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Abstract: 

A dual-resonant solid state Tesla coil was designed and built with the goal to 

programatically modulate the frequency of discharges in order to produce music. Though not yet 

fully operational, several components show promising results. Building and diagnosing problems 

with the Tesla coil required a deep exploration of the physics of electromagnetism, mechanical 

design, signal processing, and software engineering. The idea of a musical Tesla coil has been 

popularized by groups using it in physics demonstrations and live performances, and they serve 

as the basis for this project. Most importantly, this project serves as a tool to engage students of 

physics, musicians, and bystanders alike. 



Introduction: 
In 1861, the Tesla coil was fathered by Nikola Tesla, a Serbian inventor known for 

championing alternating current. Tesla patented many designs regarding his novel discoveries, 

starting with a system for high-frequency switching to charge capacitors up to a voltage large 

enough to breakdown an air gap.  

 
Figure 1: Circuit diagram patented by Tesla for an LC oscillator that can arc through the air 

 

Using this system, Tesla created a resonant air core transformer, the earliest form of a Tesla coil, 

which he used to power vacuum tubes and fluorescent lights. 

 
Figure 2: Tesla’s design of a lighting system based on his experiments with LC circuits 



Tesla eventually patented an “Apparatus for Transmitting Electrical Energy,” which most 

resembles  modern Tesla coils. 

 
Figure 3: Tesla’s “Apparatus for Transmitting Electrical Energy” which can wirelessly transfer energy. This most 

closely resembles a modern Tesla coil as a loosely coupled air core transformer 

 

Tesla’s goal in designing the coil was to work towards wireless transmission of electricity. He 

proposed to place his coils across the world in order to allow electricity to be sent through the 

air; however, without any financial backing, Tesla’s grand plan ultimately failed. Nevertheless, 

Tesla applied his coils to another form of wireless transmission: radios. Tesla used the same 

concept for the transmission of electricity to create spark gap transmitters. 



  
Figure 4: Basic circuit of an LC oscillator system with a spark gap such that energy transfers when voltage in the 

LC circuit passes the threshold of the breakdown voltage of air 

 

The spark gap kept the circuit between the first capacitor and second capacitor open while the 

first charged up. Once the first charged up to the breakdown voltage, the second capacitor would 

charge and discharge into the inductor, thus generating electromagnetic waves. These waves 

dampened over time, but repeated breakdown of the spark gap at the resonant frequency of the 

secondary circuit would allow for a continuous wave. However, this form of transmission lost 

appeal for radios as it used an unnecessarily broad spectrum for data transmission and therefore 

caused high interference with other signals. Moreover, this form of transmission is illegal under 

Title 47 Telecommunications Federal Regulations. 

Though the principles of high voltage transformation and thus the core ideas of the Tesla 

coil are still employed in modern day radio transmissions, modern Tesla coils rarely serve that 

purpose; rather, they are used for demonstration purposes, whether it be for showing the 

relationship between electricity and magnetism or creating visual art with large streaks. Tesla 

coils have been used in many films including Star Trek: The Movie, Harry Potter and the Order 

of the Phoenix, and Terminator 2. The Sorcerer’s Apprentice also prominently features a Tesla 

coil for the purpose of generating music. Musical Tesla coils have become a mainstream 

application of the device, leading to the creation of bands such as ArcAttack solely devoted to 

music actualized on these coils. Whether the use be lightning in film or in creating visual 

pairings for music, modern Tesla coils focus on optimizing arc length, and thus use toroids for 

toploads, contrasting Tesla’s original spherical topload design to improve wireless transmissions. 



Nikola Tesla presented the idea of a Tesla coil as a method for wireless transmission of 

electricity. Tesla coils were implemented for this use, amongst others, notably including 

transmission of radio waves over a narrower band of frequencies than previously possible, 

because of the high voltages generated using a resonant circuit. Modern Tesla coils are often 

used for education to demonstrate the relationship between electricity and magnetism as well as 

the use of resonant circuits. Moreover, Tesla coils are used in art displays, often to create music. 

