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Abstract 

 
The purpose of this project is to perform an engineering design and systems analysis of a 

proposed alternative energy generation system. Furthermore, to determine if it is capable of 

producing electromagnetic waves and if those waves can be harnessed. 

Low voltage DC is pulsed (with frequency control) to a transformer utilizing a Schmidt 

Trigger, Miller Integrator, and a comparator.  This drives a spark gap wired in parallel with 

the primary winding of an air-core coil pair. Capacitance is added to the coils to alter their 

resonate frequency which is then matched by altering the resistance (and therefore the time 

constant) of the integrator.  

The question is; will the fluctuating high voltage on the primary cause ions to form creating 

a Townsend region between the coils. If so, will successful production of enough ions result 

in collisions which will produce the propagating waves? If so, can those waves be received 

by the secondary coil and transferred as useful energy.   
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 CHAPTER 1: INTRODUCTION 

1.1. Global Energy Outlook 

In 2010 extensive research was conducted on the available supply and consumer demand of fossil 

fuels (coal, oil, and natural gas) worldwide (Moher 2010). The results anticipate fossil fuel 

production to peak during the next 16 years. This projection is in line with the vast majority of 

other predictions on the subject and displayed in figure 1. 

 

 

Figure 1: Global Fossil Fuel Production Forecast (Moher 2010) 

 

Although production is expected to decline, consumption is expected to continue to rise. This 

poses a significant problem. How will the shortfall between consumption and production of 

available recourses be met, not only in the near term, but as the gap grows exponentially?  

 

1.2. Power Generation Historical Overview 

 

In September 1882 Thomas Edison established the first electric generation station at Pearl Street 

in lower Manhattan, NY (Monaco 2011). The motive force for those generators was steam. Now, 

130 years after the first generation station was established, 80 percent of the world’s electricity is 

still generated by steam. Of the remainder, approximately 16.5% is generated from hydroelectric 

dams and ~3.5% from renewables such as wind and solar (Factbook 2012). Whether geothermal, 

nuclear, coal, or gas, the goal has been to produce heat for vaporizing water from liquid to steam 

and then using the steam pressure to turn generators. 
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1.3. Other Environmental Energy 

In contrast to generating steam from conventional methods (coal, gas, etc.) to turn electrical 

generators, there have been claims of inventions harvesting “ambient” energy for more than a 

century. Such claims have included low energy nuclear reactions (Pons and Fleischmann, 1989), 

zero point energy systems (Mead, 1996 – Pinto, 2003) and even Sonoluminescence (Eberlein 

1996). To date, none of these alternative direct or indirect (e.g. heat for steam generation) methods 

have been commercialized.  Further, it is questionable if any of the proposed alternative energy 

production methods are sufficiently well documented to be built in an average laboratory or even 

hold up under engineering scrutiny. 

 

1.4. Brief Project Statement 

The purpose of this project is two-fold.  First, to perform an engineering design and systems 

analysis of a couple of well-known alternative energy generation systems to determine if they are 

in compliance with the known engineering and scientific laws and, second, to attempt to build and 

test at least one, and perhaps additional systems so that laboratory measurements can be performed 

on the system(s). 

The scope of this project needs to be limited in order for the work to be achieved in a timely 

manner. Ideally the scope of the project would cover every method of harnessing alternative 

energy. However, such an undertaking would require much more time than is appropriate for an 

undergraduate capstone project. 

Therefore, this paper will focus primarily on four particular inventions. Chronologically they 

include:  

 Nikola Tesla’s  Radiant Energy patent no. 787,412 – April 18, 1905  

 T. Henry Moray’s Radiant Energy device from the 1930’s  

 Edwin V. Gray’s patent no. 4,595,975 - June 17, 1986, and  

 Donald L. Smith’s patent pending 08/100,074 – September 23, 2002.  

These items have been singled out as a result of their patentability and/or number of witnessed 

demonstrations, as well as operational commonalities. 

