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VIC Introduction
What is a VIC Circuit?

The Voltage Intensifier Circuit (VIC) is a resonant circuit topology designed to develop high voltages
across a water fuel cell (WFC) while drawing relatively low current from the source. Originally
conceived by Stanley Meyer, the VIC uses the principles of resonance and voltage magnification to
create conditions favorable for water dissociation.

The Basic Concept

At its core, the VIC is a series resonant circuit that uses inductors (chokes) and capacitors to
magnify voltage. Unlike conventional electrolysis that uses brute-force DC current, the VIC aims to:

Maximize voltage across the water fuel cell
Minimize current draw from the power source
Use resonance to achieve efficient energy transfer
Exploit the capacitive nature of the water cell

The VIC Block Diagram

T ] T 1 1 1 1
| Pulse |——| L1 |—| C1 |—>»| L2 |—| WFC |
|Generator | | | | | | | | |
1 | L |
A A A A A
| | | | |
Frequency Primary Tuning Secondary Water Fuel
Control Choke Capacitor Choke Cell
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(L1-C1 Tank) | (L2-WFC Tank)

Key Components



Pulse Generator — Provides driving signal at resonant
frequency

Primary Choke L1 Current limiting, energy storage,
voltage magnification

Tuning Capacitor Cl Sets primary resonant frequency with
L1
Secondary Choke L2 Further voltage magnification,

resonance with WFC

Water Fuel Cell WFC Capacitive load where water
dissociation occurs

Operating Principle

Step 1: Pulse Excitation

The pulse generator provides a square wave or pulsed DC signal at or near the resonant frequency
of the primary tank circuit (L1-C1).

Step 2: Primary Resonance

The L1-C1 combination resonates, building up voltage across C1 that can be many times the input
voltage (determined by Q factor).

Step 3: Energy Transfer

The amplified voltage drives current through L2, which further builds up energy and transfers it to
the WFC.

Step 4: Secondary Resonance

If L2 and WFC are tuned together, a second stage of voltage magnification occurs, creating very
high voltages across the water.

Step 5: Water Interaction

The high voltage across the WFC creates a strong electric field in the water, affecting the molecular
bonds of H20.

The "Matrix" Concept



The term "VIC Matrix" refers to the interconnected relationship between all circuit parameters.
Everything is connected:

e Changing L1 affects the primary resonant frequency

e The resonant frequency must match the pulse generator

e L2 and WFC capacitance determine secondary resonance

e All inductances and capacitances are linked through the desired frequency
e The Q factors determine voltage magnification at each stage

This is why the VIC Matrix Calculator exists—to help navigate these complex interdependencies.

Circuit Variations

Basic VIC (Two-Choke)

Uses separate L1 and L2 chokes with discrete C1 and WFC capacitance.

Transformer-Coupled VIC

L1 and L2 are wound on the same core, creating transformer action between primary and
secondary.

Bifilar VIC

Uses bifilar-wound chokes where two windings are wound together, creating inherent capacitance
and magnetic coupling.

Single-Choke VIC

Simplified version where one choke resonates directly with the WFC capacitance.

What Makes VIC Different from
Electrolysis?

Conventional Electrolysis VIC Approach

Power Type DC (constant current) Pulsed/AC (resonant)



Conventional Electrolysis VIC Approach

Voltage 1.5-3V (above decomposition) Hundreds to thousands of volts
Current High (amps) Low (milliamps)

Frequency 0 Hz (DC) kHz to MHz range

WFC View Resistive load Capacitive load

Energy Mechanism Electron transfer Electric field stress

Goals of VIC Design

Maximize Q factor: Higher Q = more voltage magnification
Achieve resonance: All components tuned to operating frequency
Match impedances: Efficient energy transfer between stages
Maintain stability: Prevent frequency drift and oscillation problems
Deliver energy to WFC: Create conditions for water molecule stress

s WwhN e

Key Insight: The VIC treats water not as a resistive medium to push current through, but as a
dielectric capacitor to be charged with high voltage. This fundamental difference drives all aspects
of VIC design and is why traditional electrolysis equations don't apply.

Next: Primary Side (L1-C1) Analysis -



Primary Side
Primary Side (L1-C1) Analysis

The primary side of the VIC consists of the first inductor (L1) and tuning capacitor (C1). This stage
receives the driving signal and provides the first stage of voltage magnification. Understanding its
behavior is crucial for successful VIC design.