Each discharge of a Tesla coil heats the air around the arc, creating a pressure wave, and thus 

sound wave. With a single discharge, this sound wave sounds like a pop. By repeating discharges 

at a certain frequency, the pitch of the sound may be controlled. As such, a string of notes can be 

converted to their frequencies and sent to the Tesla coil so that they are played using the arcs of 

electricity.  

Many groups already utilize Tesla Coils for musical displays. Notably, ArcAttack is a 

band that, in addition to other high-tech musical performances, uses musical Tesla coils as their 

main act. They further the use of science in the creation of their art with Faraday cage suits. A 

closed conductor carries charge on its surface and thus there is no net electric field inside the 

conductor. Therefore, if a person wears a closed metal suit in the presence of a Tesla coil, arcs 

will strike the suit, but there would not be any voltage difference across the person inside, so the 

person will be safe. This exhilarating experience creates an engaging display of science and arts. 

Therefore, in addition to providing insight into electromagnetism and resonant circuits, a musical 

tesla coil creates an engaging display of the fusion of art and science. 

 

Theory: 
A Tesla coil acts as a large capacitor, using its topload as one terminal, the ground as the 

other, and the air as a dielectric. Charge can arc across the air once the topload crosses a 

threshold voltage based on the surrounding air. At STP, the breakdown voltage of air is on the 

order of . This result can be shown using Paschen’s Law, which describes the breakdown 

voltage of a gas as a function of the product of gas pressure and gap length. The Paschen curve 

for the various gases making up air can show the breakdown voltage of air. The violet color of 

the arcs from a Tesla coil indicate that the nitrogen gas in the air is being ionized. Electrons are 
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ripped from nitrogen which allows current to flow through the air, heating the nitrogen gas and 

emitting the violet light. 

 
Figure 5: Paschen curves indicating breakdown voltage for various gases present in air. For a spark of 1 m at STP 

(760 Torr), the breakdown voltage of air would be around 105 Volts. 

In order to achieve a high enough voltage to break down the air, the Tesla coil must step 

up input voltage. Transformers contain two inductors and use the laws of electromagnetism to 

change the input voltage. Generally, AC current passes through one inductor in the transformer 

which generates an alternating magnetic field. This induces a magnetic field and thus current to 

flow through the second inductor. The magnetic field is directly proportional to the number of 

coil turns, so a high ratio between the number of turns in the second coil to number of turns in 

the the first coil outputs a higher voltage. 

 



 
Figure 6: Diagram of a step up transformer. The turn ratio of the secondary to the primary is proportional to the 

amplification in voltage of an input AC signal 

 

Like a transformer, the Tesla coil has two circuits with inductors: a primary and 

secondary circuit. The primary circuit consists of a switch, a capacitor, and the primary coil. As 

current passes through the primary coil, it acts as a solenoid, and thus produces a magnetic field 

 such that  

 

  

 

where  is the permittivity of the material inside the solenoid,  is the number of turns of the 

coil, and  is the length of the solenoid.  

 

 
Figure 7: A solenoid with current I and length l. An induced magnetic field is present through the solenoid. 
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Given that there is a magnetic field passing through the coil, magnetic flux  is present such 

that  

 

  

 

where  is the cross sectional area of the solenoid. Ignoring the fringe effects of a solenoid, thus 

assuming that the field lines are perpendicular to the cross sectional area, and substituting for the 

magnetic field shows that  

 

 

 

Faraday’s law states that a changing magnetic flux induces an electromotive force  in the coil 

such that  

 

 

 

By differentiating the previous definition for  with respect to  as 

 

  

 

Substituting into the definition for  shows that 
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Therefore, the electromotive force is dependent on the rate of change of current flowing through 

the solenoid, as well as a constant dependent on the geometry of the solenoid, defined as 

 

  

 

This property of the coil is called its self-inductance, which can be thought of as the 

coil’s resistance to changes in current. This resistance to change is evident through the negative 

sign present in the equation for the electromotive force, and can be also framed through Lenz’s 

Law, stating that the induced force opposes the change in flux, and thus acts in the direction 

opposite to the change in flux based on the right hand rule.  