 

1.5. Overview 

 In Chapter 2, selected literature concerning environmental energy will be reviewed and the four 

systems noted above will be presented and discussed. Chapter 3 presents design modifications to 

be used in conjunction with the replication of the most recent device under study. This is 

followed by a discussion of the results obtained through testing and conclusions formed. 
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CHAPTER 2: LITERATURE REVIEW 

2.1. Introduction 

Ambient energy harvesting inventions have been referred to as “free energy” devices which have 

the ability to produce “over-unity”. While these phrases may carry a connotation of “creating” 

energy, this is not necessarily the case. Photovoltaics and windmills are examples of “free energy”. 

They generate power with no man-made input but they aren’t consider to be over-unity devices 

because we understand how they transform environmental energy. The devices under study may 

also transform environmental energy and, as such, would not produce “over-unity". Physicists 

have determined that there is another form of environmental energy that is a candidate for 

manipulation. Where it was once believed that the vacuum was void, scientist now believe that it 

is not. When all matter, light, and heat are removed all that remains is electromagnetic vibrations, 

or vacuum fluctuations: described by NASA (Zona 2008), Dr. T. Valone (Valone 2009), and M. 

B. King (King 2005) as zero point energy (ZPE).  

ZPE may be an unfamiliar term, and as such, some of the work in this field is included below as 

this energy may play an important role in the workings of the inventions under study. 

On December 31, 1996, Dr. Frank Mead, Director of the Air Force Research Laboratory, received 

the first United States ZPE Patent (no. 5,590,031) for a Zero Point Radiation Receiver. In 2003 

Dr. Fabrizio Pinto also received a patent (no. 6,665,167) for another method of extracting ZPE 

using the Casmir effect.  

Dr. Claudia Eberlein (Eberlein 1996) concluded that ZPE is responsible for the phenomenon of 

Sonoluminescence, whereby various fluids emit light and extreme heat from bubbles that form 

when exposed to ultrasound cavitation.  

In a paper published in Physical Review (Gorss 2006, Lahey 2006) in collaboration with 

researchers from Purdue University, and the Russian Academy of Sciences, it is claimed that they 

have achieved fusion utilizing Sonoluminescence techniques. 

Additionally, NASA (Zona 2008) supports a web page concerning ZPE. An excerpt reads: 

First predicted in 1948, the vacuum energy has been linked to a number of experimental 

observations. Examples include the Casimir effect, Van der Waal forces, the Lamb-

Retherford Shift, explanations of the Planck blackbody radiation spectrum, the stability of 

the ground state of the hydrogen atom from radiative collapse, and the effect of cavities to 

inhibit or enhance the spontaneous emission from excited atoms. 

The web page then lists some major work in the field as: 

 2001 BPP-Sponsored Papers presented at the BPP Sessions of the July 2001 Joint Propulsion 

Conference in Salt Lake City, Utah. (intended for technical audiences)  

 1996 Eberlein: Theory suggesting that the laboratory observed effect of sonoluminescence is 

extraction of virtual photons from the electromagnetic zero point fluctuations. 
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 1994 Alcubierre: Theory for a faster-than-light "warp drive" consistent with general relativity. 

 1994 Haisch, Rueda, and Puthoff: Theory suggesting that inertia is a   consequential effect of the 

vacuum electromagnetic zero point fluctuations. 

 1992 Podkletnov and Nieminen: Report of superconductor experiments with anomalous results -- 

evidence of a possible gravity shielding effect. 

 1989 Puthoff: Theory extending Sakharov’s 1968 work to suggest that gravity is a consequential 

effect of the vacuum electromagnetic zero point fluctuations. 

 

2.2. Nikola Tesla 

"People who say it cannot be done  

should not interrupt those who are doing it." 

George Bernard Shaw 

 

In February and March of 1893, respectively, Nikola Tesla delivered a lecture to the Franklin 

Institute (Philadelphia) and the National Electric Light Association (St. Louis) entitled “On Light 

and Other High Frequency Phenomena”. In this oration he stated: 

A point of great importance would first be to know what is the capacity of the earth, and what charge 

does it contain if electrified? Though we have no positive evidence of a charged body existing in 

space without other oppositely electrified bodies being near, there is a fair probability that the earth 

is such a body, for by whatever process it was separated from other bodies – and this is the accepted 

view of its origin – it must have retained a charge, as occurs in all processes of mechanical 

separation. If it be a charged body insulated in space its capacity should be extremely small, less 

than one-thousandth of a farad. But the upper strata of the air is conducting, and so, perhaps, is the 

medium in free space beyond the atmosphere, and these may contain an opposite charge. Then the 

capacity might be incomparably greater. In any case it is of the greatest importance to get an idea of 

what quantity of electricity the earth contains. It is difficult to say if we shall ever acquire this 

necessary knowledge… (Popovid 1956) 

 

We can now, in fact and with a good deal of accuracy, calculate electrical properties of the earth. 

