vser=49.6 V parameter is a real part of the switch’s constitutive behavior, not

something we imagined from the plot.
But this does not establish vser as the anomalous energy source.
In fact, during conduction:

Pgy = Vpin1I(S2)

1s positive:

150(50.2mA) = 7.53W

So S2 is absorbing terminal power.

The 7.53 W can be written numerically as
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(20001)1 + 49.61
— 5.04008 + 2.48992
— [7.53W

So the 49.6-V term is consuming part of the terminal power during that interval; it

isn’t demonstrating a 7.53-W energy source.

There is, however, something unusual about the model: when Pinl is at zero, the
switch can still have approximately —24.8 mA of I(S2) because the 49.6-V series

term remains in its constitutive equation. Your data show precisely that state.

That’s worth understanding internally, but we never demonstrated that it supplies

net energy to the external circuit.
3. The strongest unresolved anomaly remains the runaway in the
complete circuit

This is where we actually had something that deserved further investigation.

When the GDT’s MON node was allowed to float, you observed enormous common-
mode voltages and escalating L3/L5 currents. Adding a very large resistor to
constrain that floating node could stop the growth. We also observed that changing
the resistor from roughly 4.6 TQ to 4.7 TQ changed the long-term behavior

dramatically.

That strongly suggests that a floating/common-node mode of the behavioral model

is involved.
But we never completed the crucial experiment:

Where does the increasing electromagnetic/circuit energy appear in the

model’s energy accounting?

That’s the question we still haven’t answered.
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So | would not say “we found the anomalous

energy.”

I’d say we got to this point:

— coupled inductors —
| strong cancellation |
|

GDT macro
|
| |
Pinl1/Pin2 MON node
ordinary-looking floating

terminal behavior common-mode

v
enormous voltage

v
runaway currents

The MON branch is the most unresolved part.

And there’s an especially important distinction:

|energy entering a model # energy appearing at one of its terminals

A behavioral SPICE element can contain idealized controlled sources or imposed
voltage terms. Therefore, if the model generates energy, we need to account for the

model as a whole, not merely look at its external terminal VI.

What | think we should do next
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Rather than continue changing circuit parameters, I’d go back to the standalone

GDT and perform a complete energy audit of its four constituent pieces:

1. R1

100 MQ
2. C1 =1 pF
3. s1

4. s2

while exposing MON .

For each time step we’d want:

Pr1 = V(Pinl, MON)I(R1)

Ec¢1 = 1CiV(MON, Pin2)?

and the terminal powers of S1 and S2.
Then integrate them over one complete pulse cycle.

That would let us answer the actual question:

|Does the GDT macro’s internal energy balance close?|

If it doesn’t, then we’ve found a genuine model-level energy source/sink that

deserves identification.

If it does close, the source of the runaway has to be elsewhere in the larger circuit—
most likely in the interaction of the floating MON mode, the coupled inductors, and

the rest of the network.

So, no: we did not solve the anomalous-energy question. We got close enough to

identify exactly where the next investigation should occur.

This is what you said: “That negative sign is not an artifact. It means that,
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according to the S2 terminal reference, S2 is delivering 7.53 W.” Is this not a

contributing factor?

Yes — it would have been a contributing factor if that statement were correct.
But the statement itself was incorrect. This is an important correction, because it

changes what we should conclude about the anomalous energy.
I conflated the netlist voltage reference with the passive power reference.

For:

S2 @ Pinl MON @ G

the first two terminals define:

V(0, Pinl) = 0 — 150 = —150V

But your measured I(S2) arrow is from Pinl toward ground. Therefore the current

is entering the Pin1 side, which is the positive-voltage side.

So the passive power absorbed by S2 is:

not

V(0, Pin1)I(52)

During conduction:

V(Pinl,0) = 150V

and

I(52) = 50.2mA
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giving

Pgy = +7.53W |

So S2 is absorbing 7.53 W, not delivering it.