Primary Tank Circuit

L1 and C1 form a series resonant tank circuit. At the resonant frequency, this circuit:

e Has minimum impedance (ideally just the DC resistance)
e Draws maximum current from the source
e Develops magnified voltage across L1 and C1

R1 (DCR of L1)

Pulse I I ]
Generator | |
o L1 } : To L2
| | |
[ | L
——
|
—L— GND
Vin——» [ L1+Rl1 ] —» [ Cl1 ] —>» V out

At resonance: V. C1 = Q x V_in

Resonant Frequency Calculation

Primary Resonant Frequency:
f? =1/ (2??(L1 x Cl))

Rearranging to Find Components:
L1 = 1/ (4?22f?2C1)



ClL =1/ (472f72L1)

Example Calculations

10 kHz 1 mH 253 nF
10 kHz 10 mH 25.3 nF
25 kHz 1 mH 40.5 nF
50 kHz 500 uH 20.3 nF

Q Factor of Primary Side

The Q factor determines voltage magnification:

Q Factor:
Qc=(2?2 xf?2 xL1l) / RL=X,/ RL

Voltage Magnification:
Voo = Qic X Vin

Example:

e fo=10 kHz, L1 = 10 mH, R1 =10 Q

e X ; =2mx 10,000 x 0.01 = 628 Q

e Q=628/10=1062.8

e With 12V input: V., = 62.8 X 12 = 754V

Characteristic Impedance

The characteristic impedance of the primary tank affects matching:

Z? = ?2(L1 / Cl)



Relationship to Q:

Q=2?/ Rl

Higher Zo (more L, less C) means higher Q for same resistance.

Design Trade-offs

Design Choice Advantages Disadvantages

High L1, Low C1 Higher Zo, potentially higher Q More wire, higher DCR, harder to
wind
Low L1, High C1 Less wire, lower DCR, easier Lower Zo, may need larger capacitor

construction

High frequency Smaller components, lower SRF Skin effect losses, harder switching
concern
Low frequency Lower losses, easier switching Larger components, SRF may be
issue

Current and Power Considerations

At resonance, the circuit draws maximum current:

Resonant Current:

les = Vi | RL

res

Power from Source;

=V, ,2 [ RL=1,,2 xRl

P.

n

Reactive Power (circulating):

F)reactive = VC1 x Ires = Qx F)in

Note: The reactive power circulates between L1 and C1 but is not consumed.

Bandwidth and Tuning Sensitivity

The 3dB bandwidth of the primary tank:



BW= f? / Q¢

Example:

fo =10 kHz, Q = 50 - BW = 200 Hz

The driving frequency must be within =100 Hz of fo for good response.

Practical Implication:

High-Q circuits are sensitive to component tolerances and temperature drift. You may need PLL
(Phase-Locked Loop) control to maintain resonance.

Component Selection Guidelines

L1 (Primary Choke)

Inductance: 100 uH to 100 mH typical

DCR: As low as practical (determines Q)

SRF: Should be well above operating frequency (10X minimum)
Core: Ferrite, iron powder, or air-core depending on frequency
Wire: Copper preferred; resistance wire reduces Q

C1 (Tuning Capacitor)

e Value: Selected to resonate with L1 at desired frequency

e Voltage rating: Must exceed Q x Vi

e Type: Film (polypropylene, polyester) or ceramic

e ESR: Low ESR for minimal losses

o Temperature stability: NPO/COG ceramic or film preferred

Practical Assembly Tips

Measure L1 accurately: Use an LCR meter at multiple frequencies
Start with calculated C1: Then fine-tune for best response

Use variable capacitor or parallel caps: For easy tuning

Check for SRF: Ensure L1's SRF is well above fo

Monitor temperature: Component values drift with heat

e whH

VIC Matrix Calculator: The calculator determines optimal L1 and C1 values based on your target
frequency and available components. It also shows the expected Q factor and voltage
magnification.



Next: Secondary Side (L2-WFC) Analysis -



Secondary Side

Secondary Side (L2-WFC)
Analysis

The secondary side of the VIC consists of the second inductor (L2) and the water fuel cell (WFC)
acting as a capacitor. This stage receives the amplified signal from the primary and delivers the
final voltage to the water. Proper design of this stage is critical for efficient energy transfer to the
WEFC.