To begin let us consider the calculations of magnetic induction in terms of the dipole moment. 

Table 1 provides information concerning the units and dimensions used in such calculations 

(Reeve 2010). 
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Table 1: Magnetic Quantities and Units 

 

 

 

The standard formula for magnetic induction along the dipole’s perpendicular bisector is: 
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Where B   magnetic induction (T), 
0   magnetic constant (H/m), M   magnetic moment (A-

m2), r   distance from dipole center (m). Rearranging this equation and substituting known values 

we can calculate the dipole moment of the earth’s field along the equator. Given that the average 

magnetic induction (B) at the equator is approximately 30,000nT  and the Earth’s radius is 

approximately 6,378 km, we see that dipole moment of the earth is approximately:  
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Assuming the outer core of the earth is a single conductive loop we can calculate the current in 

that loop (Reeve 2010). We now have 22 28 10 ,M A m    and the outer core radius is near 3,000 

km. The current is then found as: 
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9

22

8 10
2.8 10

3,000,000oc

M
I A

r 


     

While these calculations have used simplified assumptions, 2.8 billion Amperes is a significant 

amount of current.  

Magnetic fields and electric current are like two sides of the same coin. Given that the Earth has a 

capacity of approximately 2.8 billion Amperes, combined with the size and strength of the 

magnetosphere, as shown in figure 1, some would conclude that the Earth itself is a vast reservoir 

of energy and it may be possible to construct a system that will allow us to extract energy from 

Quantity Common Unit Alternate Unit Dimensions

 gamma (=1 nT)

B  tesla (T)  weber/m2 (=1 T)

 gauss (=100,000 nT)

H  ampere-turn/meter (A/m)  oersted (=103/4π A/m)

Г m  henry/meter (H/m)  In air or vacuum, Г m = μ 0 = 4 π 10-7 H/m

2 1M T I  

1I L

2 2L M T I   
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either, or both, the Earth and the environment as Tesla envisioned. This represents yet another 

possible form of ambient energy that may play a role in the devices under study. 

 

Earth is the small globe near the center. The Sun 

is approximately 150 million kilometers away, 

to the upper right. The magnetosphere is 

compressed by the solar wind shock wave on the 

sun-lit side. The magnetosphere on the dark side 

is pushed out nearly 100 Earth radii. The Van 

Allen belt is shown as the white torus around 

Earth. 

(Image source: NASA)  

 

 

 

 

 

 

Teslian Impulse Technology, which was the basis for a large portion of Tesla’s research 

(Vassilatos 2000) remains largely absent from the electrical engineering curriculum in today’s 

academics. Vassilatos discovered the magnitude of Tesla’s interest in this work after performing 

extensive research of Tesla’s notes in archives of the New York Central Library, while biographer 

Marc Seiffer researched at both the National Archives in Washington, DC, and in the Tesla 

Museum in Belgrade (Trinkaus 2008). This sheds new light on Tesla’s work with high-frequency 

and high voltage. Tesla believed that these types of devices, combined with plasma discharges, 

allowed a means to interact with, and harvest, ‘ambient energy’. Tesla described this energy as 

Ether and referred to it as if it were the essence of the space-time continuum itself (Vassilatos 

2000). This is very similar to the modern definition in Quantum Electro-Dynamics for ZPE, or the 

Zero Point Field (ZPF). 

One such device of interest here is the Magnifying Transmitter apparatus (Patent no. 787412) 

illustrated in figure 3.  

 

 

Figure 2: Earth's Magnetosphere 
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Figure 3:  Drawing for Patent no. 787,412 

 

 

This design came out of the discovery Tesla made while performing experiments to verify Hertz’ 

electro-magnetic waves. While working with high-frequencies and spark-gaps Tesla claimed to 

have discovered that electricity can be reduced to at least two components that can be separated. 