Current is allowed to flow through the primary circuit once the switch is triggered. In 

traditional spark gap Tesla coils, a spark gap is used as the switch, allowing current to flow once 

the voltage across the gap exceeds the breakdown voltage of the air between the terminals in the 

gap. Voltage is built across the gap by charging a capacitor or capacitor bank in series with the 

spark gap. Once at the breakdown voltage, electricity arcs across the gap, completing the circuit, 

and current flows through the primary coil.  

 
Figure 8: Simple circuit for a spark gap tesla coil. AC current from a wall outlet passes through a transformer 

which steps up the voltage. The current then periodically passes through the primary coil such that it is tuned to the 

resonant frequency of the primary circuit and secondary coil.  
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Once fully charged, the capacitor has a voltage . Therefore, the voltage drop  

across the primary coil must therefore be equal to . The voltage of a capacitor can be found as  

 

 

 

where  is the charge on the capacitor and  is the capacitance. Based on the inductance of the 

primary coil, 

 

 

 

 

Given that the second derivative of the function for  is related to itself, the function for  may 

be found by inspection as 

 

 

 

Substituting shows that  

 

 

 

This holds only when  
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From this, the resonant frequency of the primary coil can be found as 

 

  

 

When driven at the resonant frequency, the primary coil excites the secondary coil which also 

begins to oscillate at its resonant frequency. The use of the dual-resonant topology takes 

advantage of the quality factor of an RLC circuit. Since there is resistance in the wires and 

general non-idealities, the oscillation of the circuit is damped and will dissipate. The Q factor is a 

ratio of the energy stored to the energy dissipated, and indicates the amplification and 

selectiveness of oscillation. High Q factors result in high amplification at the cost of heightened 

selectivity of resonant frequencies. Low Q factors allow for a larger margin of frequencies to 

which the circuit will respond, though the response will be smaller. 

 
Figure 9: A graph of quality factor vs frequency is presented to show the selectivity of LC circuits where higher 

selectivity leads to larger responses on a smaller bandwidth. 

 

Spark gaps are the traditional method for switching tesla coils. However, modern 

advancements use specialized solid state transistors as a mechanism for switching, explaining the 

name of “Solid State” Tesla coils. Transistors allow greater control over the switching, and thus 

can allow for frequency modulation of repeated discharges. Control over the frequency allows 
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for control over the notes created by the arcs of the tesla coil. These transistors must operate on 

DC current. While a spark gap acts independently of the direction of current, and can therefore 

operate on AC current, a transistor would need current to flow in only one direction. However, 

current supplied from a wall outlet is AC, oscillating at 60 Hz in standard US outlets. In order to 

rectify the AC to DC current, a full wave bridge rectifier may be used. Four diodes are placed in 

a bridge circuit such that the input AC flows out through the same lead to the load.  

 

 
Figure 10: Circuit diagram of a full bridge rectifier to convert AC to DC power. A capacitor would be added in 

parallel to the load to smooth out ripple voltages. 

 

In the positive cycle, current flows from the AC source through D1, into the load, through 

D2 and returns to the AC source. Both D3 and D4 block the flow of current, as shown in the 

circuit below. 

 
Figure 10a: The positive cycle of the input AC source through the rectifier 

 

In the negative cycle, current flows from the AC source through D3, into the load, through D4 and 

returns to the AC source. Both D1 and D2 block the flow of current, as shown in the circuit below. 



 
Figure 10b: The negative cycle of the input AC source through the rectifier 

 

This method allows current to flow through the load in the same direction. However, this method 

creates ripple voltages, and thus a non-steady DC power supply, that vary with the oscillation of 

the current. 

 
Figure 11: Rectified AC signal. There are large ripples from peak to base 

  

To smooth these ripples, a large capacitor may be placed in parallel with the load. A filter or 

reservoir capacitor charges during the peak of the rectified current and discharges through the 

load at a slow rate. The rate of discharge is directly proportional to the capacitance, so a larger 

capacitor remains closer to steadily discharging between peaks of the rectified current. 



 
Figure 12: Graph of raw rectified voltage without capacitor and then filtered voltage with minimized ripple, 

approximating DC power. 

 

There are a few methods of determining the capacitance needed for a reservoir capacitor. The 

circuit may be thought of as an RC circuit where the resistance mostly comes from the 

impedance of the primary coil. The capacitance of the filter capacitor may be calculated as 

 

 

 

Where  is the time between peaks while the capacitor is discharging. 