Secondary Tank Circuit

L2 and the WFC capacitance form the secondary resonant tank:

From R2 (DCR of L2)
Primary , ' |
o——— I T O
(V_C1) | L2 | | (+)
| | —=
' ' | | WFC
| | (C wfc)
—
|
o ‘ o

(-)
VCl—> [L2+R2]—> [ WC ] —> V_WFC

At secondary resonance: V WFC = Q L2 x V C1 = Q L2 x Q L1C x V_in

The WFC as a Capacitor

The water fuel cell presents a complex impedance, but at VIC frequencies, it behaves
predominantly as a capacitor:

WFC Capacitance Components:



e Geometric capacitance: Cgeo = sosrA/d
« EDL capacitance: C_, (in series, at each electrode)
o Effective capacitance: Cufc = f(Cgeo, Cegrr frequency)

At typical VIC frequencies (1-50 kHz), Coufe is dominated by Cgeo.

Secondary Resonant Frequency

Secondary Resonance:
f?secondary =1/ (2?2?2(L2 x C\Nfc))

For Maximum Voltage Transfer:

Ideally, fo

=fo_ .
secondary primary

This means: L1 x C1 =12 x C
wfc

Q Factor of Secondary Side

The secondary Q factor determines the second stage of voltage magnification:

Secondary Q Factor:
Q, = (22 x f?2 x L2) | (R2 + Ry,)

Where wac is the effective resistance of the WFC (solution resistance + losses).

Total Voltage Magnification:

Vvee = Qe X Q2 X Vig

Example:



o QLlC = 30, QI_2 = 20, Vin =12V
° VWFC =30 X 20 x 12 = 7,200V theoretical

Cascaded Resonance Effects

When both stages resonate at the same frequency, the effects multiply:

Configuration Total Magnification “

Only primary resonance QL1C L2-WFC not tuned

Only secondary resonance QI_2 L1-C1 not tuned

Dual resonance QLlC X Q5 Maximum magnification
Harmonic secondary Variable Secondary at 2fo, 3fo, etc.

Impedance Matching Considerations

For efficient energy transfer between primary and secondary:

Characteristic Impedance Match:

z = ?2(L1/C1)

? .
‘primry
Z?secondary = ?( LZ/QMC)

Matching these impedances can improve energy transfer, though it's not always achievable or
necessary.

Effect of WFC Properties on Secondary

Higher wac Lower fo, lower Zo Increase L2 or reduce C1

Higher Rt Lower QI_2 Use purer water or optimize gap



WFC Parameter Effect on Secondary Design Response

Larger electrode area Higher Cote Requires larger L2

Narrower gap Higher wac, lower wac Trade-off between C and R

Bifilar Choke Considerations

When L2 is bifilar wound (or when L1 and L2 are wound together as a bifilar pair):

e Inherent capacitance: The bifilar winding has capacitance between turns
e Magnetic coupling: Energy transfers inductively between windings

e Lower SRF: The inter-winding capacitance lowers self-resonant frequency
e Complex tuning: The system becomes a coupled resonator

Calculating L2 for Given WFC

Given: Target frequency and WFC capacitance
L2 = 1/ (4?22f?22Cy,)

Example:

o fo =10 kHz
o wac = 5 nF (typical small WFC)
e 2 =1/(4m* x 1042 x 5%x107°) = 50.7 mH

Sanity check: This is a reasonable inductance, achievable with ~500-1000 turns on a ferrite core.

Power Delivery to WFC

The actual power delivered to the WFC depends on its resistive component:

Power in WFC Resistance;



owc

= |2ch x wac

Where:

lwie = Vwee I Zwte ? Ve X 7 % Gyre

This power heats the water and drives electrochemical reactions.

Voltage Distribution Across WFC

The high voltage across the WFC creates an electric field:

Electric Field in WFC:
E = Vygc / d

Where d is the electrode gap.

Example:

° VWFC = 1000V, d = 1mm

e E=1000V/0.00Ilm =1 MV/m = 10 kV/cm

This is a substantial electric field that can influence molecular behavior in water.

Design Guidelines for L2

1.