He claimed that he had isolated one such component that did not include electron flow. This 

component was gaseous, etheric energy. It was a light-like ray of voltage that would charge objects 

in its field (Vassilatos 2000) (Lindemann 2000). This phenomenon has been referred to as an 

Electro-Radiant Event. As fascinating as this may be, for our purposes, the importance lies in the 
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claim that such a device could have an output greater than the input. Tesla believed there was 

additional input from the ether waves of the environment. The methods used here will be examined 

further in Section 2.6. 

 

2.3. Dr. Thomas Henry Moray 

“…we shall see that it was most essential that Newton's method should be extended to every 

branch of science to which it was applicable — that we should investigate the forces with which 

bodies act on each other in the first place, before attempting to explain how that force is 

transmitted.” 

(Maxwell 1876) 

 

In the 18th century Newton was met with “strong opposition to his theory of gravity expressed by 

such leading figures as Christiaan Huygens and Leibniz…” (G. Smith Fall Edition 2008). In the 

20th century Henry Moray’s Radiant Energy machine was also met with resistance by the scientific 

community. His, and other similar devices have often been dismissed as not possible. In Moray’s 

case, there is a long and impressive list of testimonies and affidavits from prominent physicists, 

engineers, and scholars. One such affidavit (figure 4), which described the device and its output, 

is from Dr. Harvey Fletcher (J. Moray 2006). The list of Fletcher’s accomplishments would 

include, prominent physicist, University Professor, researcher, inventor (hearing aid, stereo 

recording, oil-drop test, etc.), author, Founding Dean of the College of Engineering at Brigham 

Young University, fellow of the American Physical Society, fellow of the American Association 

for the Advancement of Science, member of the American Institute of Electrical Engineers, and 

Director of Research at Bell Laboratories where he supervised the work of the Nobel Prize awarded 

team of Shockley ( BJT and diode equation), Brattain, and Bardeen (point contact transistor) 

(Fletcher 1992).  
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Figure 4:  Dr. Harvey Fletcher Affidavit 
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Little is known about the technical workings of the Radiant Energy device. Moray never allowed 

the main component, a plasma tube which fit in his hand, to be evaluated. The application for a 

patent for this device has repeatedly been denied. “Altogether, seven applications that directly 

involved the Radiant Energy Device were filed, all of which were rejected by the patent office on 

the claims that either no energy was available and that the applicant would have to prove a source 

of energy, or that Henry Moray did not provide means to heat his cold cathode devices” (T. H. 

Moray 1978).  

It is described as a plasma tube and it is believed to be very similar to the tube used in another 

device that he successfully patented at a later date. 

 

 

Figure 5: Moray's "Valve Tube" 

 

Dr. Moray only reveals that both high-frequency and plasma ionization are utilized in the tube 

which is used in conjunction with capacitive circuitry. 

 

2.4. Edwin Gray Sr. 

Two of the patents granted to Edwin Gray are: Efficient Power Supply Suitable for Inductive 

Loads. Patent no. 4,595,975 June 17, 1986. Efficient Electrical Conversion Switching Tube 

Suitable for Inductive Loads. Patent no. 4,661,747 April 28, 1987.  
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     Figure 6:  Edwin Gray Patents 

           

One of the main components of the circuit is the conversion tube. This tube contains a thin anode 

in the center which also contains a spark gap. The anode is surrounded by a double grid cathode 

which is shorted together. As the gap in the anode is ionized to allow arcing, the arc also partially 

ionizes the gas in the gap between the anode and cathode forming a “Townsend region” (King, 

Lagarkov, 1994). This is a region supporting a polarization wave with minimal electron conduction 

and no arcing. This appears similar to Moray’s tube. This device was demonstrated to produce 

kilowatts of output power from a 12 V battery. Two batteries were used in the device. A small 

portion of energy would be taken from the output to charge the non-driving battery, then the 

batteries would switch roles. The device could essentially run indefinitely in this fashion. 