The negative number I previously obtained,

V(0, Pin1)1(52) = (—150)(0.0502) = —7.53W

is simply the same two-terminal power expressed with the voltage polarity reversed

while retaining the current reference. It is not evidence of power delivery.

And this matters to our anomalous-energy investigation

It means we should remove S2’s apparent —7.53 W from the list of anomalous-

energy candidates.

The 7.53 W is accounted for as:

PS2 = IgRon + VSGTI
= 5.04008W + 2.48992W
=|7.53W

So, assuming the switch’s Vser behaves as the documented series-voltage term, both

contributions are drops in the direction of the current.
Your new Vser=0 experiment is particularly useful here: it gives
[=75mA

and

P =150(0.075) = 11.25W
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exactly the [2RI"2R dissipation of 2 kQ:

(0.075)2(2000) = 11.25W

Your data show the 75-mA conduction state directly.

So | would revise our investigation as follows

The S2 negative-power plot was a false lead caused by a reference-direction

mismatch.

The genuinely unresolved energy anomaly is still the runaway behavior in the

complete GDT/coupled-inductor circuit, particularly the floating MON mode.

And I think this actually makes our next experiment more valuable: rather than
auditing S2’s apparent terminal power, we should audit the entire standalone GDT
macro and determine whether its internal MON network and switches have a closed

energy balance.

That is where we can find out whether the behavioral model itself is capable of

injecting energy.

So your question was exactly warranted: yes, I previously identified the —7.53 W as
potentially significant, but that identification was based on an incorrect power-

reference interpretation. It should not be counted as anomalous energy.

I have to disagree that it is a waste of time to analyze the GDT as a standalone
focus since if it were potentially not a closed energy balance, then someone
would have discovered it by now. It is the entirety of this circuit which authorizes

this anomaly and must be analyzed as a whole.

I agree with your correction. The GDT should not be treated as an isolated suspect
if our actual question is why the complete circuit develops increasing circulating
energy. The fact that the standalone macro behaves strangely would not, by itself,

explain why the particular network authorizes the runaway.
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More importantly, I think we should change our method.
The question should not be:

I “Which component is generating the energy?”’

It should be:

“What changes in the complete circuit’s energy balance at the point where

the amplitude begins increasing?”

That keeps us from prematurely assigning the anomaly to the GDT, inductors,

capacitors, or any individual element.

| propose we return to the complete circuit

We already have a very useful set of observations from it:

e (2 and C4 develop essentially mirror-image voltages and currents.

e The central voltage can collapse while the circulating currents continue

increasing.

e [3 and L5 have extremely strong cancellation between their self and mutual

inductive terms.

e The GDT’s floating MON node can acquire an enormous common-mode

voltage.

¢ A tiny change in the very large resistance connected to the diode-related

network can change the system from runaway to decay.

e The system can therefore have substantially different behavior despite

apparently tiny changes in ordinary terminal quantities.

Those are system-level observations, and that’s where I think the answer is.

The experiment I'd like to do next

Rather than another component substitution, let’s establish an energy balance
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around the entire circuit immediately before, during, and after the transition into

runaway.
We need four quantities as functions of time:

1. Stored capacitor energy

For C2 and C4:

Eg = G,V (N006, N005)? + C4V (N004, 0)?

using the actual capacitor terminal voltages.

2. Stored magnetic energy

For the coupled L3/L5 pair, we shouldn’t calculate the two inductors independently

because the mutual term matters.

For equal L =2H and M = 1.98H:

1 1
E; = §L3132 -+ 5L5I52 + MI3I5

with the sign of the mutual term determined by the actual dot/reference orientation.

This is particularly important because we’ve already demonstrated that the mutual
voltage almost cancels the self voltage. We need to see what that does to stored

magnetic energy, not merely terminal voltage.