Another method of reducing ripple is to shift phases of AC current such that rectified 

pulses overlap, thereby reducing the time between peaks. A 3-phase 6-pulse rectifier takes 

advantage of the full wave and, at the cost of two extra diodes and a more complex circuit, 

reduces ripple even without a filter capacitor by shifting the phase by 120°, thus creating the 

overlap. However, 3-phase power is typically used in industrial settings and is difficult to find. 

The voltage in the primary coil gets stepped up by the secondary coil, so higher voltage 

in the primary multiplies to much greater voltages at the topload. Given the limitations of the 

threshold voltage of the transistors, large transformers cannot be used to create higher initial 

voltages in the primary coil. The goal, therefore, is to maximize voltage from the wall based on 

the constraint of the transistors to rectify into DC. As such, a voltage multiplier may be used.  
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A voltage multiplier uses input AC power to charge specific capacitors on each cycle by 

directing flow of current with diodes which can then be used to discharge in a DC manner. The 

circuit shown below doubles the input AC voltage. On the negative half cycle, diode D1 is 

forward biased and diode D2 is reverse biased. From Kirchoff’s loop rule, it is shown that 

 so . On the positive half cycle, diode D2 is forward biased and diode 

D1 is reverse biased. From Kirchoff’s loop rule, it is shown that  so 

. Since C1 pumps the voltage through to C2 in addition to the input 

voltage, it is aptly named the pump capacitor.  

  
Figure 12: Two perspectives of a voltage doubler circuit, the introduction to a general voltage multiplier 

 

As such, this circuit doubles the voltage and is a common voltage multiplier. However, more 

complex circuits can multiply the voltage even further. The circuit below shows a voltage 

quadrupler circuit. It can be thought of as being composed of two full sections, each doubling the 

voltage. A closer look shows that, in fact, doubled, tripled and quadrupled voltages may be 

extracted from the circuit. On the first negative half cycle, diodes D1 and D3 are forward biased 

while diodes D2 and D4 are reverse biased. Kirchoff’s loop rule shows that  so 

. On the first positive half cycle, diodes D2 and D4 are forward biased while diodes 

D1 and D3 are reverse biased. Kirchoff’s loop rule shows that  so 

. Similarly, on the second negative half cycle, diodes D1 and D3 are 

forward biased while diodes D2 and D4 are reverse biased. Kirchoff’s loop rule shows that 

 so . On the second positive half cycle, diodes D2 

and D4 are forward biased while diodes D1 and D3 are reverse biased. Kirchoff’s loop rule shows 

that  so . As such, the voltage from the 

anode of C2 to the cathode of C4 is four times the input voltage, and discharges in a DC manner. 
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Moreover, the voltage over C1 is one times, over C2 is two times, and over C1 and C3 is three 

times the input voltage. 

  
Figure 13: A voltage quadrupler that acts a x1, x2, x3 and x4 multiplier depending on where the leads of the load 

are placed. 

 

Design: 
There are three main components of a solid state tesla coil: the voltage supply, the 

physical circuit, and the logic circuit. Each section presents its own design challenges. 

The voltage supply of a SSTC needs to be stored in two large capacitors. SGTCs use AC 

across their primary coil in order to induce voltage in the secondary coil. The use of solid state 

switches in SSTCs provides control over switching at the cost of being able to use AC. By using 

two capacitors as a voltage supply, DC current may be applied in opposite directions across the 

primary, mimicking the AC nature of a SGTC while preserving the solid state components. Since 

a voltage multiplier such as a quadrupler readily provides two large capacitors that can act as 

voltage supplies, a quadrupler was constructed using four 5600  capacitors rated for 450 V. 