 

2.5. Donald L. Smith 

Donald Smith invented the “Electrical Energy Generating System”, Patent pending 08/100,074. In 

this device the basic sections are: a driver section consisting of 12 volts DC inverted to 110RMS  

volts AC. This is then run through a variac before powering a neon lamp driver which can deliver 

up to 9000 volts AC at 35.1 kHz. This powers section 2 which consists of a small, encapsulated, 

spark gap, capacitor, and primary coil (L1), all connected in parallel and grounded. Section 3 begins 

with a secondary coil (L2) which is center-tapped and rectified to charge a capacitor bank. This is 

displayed in figure 8. Interestingly, the actual configuration has L2 surrounding L1. This is quite 

unusual when considering that the magnetic flux density will be much larger inside L1 as shown 

in figure 9.  
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Figure 7:  Don Smith's "Electrical Energy Generating System". 

 

 

Figure 8:  Magnetic Flux Characteristics of a Coil 

 

The wire used in L1 is twice the diameter and one quarter the length of each of the two portions of 

L2 so that the coils will resonate.  Resonance in a coil is perhaps the most important component 

for achieving maximum power. This is due to the reflected waves (harmonics). At resonance these 

harmonics are in perfect synchronization. Because they are additive, it is at resonance that the 

waves reach their maximum intensity, creating a “standing wave” at twice the frequency of the 

source.   

Mr. Smith theorized that one of the main differences found with Resonant Induction Energy 

Transfer is that, at high-frequency-resonance, impedance nears zero and enables superconducting 

at room temperature. This allows the electrons to affect one another around the conductor (and 

very near the surface – beyond the skin affect) thereby moving freely, unopposed by the 

conductor’s internal resistance (D. L. Smith 2002). This is very much like what Tesla described as 

well (Vassilatos 2000).   

 

2.6. Devise Commonalities 

It is the ions, 

Not the electrons. 

     (Thomas Henry Moray) 
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In spark systems secondary voltage rises as high as it needs to (within limits of the design) in order 

to ionize the gases in a gap that will serve as the conductor for current flow. Ionized gas is called 

plasma. Each of these systems exploit this fact. 

               

 

 

 

Additionally, the operating principals that are common in these devices are: Abrupt, synchronous, 

ion surges in plasma at high frequency stimulating Electro-Radiant transmissions which are 

received and utilized. Each of these devices follow these steps (as displayed in figure 9) in their 

individual, unique manner. 

 

Figure 9:  Device Flow Chart 

 

A tube-type Electro-Radiant Event description: Given a central rod surrounded by a cylindrical 

plate (having a sufficient gap between the two conductors), when a voltage is applied a surge of 

ions flows through the device which are added to the negative ions that sit on the cathode. They 

are now attracted to the positive anode. A few milliseconds later the positive ions on the surface 

of the anode are attracted to the negatively charged onrushing ions. When these negative and 

positive charges collide they neutralize each other generating electromagnetic oscillation. This 

High 
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Control
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Output
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characteristic has the effect of suppressing any inductive kickback seen from the loads that would 

normally flow back towards the power supply (Pearrault 2001).  Incorporating a spark gap will 

result in a much sharper rush of ions. A similar exchange takes place between two coils. 

The Electro-Radiant transmitters and receivers utilized by the devices under study are defined by 

the following: In Tesla’s design, the two coils do not represent a magnetically inductive 

transformer. Tesla refers to the coupling as “electrostatic induction” (Vassilatos 2000). His 

primary coil is the radiation element and the secondary coil is the receiver. In Gray’s device the 

main switching tube is designed so that the central anode will cause an electrostatic event to radiate 

through the Townsend region to the cathode grids. Moray’s Valve tube, to the best of our 

knowledge, works on the same basic principal. Smith’s device resembles Tesla’s and this would 

explain why L1 is inside L2. Using the device in this manner would nullify any concern with the 

magnetic flux produced by the primary. If this is the case, Smith is using L2 as the receiver for the 

electrostatic radiation. Hence, the term “Radiant Energy”. Therefore, the arrangement and 

operation defines this coil pair as a transceiver. 

The question then arises as to how an Electro-Radiant Event could increase the power output of a 

circuit. There are at least two possible answers to this phenomenon: 

1) The ion collisions generate electromagnetic waves whose wavelength is well into the 

gamma range and the interception of these waves produce all the energy. 

2) The generated waveform, or an nth-harmonic component of same, resonates with the high 

frequencies of the ZPE field and the additive effects are responsible for the increased output. 