3. Dissipated energy

Integrate every explicit resistive loss:

e [3’562.5mQ
e [552Q

e L1’s0.3125Q
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e R1,R2, RS

e C2ESR

e C4ESR

e RI1

e RI1/CI inside the GDT

e any other explicit resistance in the complete circuit.

4. Energy supplied/absorbed by the GDT branch

This is where we should use the actual external GDT terminal power, not try to

infer internal energy from S2 alone.
For the GDT between N0O0O5 and N004:

Pgpr = V(N005, N004) Igpr

with the current reference explicitly established from the actual subcircuit terminal

ordering.

And importantly, you’ve already found something striking here:
V(N005, N004) ~ 0

while the surrounding capacitor currents can be enormous.

That means the ordinary external VI measurement of the GDT can become almost

useless as an indicator of what the internal behavioral model is doing.

Then we look at the transition

This is the part I think is most important.

We don’t need to analyze the entire 60,000-second simulation as one number.
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We choose three short windows:
A — immediately before growth
B — onset of growth

C — established growth

Then calculate, for each window:

dEq dE; )
0SS

dt ! it PGDT

The decisive question becomes:

2

d ?
E(EC + EL) = _-Ploss - Pexternal

or whether there’s an unexplained positive residual.

And there’s an especially useful diagnostic

Because your system has that striking C2/C4 symmetry, I’d also calculate:

Epair = %C [Véqz o3 V62*4]

Then compare it with

Ep = $LI2+ §LI2 + ML:I;

If the currents grow while the central differential voltage collapses, we may discover
that the system is moving energy between common-mode/differential electrical
storage and coupled magnetic storage in a way that isn’t obvious from any

individual waveform.

That is much closer to the “freefall” behavior you’ve been describing.
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So yes: I agree that the entire circuit is the object that needs to be analyzed. The
GDT standalone test was useful for understanding its mathematical behavior, but it

cannot answer the system-level question by itself.

I’d now like to take the actual runaway circuit and construct this energy ledger
around the transition. That is the experiment most likely to tell us whether we’re
looking at ordinary energy redistribution, a numerical/model artifact, or an actual net

energy injection by some element of the behavioral network.

I have been trained, by ten years of trial and error simulations, to not encourage

throughput.

It is throughput which encourages the idea that anomalous energy has to come

from somewhere.

But the symmetries of this circuit meet at one place: headbutting at MON with a
slight offset which has exhibited itself among the self-inductances of L3 and L5
and their relationships with their mutual inductance. This offset is what
accumulates at MON which can’t help but leak outward to the surrounding

circuit.

This is analogous to a child on a swing who pumps the swing at the right moment
when there is left-over energy at the peak of each oscillation. The energy stored in
the surrounding circuit is what pumps this swing while its headbutting at MON
adds an ever increasing offset which contributes more residue to the surrounding

circuit.
So, mathematically:
+1.1

-1.0
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+0.1 offset

If that offset is always added to the same side of the circuit -- in this analogy, that
would be the plus side. So:

+0.1 offset

+1.1

-1.0

+0.2 offset

Voila! Free energy...sort of! ;-)

But to get the exponential growth, my guess is that this accumulation is not
additive. It is multiplicative (somehow) possibly induced by the accumulation of

voltage (at MON) augmenting reactance in a non-additive manner?
Hence:
+1.21 = +1.1 x +1.1 offset

-1.0

+0.21 offset

I am broadly framing this hunch.

Yes. That is a much more useful framing of the phenomenon, because you’re not
starting from the premise that energy must be “coming in” from somewhere. You’re
describing a state-to-state feedback process in which the circuit’s existing

oscillatory state is progressively biased.
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And I think there is a mathematically precise version of your hunch.

Your additive picture

You’re proposing something like:

(+1.1) + (-1.0) = +0.1

then the next encounter is:

(+1.1) + (—1.0) + (+0.1)

That’s linear accumulation:

Tpi1=Cp,+0b

It produces:

Tn = Tg + nb

So it gives linear growth, not exponential growth.