Uik W

Match resonant frequency: L2 should resonate with wac at the same frequency as L1-
C1

Minimize DCR: R2 directly reduces QL2 and thus voltage magnification

Consider coupling: If using transformer-coupled design, mutual inductance matters
Account for WFC changes: wac varies with temperature, voltage, and bubble formation
Leave tuning margin: Design L2 slightly higher, fine-tune with small series capacitor if
needed

Key Insight: The secondary side is where VIC theory meets reality. The WFC is not an ideal
capacitor—it has losses, frequency-dependent behavior, and changes during operation. Successful



VIC design must account for these real-world effects.

Next: Resonant Charging Principle -



Resonant Charging

Resonant Charging Principle

Resonant charging is a technique where energy is transferred to a capacitive load (the WFC) in a
controlled, oscillatory manner. Unlike direct DC charging, resonant charging can achieve higher
efficiency and allows voltage magnification beyond the source voltage.

Conventional vs. Resonant Charging

Final voltage =V ource Can exceed Veource (up to 2x for half-
wave)

Energy efficiency 50% max (half lost in R) Can approach 100% (minimal loss in
L)

Charging curve Exponential (slow) Sinusoidal (faster)

Peak current V/R at start V/Zo (controlled by L)

Basic Resonant Charging Circuit

Switch (S)
0/O T T
| |
V source | |
+ | — =
|| L | - C(wFQ)
s e
| |
| |

GND

When S closes:

1. Current builds in L (energy stored in magnetic field)
2. Current flows into C, charging it

3. Voltage on C rises



4. At peak voltage, current reverses (or S opens)

Half-Cycle Resonant Charging

In half-cycle mode, the switch opens when capacitor voltage reaches maximum:

Ideal Half-Cycle Charging (lossless):

VC, max 2 x Vsource

Charging Time:

teharge = 22(LO) = 2/22 = 1/(2f?)

This is exactly half the resonant period.

Why 2x Voltage?

Energy Conservation:

Initially: All energy in source (voltage VS)

Quarter cycle: Energy split between L (current max) and C (V = VS)

Half cycle: All energy in C, current = 0

For energy to be conserved: 1/2CVc2 = CxVS2 (accounting for work done by source)
This gives Vc = 2VS

o= BT ) =

Resonant Charging with Losses

Real circuits have losses that reduce the voltage gain:

With Resistance (damped case):

VC,max = Vsource * (1 + e- PR (27(L/Q))

x (1 + e ?(2Q)

VC, max Vsource

Approximation for high Q:

VC,max ? 2Vsource x (1 - ?/(4Q))



Voltage Gain vs. Q Factor

m vC.mastource

o (ideal) 2.00 100%
100 1.98 98.4%
50 1.97 96.9%
20 1.92 92.5%
10 1.85 85.5%
5 1.73 73%

Continuous Resonant Excitation

In the VIC, instead of single pulses, we drive the circuit continuously at the resonant frequency:

Steady-State Resonance:

Energy from the source compensates for losses each cycle, maintaining a steady oscillation
amplitude.

Voltage Magnification:
Ve = Q x V,

source

This is much greater than the 2x from single-pulse resonant charging when Q > 2.

Resonant Charging in VIC Context

The VIC uses resonant charging principles in several ways:

1. Primary tank: C1 is resonantly charged through L1
2. Secondary transfer: Energy transfers resonantly to WFC through L2
3. Cumulative effect: Multiple stages multiply the magnification

Timing and Switching

For optimal resonant charging:



Critical Timing Points:

e Turn-on: When capacitor voltage is minimum (or at desired starting point)

e Turn-off: When current through inductor reaches zero (zero-current
switching)

e Period: Should match or be a harmonic of the resonant frequency

Zero-Current Switching (ZCS):

Turning off when current is zero minimizes switching losses and eliminates inductive kick.

Energy Flow Analysis

Time -

ve: —A AN AN N—
/' N/ N/ \N/ \
/N VvV VN

L A VA N ANYA
/ N/ N/ NN
/N VO VN

Energy in C: High - Low - High - Low
Energy in L: Low - High - Low - High

Total energy (minus losses) remains constant in steady state.

Advantages of Resonant Charging for
WFC

High voltage: Achieves voltages beyond source capability
Low current draw: Source only provides loss compensation
Controlled energy delivery: Sinusoidal rather than impulsive
Efficient: Minimal resistive losses when Q is high
Self-limiting: Voltage limited by Q factor, not infinite



Key Principle: Resonant charging exploits the energy storage capability of inductors and
capacitors. By timing the energy injection to match the natural oscillation, we can build up
substantial energy in the circuit with modest input power—the same principle used in pushing a
swing at just the right moment.