In either case, given that the level of energy is inversely proportional to the wavelength, this could 

result in a substantial gain on the receiver.  
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CHAPTER 3: SPECIFIC PROPOSAL AND METHODS 

3.1. Introduction 

This Chapter will discuss the specific work proposed including initial design concept, the 

methods to be utilized, and possible flaw considerations. 

3.2. Design and Methods 

Of the four devices under study, the Smith design appears to be the simplest to attempt to modify 

and replicate. Moray and Gray used specially designed tubes and Tesla used incredibly high 

voltages. Though the Smith design has many inherent subtleties, it seems the best candidate. 

I propose to build an adaptation of the Donald Smith “Electrical Energy Generating System” 

device with a new front end. This would include replacing the variac with a potentiometer and 

the DC inverter and neon lamp driver with electronic pulsing circuitry (using a 555 timer) to 

drive an ignition coil. This would allow an adjustable input up to 14 volts which is consistent 

with the 555 timer specifications of 3-15 V. In turn, and perhaps more importantly, this enables 

control of the output from the ignition coil from 0 V to approximately 14 kV. Another benefit of 

this change is that it also allows control of the frequency. Another addition to the Smith device 

would be to place a diode between the positive terminals from L1 to L2 on the ignition coil. This 

has been found to increase the energy release of the spark by orders of magnitude (Dembrovskis, 

A. 2011) which should have a dramatic impact on the subsequent coils and their performance in 

the circuit. Theoretically, this should produce a much greater rush of ions, which in turn should 

produce an increased level of electromagnetic waves as they neutralize through collision, with 

an end result of yet further improving the output power. 

At this point the final output method has not been decided. The high frequency AC could be 

rectified to DC and ultimately drive multiple inverters, or the frequency could be lowered to 60 

Hz and retain the AC. This decision can wait for now as the power output leading this stage must 

be determined before this needs to be decided. 

3.3. Test Circuit Design 

The initial work proposed would be based on the circuit diagrams shown in figures 10 and 11 

below. 
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Figure 10:  Test Circuit Schematic 1 

 

3.4. Possible Design Flaw 

One item to be aware of, and an issue to analyze, is the possibility that when driving the device 

with a pulse that has a very sharp rising edge, could the device see an effective frequency that 

would be different than the actual? As an example, the device is being driven by a 20 kHz pulse 

whose rising edge is equivalent to a 200 kHz pulse train. Will the device see a 20 kHz pulse with 

a Mark/Space ratio of 1, or will it see a 200 kHz pulse with a Mark/Space ratio of 20%? If the 

latter, how does this affect operation, and if such affects are negative, how might this be mitigated? 

3.5. Pulse Circuitry Design 

The initial driver circuit (figure 12) was simulated with MultiSim software and produced a clean 

square wave from 0 to 12 volts with the following characteristics: 
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Figure 11:  Pulse Driver Circuit 1 

 

Next, the circuit was assembled on a proto-board. The tested characteristics and wave-forms 

(figure 13) are shown below. 

 

26.63
0.545

48.847

1 1
20.472

48.847

26.63
1.2

22.217

D

f kHz
T s

Mark Space ratio



 

  

 

 

V1

12 V 

R1

9.15kΩ

R2

10kΩ

VCC
OUT

U1

555_TIMER_RATED

GND

DIS

RST

THR

CON

TRI

C1

0.01µF

C2

3nF

D1



18 | P a g e  

 

Figure 12:  Driver Test Circuit 1 Waveforms 

 

The duty cycle is slightly larger than anticipated and the frequency is reduced by 11.65%. 

However, the greater concern is the spiking voltage occurring at the rising and falling edges of the 

output signal (20 VP-P The input parameters for this IC is 0 to 15 volts) as well as the corresponding 

spikes of the input channel (shown in isolation in figure 14).  