The high capacitance allows a slow and near-steady discharge through the primary, and the high 

voltage is necessary to store voltage from connecting the multiplier to an outlet. Since standard 

American outlets supply 120 VAC (RMS), the peak voltage can be found as 

. Given the nature of a quadrupler, this results in two capacitors storing 

about 340 V. These capacitors may be used to supply voltage in opposite directions across the 

primary in a DC manner. Another critical aspect of the quadrupler design were the diodes used to 

direct the flow of current. Since capacitors act as short circuits when initially uncharged, the 

https://www.codecogs.com/eqnedit.php?latex=%5Cmu%20F%0
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initial draw of current can be extremely high, so appropriate diodes must be used to handle high 

current and therefore high power dissipation, though only in the initial charging of the capacitors. 

As such, large 6 A diodes were used to connect the capacitors. 

The physical circuit is the visible part of the Tesla coil consisting mainly of the primary 

coil, primary capacitor, secondary coil, and topload. DRSSTCs are more similar to SGTCs than 

standard SSTCS in that both the primary and secondary circuits consist of an inductor and 

capacitor to form an LC oscillator, and both oscillate at the same resonant frequency. SSTCs 

omit the primary capacitor and therefore only have one oscillating circuit. As such, in 

constructing a DRSSTC, the components must be chosen and built such that 

 in order to give both circuits the same resonant 

frequency. This shows another reason why the voltage supply capacitors should be rated for 

relatively large capacitances. Since the primary capacitor and the supply capacitor will be in 

series, the effective combined capacitance can be calculated using the capacitance addition rules. 

For capacitors in series, the effective capacitance can be found as . 

Using a capacitor with a relatively large capacitance compared to that of the primary capacitor 

will reduce the change in capacitance of the primary circuit. Another consideration for choosing 

primary capacitors is that they must be able to switch at the high frequencies of the primary 

circuit. The capacitor in the secondary LC circuit, often called the parasitic capacitor, is 

determined by the geometry and material of the topload. A toroid was selected for the topload as 

its curvature allows high capacitance and concentrates the electric field generated around the 

major radius, thus directing larger streamers away from the coils. In contrast, spheres, another 

common topload, uniformly distribute charge over a larger area resulting in smaller streamers 

created evenly in all directions. The toroid used had a major diameter of 8 inches and a smaller 

diameter of 2.25 inches, resulting in a capacitance of about 8.897 pF. The coils were constructed 

to create a high turn ratio, prevent arcing between coils, and optimize coupling. The secondary 

coil was constructed using 2000 turns of 36 gauge wire wrapped around an ABS pipe with an 

outer diameter of 4.5 inches and length of 11 inches. When wrapping the secondary, care was 

taken to prevent overlapping turns, as this could lead to arcing between turns on the secondary. 
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The primary was constructed using 0.25 inch diameter copper tubing wrapped into an acrylic 

form creating a 10 inch diameter coil with 1 inch spacing between each turn. The coil was 

constructed vertically in contrast to other coils which use pancake spirals or helices because of 

the lower voltages in the primary as well as better coupling from the more directed magnetic 

field in a straight coil. The exposed copper tubing allowed for leads to be slid along the coil, 

giving the primary coil variable inductance with a maximum of about 6 turns. The separation 

between the primary and secondary prevents arcing between the two coils. The spacing between 

the turns of the primary prevent arcing with in the primary, as well as allow for more variance in 

the inductance and coupling, as the secondary is elevated vertically along the central axis of the 

primary.  

 

Table 1: The physical design of the primary and secondary LC circuits 

 Turns Diameter (m) Length (m) Inductance 
(H) 

Capacitance 
(C) 

Frequency 
(kHz) 

Primary 5.5 0.254 0.1651 2.727E-6 6.0E-7 124.423 

Secondary 2000 0.057 0.279 0.184 8.897E-12 124.427 

 

The simplest way to drive the primary coil would be to connect the solid state switches to 

the capacitors and coil and provide a signal at the resonant frequency of the coils such that the 

switches are in inverted states. This would discharge the supply capacitors through the primary 

circuit in opposite directions at the resonant frequency, inducing the secondary to resonate, 

letting the coil run.  These switches must be capable of switching at high frequency and 

withstand high voltages. Common solid state transistors are a good way to implement a switch. 