Next: Step-Charging Ladder Effect —»



Step Charging
Step-Charging Ladder Effect

Step-charging, also known as the "staircase" or "ladder" effect, refers to the progressive buildup of
voltage across a capacitor through successive resonant pulses. This technique can achieve voltage
levels far beyond what single-pulse resonant charging provides.

The Concept

Instead of maintaining continuous oscillation, step-charging applies discrete pulses that each add a
quantum of energy to the capacitor. The voltage builds up incrementally:

Voltage
| —
| —
| —
| —
| —
| —
| —
| —
|
l - Time

1 1 1 1 1 1 1 1 1
Pulse Pulse Pulse ...
1 2 3

Each pulse adds approximately 2xV _source to capacitor voltage
(in ideal lossless case with unidirectional diode)

How Step-Charging Works

Step-by-Step Process:



Pulse 1: Capacitor charges from 0 to 2VS (resonant half-cycle)
Hold: Diode prevents discharge back through inductor

Pulse 2: Starting from 2V, capacitor charges to ~4V_

Hold: Energy stored, waiting for next pulse

Continue: Each pulse adds ~2VS (minus losses)

s BU S

Circult for Step-Charging

Switch

V. s —0/0 T T > T
| | D |
| — | —=
| | L | L+ —— C (WFC)
| — T |
| | |
| | |

D = Diode prevents reverse current
C charges in discrete steps

Voltage After N Pulses

Ideal Case (no losses):
Ve n = 2N %V

source

With Losses (exponential decay factor):
Ven = 2V x ?2(e?(2Q)k for k=0 to N-1

Converges to Maximum:
Ve max = 2Vs /(1 - e ?(2Q)

For high Q: V = (4Q/m) x V

C,max source

Maximum Voltage vs. Q Factor

m vmastourCe PUIseS to 90%



10 ~12.7 ~6

20 ~25.5 ~12
50 ~63.7 ~30
100 ~127 ~60

Comparison: Continuous vs. Step
Charging

Max voltage QxV, (AC peak) (4Q/m) x Vv, (DC)
Waveform Sinusoidal Staircase

Power delivery Constant Pulsed

Complexity Simpler Needs diode/timing

Step-Charging in VIC Systems

Meyer's designs allegedly used step-charging principles:

e Unidirectional charging: Diode prevents energy return to source

e Pulse timing: Gated pulses at resonant frequency

e Voltage accumulation: Progressive buildup across WFC

e Controlled discharge: Occasional reset or bleed-off of accumulated voltage

Pulse Train Design

Optimal Pulse Parameters:

¢ Pulse duration: nv(LC) = half resonant period



« Pulse frequency: f <f /2

e Duty cycle: Typically 10-50%
e Gap between pulses: Allow ring-down and settling

Energy Considerations

Energy Stored After N Pulses:

Ecn = YO(Vo 02 = YO(2NVg)2 = 20N V2

Energy Delivered per Pulse:
?E = Ec - Ecng = 20Vg2(2N-1)

Each successive pulse adds more energy because it's working against a higher voltage!

Practical Implementation

Driver Circuit Requirements:

High-speed switching: MOSFET or IGBT driver

Precise timing: Microcontroller or pulse generator
High-voltage diode: Fast recovery, rated for expected voltages
Voltage monitoring: Feedback to prevent over-voltage

W

Safety Considerations:

e Voltages can reach dangerous levels quickly
e Energy stored in capacitor can be lethal
e Include bleed resistor for safe discharge
e Implement hardware over-voltage protection

VIC Matrix Simulation

The VIC Matrix Calculator can simulate step-charging behavior:

e Step-charge simulation: Predicts voltage after N pulses
e Loss modeling: Accounts for resistance and dielectric losses
e Time to saturation: How many pulses to reach maximum voltage



e Energy efficiency: Tracks energy delivered vs. stored

Key Insight: Step-charging combines the voltage doubling of resonant charging with the
cumulative effect of multiple pulses. With sufficient Q factor, extremely high voltages can be
developed across the WFC—voltages that would be impossible to achieve directly from the source.

Chapter 4 Complete. Next: Choke Design & Construction —