 

 

Figure 13:  Driver Test Circuit 1 Input 

 

Examination of these results revealed that the metal rows of the proto-board were experiencing 

capacitive-coupling between each other and, additionally, capacitive-coupling was also occurring 

between the rows and the metal backing of the board. The spiking was nearly completely 

extinguished by connecting a wire path between the rows and the backing and adding a capacitive 

filter to the input. However, this increased the duty cycle (and hence, the Mark-Space Ratio) even 

more dramatically. This prompted another design strategy as shown in figure 15. 
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Figure 14:  Pulse Driver Circuit 1a 

 

This design utilizes two diodes to provide equal voltage drop and resistance for both the charge 

and discharge cycles.  Simulation results of this design are:  
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It was decided that during the testing of the finished device that it would be advantageous to 

examine the effects of changes in frequency and duty cycle. Unfortunately, the 555 timer circuit 

does not offer this flexibility. The frequency can be manipulated by changing the values of R1 and 

R2. However, this also alters the duty cycle. This could be mitigated to some degree by utilizing a 

trim capacitor but, to get the accuracy required, would be expensive and still lack the ability to 

adjust the frequency and duty cycle completely independent of one another.  

With the additional features in mind, a complete re-design was initiated. As shown below in figure 

16, the goal of frequency manipulation is accomplished utilizing a potentiometer between the 

Schmidt trigger and the integrator. This occurs because changing R6 changes the time constant 

and hence, the frequency (the time constant τ=RC). The duty cycle is altered using another 

potentiometer which sets up a voltage divider which controls the threshold voltage of a comparator.  
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Figure 15:  Pulse Driver Circuit 2 

The analysis of this circuit on a perf board revealed a ringing at the output of the comparator. Each 

rising and falling edge displayed three edges of equal magnitude at a frequency of approximately 

1 MHz. Further examination disclosed that this was due to the noisy characteristics from the 

reference voltage to the comparator. A small capacitor  0.001 F  across the variable resistor 

(R5) and a large capacitor  1800 F  across the supply mitigated this issue as shown in figure 16.  

 

 

Figure 16:  Pulse Driver Circuit 3 

Analysis continued by using the output to drive a p-channel MOSFET which switched the power 

to an ignition coil connected to a grounded spark plug. Unfortunately, there was no spark present. 

This was due to a rather embarrassing oversight. An ignition coil has a solid iron core. The 
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magnetic field cannot change at the rate that the driving circuitry was designed for  min. 25 .kHz

The time constant    and the frequency  f  of maximum current can be calculated as: 
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In order to continue testing with the components on hand a  1 F capacitor was added to C1 to 

increase the time constant of the integrator, thus decreasing the frequency. In the meantime a 

replacement transformer with a ferrite core was ordered. With the slower arrangement it was 

possible to analyze the basic performance of the driving circuit. It was observed that the MOSFET 

was running very warm and this was determined to be caused by a longer than desired transition 

time from the comparator. When the transition is too long, the current within the MOSFET has not 

completely diminished yet when the voltage begins to increase. The overlap results in real power 

 P IV  that is dissipated as heat. To decrease the transition time a push-pull pair can be inserted 

that will be driven by the comparator output.  

To verify the voltage of the transformer output a voltage divider is set up in parallel with the spark 

gap. 

 

Figure 17:  Voltage Divider 

3.5. Coil Design 

Measuring 100V  across the 511k  resistor of the voltage divider equates to 1,280V  across the 

spark gap. This will be the input to the next stage, an air-core coil pair.  
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      (Conversion to inches required)
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Primary coil:   

4.85 turns of 6 ga. solid copper 

Diam. = 5.255 cm 

0.875

2.393

L H

C pF




  

So the resonate frequency of the coil is 111.14MHz   

To force the resonate frequency to be 55kHz  we can increase the 

capacitance to 10 .F   

 

 

Secondary coil:  

14 turns of 12 ga solid copper wire 

Diam. = 7.43 cm 

7.933

3.433

L H

C pF




  

So the resonate frequency of the coil is 30.49MHz   

To force the resonate frequency to be 55kHz  we can increase the 

capacitance to 1 .F   

 

 

The output ends from the center tapped secondary winding will be rectified and sent to a 2 F

4kV capacitor. The rectifier was built using two rows in parallel, of four IN5408 (1kV, 3A) diodes 

in series.  
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CHAPTER 4: OUTCOMES 

4.1. Results 

 

Figure 18:  Completed Design 

 

With the main project built the initial testing could begin. Switching on the power from the battery 

engaged the drive circuit and powered the MOSFET. This, in turn, supplied a square wave to the 

transformer which then produced a sinusoidal output, initiating and maintaining an arc across the 

spark-gap (measured at 1,280 volts). The arc was present from 35 kHz to 56 kHz and with a duty 

cycle between approximately 50 – 75%. 

