
Steinmetz approached transients using what we now call complex algebra and differential
equations. He realized that instead of just thinking about voltages and currents as simple sine
waves, you could represent them using complex numbers, which made the math much easier to
handle, especially when things were changing quickly.

For transient analysis, here’s the key idea: when something in a circuit suddenly changes, like
closing a switch or applying a surge of voltage, the circuit responds according to its inductance,
capacitance, and resistance. These elements cause the current and voltage to evolve over time —
they don’t just snap into their final values.

Steinmetz used the exponential function, often written as e-t/τ, to describe how the transient dies
out over time. That “τ” is the time constant — it tells you how fast the transient fades away.

For example, in an RL circuit — one with a resistor and an inductor — if you suddenly apply a
voltage, the current will start at zero and grow toward its steady value in a smooth curve. The
shape of that curve is described by the exponential function Steinmetz used.

By developing these mathematical tools, he allowed engineers to predict not just the final steady
state of a circuit, but also the whole path it takes to get there — which is crucial when designing
safe and reliable electrical systems.

Why did the industry move away from using transients? Mainly for practicality and safety.
Historically, engineers aimed for predictable, steady-state systems. Transients were treated as
problems — causing insulation breakdown, overheating, and noise — so engineers designed to
avoid them with better switching, filtering, and materials.

But today, with advanced materials and control systems, engineers are revisiting transient
operation in fast switching converters, pulsed power, quantum electronics, and more — because
transients let you move energy quickly and efficiently.
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Meyer’s VIC used sharp high-voltage pulses rather than continuous power to break water
molecules. The circuit aimed to operate deep in the transient regime — with water behaving like a
strange capacitor — exciting the system dynamically instead of reaching a steady state.

If designed right — matching pulse rate to the resonant frequency of the LC-water capacitor system
— energy builds in the transients. This is where “resonant water splitting” originates.

Steinmetz’s math helps model this. One would analyze the transient response, identify natural
resonances, and tune the pulsing circuit to stay in the transient sweet spot — maximizing voltage
build-up without stabilizing into a boring steady state.

Builders focus only on generating high voltage or fast-looking pulses on a scope.

They neglect modeling the system’s full transient dynamics — including how water’s

capacitance changes with voltage.

They miss the importance of pulse repetition rate matching system resonance.

They fail to track dielectric changes which shift the LC resonance as voltage rises.

They think in volts per pulse instead of energy per pulse — which matters for cumulative

energy build-up.

The key is: modeling the transient path, tracking how voltage and capacitance evolve, and
dynamically adapting pulse frequency and amplitude.

Water’s dielectric constant (~80 at low field) drops as voltage increases, due to dielectric
saturation. Molecules align with the field, reducing their ability to store more energy.

As the dielectric constant drops:

Capacitance decreases.
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Resonant frequency increases.

System needs dynamic pulse tracking to stay in sync.

Without this, voltage build-up will stall as the circuit falls out of resonance.

Modeling capacitance as a function of voltage (C(V)) allows one to predict how frequency shifts
over time and how to adapt the pulse generator accordingly:

Meyer suggested adaptive pulse trains — with pulse width and spacing modulated progressively —
exactly what is needed to track the dynamic resonance.

By modulating both:

Pulse timing (frequency sweep)

Pulse amplitude (voltage sweep)

— the system can stay locked onto the changing resonant frequency as the dielectric saturates and
capacitance shifts.

Meyer advanced beyond LM317 and counter-driven modulation by using a multi-tap coil, allowing
controlled amplitude steps synchronized with transient evolution.

Combining all this yields a full adaptive transient strategy:

Dynamic C(V)

Adaptive pulse frequency

Adaptive pulse amplitude

Dynamic C(V) Modeling

Dielectric_constant(E) = k_low / (1 + (E / E_sat) ^ n)
  

Incorporating Meyer’s Patent Insights

Amplitude Modulation via Multi-Tap Coil



This provides the optimal condition for building field energy across the water capacitor to assist
molecular dissociation, as Meyer intended.

Modern builders can implement this far more precisely using DSPs or microcontrollers, greatly
improving on the old mechanical sequencing approaches.
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