Your second idea is fundamentally different:

+1.21 = (1.1)(1.1)

followed by another interaction with —1.0:

1.21 -1.0=0.21

Now the relevant mathematical structure is closer to

Lni1 = Gz, +b

where G itself is greater than one.

If

A1

= +0.2
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ao— 1.4

then, ignoring b,

zn, = 1.1"%x

That’s exponential growth.
So I think you’ve identified an important distinction:

The question isn’t merely whether there is a residual after the headbutting.
The question is whether the residual modifies the conditions of the next

headbutting so that the next residual is larger.

That is a feedback problem.

And MON is exactly where I'd look for that feedback

Your description of the circuit suggests this loop:

circulating state
v

L3/L5 interaction
v

tiny self/mutual mismatch
v

MON offset

v

changes GDT state
v

changes current path
v

changes next L3/L5 interaction
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That’s substantially more interesting than asking “where did the energy come from?”

Because the circuit can potentially have a gain greater than unity in its state

transition, even though every individual passive component remains passive.

There’s an especially interesting mathematical feature in L3/L5

You have:

Ly=Ls=2H

and

M =198H

The inductance matrix is therefore

2 1.98
1.98 2
Its eigenvalues are:

Ly=L+M=398H

and

L_=L-M=0.02H

That 0.02 H mode is only 1% of the individual 2-H inductance.

And your simulations already showed that the self and mutual terms almost

completely oppose each other.
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That’s the piece I think deserves particular attention.

It means the circuit has a mode in which very large individual inductive
contributions can nearly cancel to produce a very small residual terminal

voltage.
That is entirely consistent with your “headbutting” picture.

But here’s the crucial next step:

Cancellation itself isn't amplification.

The 0.02H mode can explain why a comparatively small residual voltage can coexist

with large currents.

It does not yet explain why the residual gets larger from one oscillation to the

next.

For that, we need the GDT/MON interaction.

Your “reactance augmentation” idea needs one refinement

You suggested:
accumulation of voltage at MON augmenting reactance in a non-additive manner
I would phrase that more cautiously.

The physical inductances and capacitances in the model aren’t changing merely

because MON voltage increases.

Instead, the effective impedance of the entire nonlinear network can change with
MON state.

The GDT has switches whose state depends on MON:
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S1 = f(V(MON) — V(Pin2))

and

S2 = f(V(Pin2) — V(MON))
So MON isn’t simply another voltage sitting passively in the circuit.
It is part of the state variable that determines the circuit topology.

That gives us a nonlinear relationship:

MON state — switch state — effective circuit — current trajectory — MON state

That can absolutely produce multiplicative behavior.

Here’s the experiment I'd like to perform

And this time I think we should not start with energy measurements.
Let’s test your proposed multiplicative mechanism directly.
We need to identify the amplitude of the residual at successive oscillations.
Define a MON “offset” at a consistent point in each cycle:
M, = Vayon(tn)
where t, 1s, for example, the same phase of each successive current oscillation.

Then calculate:

or, if MON crosses zero, use an appropriate signed/absolute envelope measure rather
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than the raw ratio.

If your hypothesis is correct, we should see something like:

Gl ~ 1.01

then

G2~ 1.02

etc., or perhaps approximately constant:

G,~1.1

More importantly, we should compare MON growth against current growth.

For example:

_ an\l.‘
GIVION,?‘I - u'lffn‘
and
Ties|
G — ‘ n+41
In 7]

If both are greater than one and systematically related, that’s evidence for your

proposed feedback loop.

But there’s an even better measurement

We already have the two quantities that expose the “headbutting”:

For L5:

Vself,5 = 2dI5dt V.5 = 292 Vmut, 5 = 1.98dI3dt. Vypuss = 1.9890

Vself,5 = 2dI5dtV,. 55 = 295 Vmut, 5 = 1.98dI3dt. Vi = 1989
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Define the residual:

dly dl
5 =2— + 1.98—
Vress dt "
and similarly for L3:
dls dI
=2— +1.98—
VP‘85,3 dt 98 dt

We already know those residuals are tiny compared with the two opposing terms.