Connecting the primary coil in parallel with the spark-gap extinguished the spark across the full 

range of frequencies in which it was otherwise present. The primary coil was then disassembled 

and the distance between turns reduced to increase the inductance and lower the resonant 

frequency. The coil connection was attempted again with identical results. Testing the coil’s 

resonant frequency with a function generator and oscilloscope showed that the frequency was, in 

fact, 34.6 kHz. The discrepancy between the coil design and actual frequency is, undoubtedly, due 

to the additional wire lengths between the spark-gap and the capacitor and the coil. This wire will 

introduce a finite resistance and with the wires in such close proximity the capacitive coupling 

could be significant and will alter the overall coil dimensions. 

  



24 | P a g e  

4.2. Discussion 

Providing a clean signal to and from the MOSFET proved more challenging than expected. This 

was primarily due to the highly inductive properties of the transformer and it’s relatively high 

current draw being tied to the supply rails of the control circuitry. Filter capacitors in conjunction 

with a separation of current paths cleaned up the signals significantly.  

At the time of this writing the frequency matching between the transformer and primary coil has 

not yet been established. This is a prerequisite for further testing.  

 

4.3. Conclusion 

The preliminary results regarding the separation of the drive circuitry from the high current path is 

significant in and of itself. The lessons learned from the signal analysis of this circuitry are invaluable. 

Learning about circuit design from capacitive coupling between the rails of a proto-board to power supply 

noise amplification and RLC ringing in a hands-on manner has greatly improved my understanding of the 

concepts covered in lectures. 

The planned framework for my future work on this project consists of: 

 Manipulating the coils to have a resonant frequency near 45 kHz as this is the midpoint 

of the current frequency range of the transformer’s ability to produce and maintain an 

arc across the spark-gap. 

 Possibly use different values of capacitance with respect to the Miller integrator to 

influence the frequency of the signal to the MOSFET. 

Once the arc can be maintained with the primary coil connected in parallel: 

 Look for and measure output voltage from the secondary coil. 

 Measure the rate of charge into the output capacitor. 

If low or no values: 

 Connect a “real” earth ground. 

 Change the P-channel MOSFET to an N-channel (including wiring requirements). In the 

preliminary testing this substitution produced identically inverted waveforms shooting 

down on the scope. This would indicate an opposite direction of flow and perhaps in this 

manner we could tap into the reservoir of the earth as discussed in §2.2. 

If no significant results: 

 Replace the drive circuitry used here with the same drive apparatus used by Mr. Smith in 

his original design. 

 Use stranded, insulated wire for a new primary coil. 
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Appendix 

 

IN5408 Diode 
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IRF9130  
Absolute Maximum Ratings  

JANTXV2N6804 [REF:MIL-PRF-19500/562]  

100V, P-CHANNEL  
PD - 90549C  

Part Number  BVDSS  RDS(on)  ID  

IRF9130  -100V  0.30 Ω  -11A  

Features:  

 Repetitive Avalanche Ratings 

 Dynamic dv/dt Rating 

 Hermetically Sealed 

 Simple Drive Requirements n Ease of Paralleling 

 

 Parameter   Units  

ID @ VGS = 0V, TC = 

25°C  
Continuous Drain Current  -11  

A  ID @ VGS = 0V, TC = 

100°C  
Continuous Drain Current  -7.0  

IDM  Pulsed Drain Current ➀  -50  

PD @ TC = 25°C  Max. Power Dissipation  75  W  

 Linear Derating Factor  0.60  W/°C  

VGS  Gate-to-Source Voltage  ±20  V  

EAS  
Single Pulse Avalanche 

Energy ➁  
81  mJ  

IAR  Avalanche Current ➀  -11  A  

EAR  
Repetitive Avalanche Energy 

➀  
7.5  mJ  

dv/dt  
Peak Diode Recovery dv/dt 

➂  
-5.5  V/ns  

TJ TSTG  
Operating Junction 

Storage Temperature Range  
-55 to 150  

oC  

 Lead Temperature  
300 (0.063 in. (1.6mm) from case 

for 10s)  

 Weight  11.5 (typical)  g  
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