Transistors act as gates to prevent current from flowing. Applying an input voltage to the base of 

a transistor “opens the gate” and allows current to flow through from collector to emitter; 

however, at high voltages, current may arc across the gate thus rendering the transistor 

ineffective. Insulated Gate Bipolar Transistors (IGBTs) are best suited for use in Tesla coils over 

other types of transistors such as Metal-Oxide-Semiconductor Field-Effect Transistors 

(MOSFET) and Bipolar Junction Transistors (BJT). MOSFETs and BJTs can handle high current 

and voltage but switch at slow speeds or can switch quickly but units that can handle high 



current and voltage become extremely expensive. An IGBT combines high switching speeds 

with high current and voltage ratings by using an insulated MOS gate structure with bipolar 

layering. 

However, simply switching IGBTs with such high current continuously would quickly 

heat due to the power dissipated across them, causing them to fail. The introduction of a logic 

circuit remedies the potentially high power dissipation of the transistors in three ways. Firstly, 

heat sinks are mounted to the transistors and a fan blows air across the heat sink to efficiently 

remove heat from the transistor. Secondly, an interrupter signal is used to run the coil for a 

fraction of the time it is “on” by allowing the transistors to switch rapidly during very short 

periods. These periods should be repeated at a frequency that is too fast for perception, so that a 

viewer thinks the coil is being run continuously. A pulse-density modulation (PDM) waveform 

be created with a specified frequency and duty cycle. For the purposes of reducing on-time, the 

duty cycle should be set to around 10%. This also allows for control over the frequency of 

discharges, meaning the frequency (pitch) of the pressure waves (sound waves) created can be 

controlled. This signal may be created by a microcontroller with a high-frequency crystal. The 

Arduino Uno Rev3 uses an ATmega328P processor, carries a 16 MHz crystal, and three 

hardware timers. The signal can be generated using these timers, or it can be “bit-banged” using 

delays built on top of Timer0. To maintain the integrity of the signal and to protect the Arduino, 

the signal is converted to an optical signal and sent over a fiber optic cable to the logic circuit 

where it is converted back into an electric signal. Secondly, the transistors should switch at 

zero-current crossings. Since power is closely related to current, by switching the transistors 

when there is little current running through them, the power dissipated can be reduced. This can 

be accomplished with an edge triggered D-type flip flop. These circuits are latches that operate 

based on the following function table (also called truth table): 

 

Table 2: The operating truth (function) table of the D-type flip flop used 

CLR CLK D Q 

0 X X 0 

1 Pos. Edge 1 1 



1 Pos. Edge 0 0 

1 0/1 X Q0 

 

From the function table, the value of CLR determines the operation of the rest of the 

circuit. A low value of CLR means the output will also be low, effectively clearing the output. A 

high value of CLR means the output depends on CLK. On a high or low of the wave put into the 

clock, the output is held constant. On a positive edge of the clock, the output is set to the input 

data. The interrupter signal is inverted and fed to CLR while the signal of current in the primary 

is fed into CLK, and D is held high. During the pulses of the interrupter signal, CLR is low, so 

the flip flop outputs low. When the interrupter signal goes back to low, CLR is high and D is 

high, so when the current in the primary is about to switch, the output switches to high. Inverting 

the output creates a signal based on the current in the primary and the interrupter telling the 

transistors when to switch. High currents from the primary can’t be fed directly into the sensitive 

components. As such, a current transformer is used to step down the current to safe levels. The 

transformer uses a wire wrapped around a toroid. The alternating primary current is sent through 

the center of the toroid such that it generates a circular alternating magnetic field through the 

loops of the toroid. This induces a current in the wire, scaled down by the number of turns.  

 
Figure 14: Diagram of the operation of a current transformer. An AC signal in the primary is stepped down to 

usable voltages in the secondary. 

 



The generated signal can also be fed through a current limiting resistor. The signal is also clipped 

by two diodes, where the first diode leads from ground to the signal while the second leads from 

the signal to 5 V. Since voltages are relative, any voltage greater than 5 V or less than 0 V will 

be clipped away. The signal can then be fed twice through a logic inverter to square it off. This 

square wave is now safe to use with the logic circuit. 