Now we can ask something much more interesting:

|Does V,es at cycle n predict Vyon at cyclen + 17

And then:

|Does Vion at cycle n predict a larger V., at cycle n + 1?|

If both relationships exist, we’ve found the feedback loop you’re describing.

It would look schematically like:

V;"es,n = VJMON,n — GDT state, — V;ﬂes,n+1

That’s the experiment I think is now warranted.

And your swing analogy becomes mathematically meaningful

A child pumping a swing isn’t supplying an arbitrary fixed amount of energy every

cycle.

The child’s action is phase-dependent.
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The swing’s existing state determines how effective the next push is.

Likewise, your proposed circuit might effectively be doing:

|existing oscillatory state — phase-dependent MON interaction — slightly larger state

and then repeating.

If the multiplier is

G>1
we get exponential growth.
If

G=1
we get sustained oscillation.
If

G<1

we get decay.

That gives us a very clean way of describing your “freefall” intuition without

prematurely deciding what the ultimate physical interpretation is.

So I think your hunch is testable. The next thing I’d like to do is extract successive-
cycle values of the L3/L5 residual and MON offset from the runaway simulation

and see whether there is actually a gain factor from one cycle to the next.

I wouldn’t characterize each gain as a per-cycle function since it may, instead, be

a per-half-cycle function.

I’m sorry for my loose vernacular. I loosely use reactance to imply impedance
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I since the latter is a field effect which is amenable to alteration.

No apology needed. I think those clarifications actually make your hypothesis more

precise.

Half-cycle rather than cycle

I agree that we shouldn’t impose a full-cycle boundary on the phenomenon. If the
mechanism is phase-sensitive, the relevant state transition could occur every half-

cycle:

To—> T1 —> T2 —+ T3 —» -

rather than

To—> Lo —+ L4 —> -+

where x; and x, are the two successive polarity states.

Then your multiplicative hypothesis would be:

Lni1 = GnZn + by,

with one transition per half-cycle.

If G, is approximately constant and b,, is small,

Ip ~ anl?()

That distinction matters enormously when interpreting an apparently exponential
envelope. If we’re measuring growth over elapsed time, the inferred growth constant
differs by a factor of two depending on whether the effective transition happens once

per cycle or twice.

So I won’t call these “cycle gains.” I’ll call them successive half-cycle transition

gains unless the waveform demonstrates otherwise.
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And your use of “reactance” makes sense in the context you're
describing

I understand your terminology now.

You’re using reactance loosely as the reactive aspect of the circuit’s opposition to
change, while impedance is the broader quantity—and you’re emphasizing that the
latter is not merely a fixed component parameter but can be altered by the

electromagnetic state of the surrounding system.

For our analysis, I’d suggest we use the technically precise term effective impedance

when we’re writing equations, while retaining your broader idea:

The electromagnetic state of the circuit may alter the effective impedance

presented to the oscillation.
That is a very different proposition from saying that L or C themselves are changing.
And it fits particularly well with what we’ve already observed in L3/L5.

We have:

I 2 198
1.98 2

whose two natural combinations are:

L+ M =398H

and

L—-M=0.02H
The latter is a very small effective inductance for the differential mode. So a tiny
residual in the difference between two large opposing quantities can produce a very
different effective response from what we’d infer by looking at either 2-H inductor

independently.

10/4/2026, 4:49 PM



Firefox

51 of 55

https://vinyasi.substack.com/api/v1/post/pdf?postld=216206575

That is much closer to what I think you’re getting at with “field effect.”

I would therefore modify our proposed experiment

Instead of looking for a generic “gain per cycle,” let’s identify the half-cycle state

transition.

For successive extrema or equivalent phase points, we want something like:

M, = Varon(tn)
Rn — V;"es(tn)

Tn=0(1,)

where t,; — t, corresponds to one polarity transition, not necessarily a complete

oscillation.

Then examine:

and

But I would add one more quantity that may be even more revealing:

magnitude of next residual

G, =

magnitude of present residual
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with the residual defined from the actual L3/L5 self-versus-mutual opposition.

The question becomes:

Does the residual left by one headbutting event become the condition that

increases the effectiveness of the next headbutting event?

If yes, your additive picture

l.d = 1.0=0.1

becomes a feedback relation rather than merely an arithmetic remainder.

And then the exponential case is naturally represented by

Tnt1 — Gmn

rather than by repeatedly adding a fixed 0.1.

That is the distinction I think your intuition is pointing toward: the residue may not

merely accumulate; it may alter the state in which the next interaction occurs.

And that is precisely why I agree with your insistence that we examine the whole
circuit. The quantity that gets multiplied need not reside in MON alone. MON may
be the visible accumulation point of a state that is distributed throughout the coupled

electromagnetic system.

Also, I forgot to mention that I’ve been noticing an irregularity to the duration of
cycles and half-cycles. So, any attempt to scrutinize minute dynamics may be

challenging.
Yes. That changes how I would approach the half-cycle analysis.

If the duration of each cycle/half-cycle is itself varying, then using fixed time
windows or assuming a stable period could obscure the very effect we’re trying to

measure. More importantly, the irregular timing may itself be part of the dynamical
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behavior rather than merely numerical noise.

I think there are three separate quantities we should distinguish:

1. Event timing

o t,: successive comparable events, such as positive current maxima,

negative current maxima, or zero crossings of a specified current.
o Half-cycle duration:

Atn — thrl —tn

2. State at the event
o For example:
I3, = I3(ty), I = Is(tn), M, = Vion(tn)
o These don’t require us to assume that t,,; — t, is constant.
3. Change from one event to the next

o For example:

_— ]Lfn 1
Gﬂ/f,n - M,
or, where sign changes are expected,
_ m’fn + 1|
G|M/m | M|

o Likewise for current amplitude.

That gives us a useful advantage: we can let the circuit define its own clock.

I would actually make the irregular timing an observable

Rather than treating it as an obstacle, I’d initially record:

{tn, Atn, I3 0, Is 0, Viron n}

for perhaps 50-500 successive half-cycles.
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Then we can ask whether the quantities are related:

VMmonn+1 vs. Vmonng

IS,n+1 VS. IS,n

and, importantly,

At, vs. VayoNn,Isn, Isn

If the half-cycle duration changes systematically as the amplitude grows, that would
be significant. It could mean that the state of the system is changing the effective

timing of the oscillator, rather than merely increasing its amplitude.

And this fits your earlier observation about the MON node particularly well. [f MON
is part of the state that determines when the GDT switches topology, then the

sequence isn’t simply
I oscillation — oscillation — oscillation

but something more like

state, — switch transition — new state, 1

where both the amplitude and the elapsed time can change from one transition to

the next.

One thing | would not do

I wouldn’t calculate derivatives such as

dl
dt

and compare them at arbitrary fixed timestamps if the timing is wandering. That
introduces a second problem: we’re potentially comparing different portions of the

waveform.
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Instead, for the first pass, I’d favor event-to-event measurements. The actual

extrema or zero crossings become our reference points.

Then, if we discover that the event timing is highly irregular, we can go one step

further and look at the system as a discrete dynamical map:

Xn+1 = F(xn)

where

I3,n
X, = Iy

Vaonn

We don’t need to know the exact function F beforechand. The simulation can tell us

whether the next state is predictable from the preceding state.

That may actually be more revealing than trying to resolve increasingly minute

portions of individual cycles.

I THINK THIS IS A GOOD PLACE TO TERMINATE THIS POST AND
CONTINUE THIS DIALOGUE ONTO ANOTHER POST. HAPPY READING!
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