Given the gate structure of IGBTs, there is a capacitance of the gate that must be filled in 

order to switch them. To do so quickly, a large pulse of current must be used. Gate drivers are 

designed specifically to drive the gates of IGBTs, and offer a critical enable pin. The sensed 

current signal is input into the in pin on the drivers so that, when the drivers are enabled, they 

will switch at the resonant frequency of the primary. The inverted output of the D-type flip flop, 

which corresponds to the modified interrupter signal such that it switches only on zero-current 

crossings of the primary is fed into the enable pin. As such, during the pulses of the interrupter, 

the drivers switch the transistors at the resonant frequency of the primary, and near the end of the 

interrupter pulse when there is zero current in the primary, the transistors switch off.  

However, the transistors must be electrically isolated from the sensitive logic circuit. One 

common method of electrical isolation, that already is implemented to isolate the interrupter 

generator from the logic circuit, is an optocoupler. A simpler way than implementing an IC 

optocoupler, however, is to use a 1:1:1 gate drive transformer with a push-pull pair of gate 

drivers. The push-pull set up means both gate drivers receive identical signals to their enable and 

input pins, but one inverts the output. As such, the output of the two can be connected through a 

GDT such that the magnetic field and thus the output current oscillates at the frequency of the 

driver pair. Moreover, this setup allows constant voltage for both gates of the transistors, as the 

voltage drop over each is relatively the same. The full circuit diagram including, from right to 

left, the voltage supply, physical circuit, and logic circuit is shown below: 



 
Figure 15: General circuit diagram including (from left to right) logic, physical and multiplier circuits. 

 

The Tesla coil was built on an 18 in. x 18 in. x 4 in. base out of wood and acrylic. The base 

housed the voltage supply (stored in another acrylic case for additional security), the logic 

circuit, the fan, the primary capacitor tank, and wires for all connections. The fan, logic circuit, 

and voltage supply were each supplied with their own power source. The fan and logic circuit 

used a plug supplying rectified and current limited power while the voltage supply was powered 

by a standard 3-prong plug sent through a high voltage junction box with a large mechanical 

switch. The primary coil rested on top of the base inside its acrylic frame. The secondary coil 

was set inside a pipe cap which was mounted to the base. The toroid was attached to the 

secondary coil form using a strong double-sided adhesive to secure the toroid well but 

impermanently to allow for future modification. Scale diagrams of the setup are shown below: 



 
Figure 16a: Angled perspective of CAD drawing of entire Tesla coil. 1 square represents 1 square inch 

 

 
Figure 16b: Angled perspective of CAD drawing of interior of Tesla coil base. 1 square represents 1 square inch 

 

Results: 
While the circuit as a whole has yet to come together, many of the individual components 

worked. Firstly, the voltage multiplier showed that it was able to store twice the input wall 

voltage (120 V RMS, ~170 V peak-to-peak) in two of the capacitors. However, on all tests of the 

voltage multiplier, the voltage stored in each capacitor was observed to exceed the expected 



value (~340 V). This could be caused by inaccuracy of the multimeter used to measure the 

voltage in the capacitor.  

The logic circuit also performed mostly as expected. A square wave was applied to the 

input terminals of the gate drive transformer and the outputs of both channels were measured. 

Since the outputs go to the gates of the transistors, they should be inverted signals such that when 

one transistor closes, the other opens.  

 
Figure 17: The inverted signals of the push pull method (square-wave) across the gate drive transformer is shown. 

These signals drive the gates of the transistors, so they should always be opposite each other. 

 

The logic circuit was tested by using a frequency generator to create an interrupter signal. The 

output did start on a positive edge and terminate on a positive edge of the interrupter signal, 

though it skipped a pair. In practice, this would not be an issue, as the frequency of the 

interrupter could just be doubled to match the skipping, though in theory it is unclear what is 

causing this behavior. This test also does not match real conditions, as a resistor network was 

used to simulate a signal coming from the current in the primary. In practice, this resistor 



network would be used to connect the interrupter and primary signal in order to “tickle” the 

primary into oscillation so that once a current was sensed in the primary, it would dominate the 

interrupter signal. 

 
Figure 18: Combination of the interrupter signal (yellow) and primary signal is shown. Packets (green) start at one 

positive edge and end on the next. 

 

Though these components performed well in isolation, when connecting them based on the 

circuit diagram, the initial current draw was excessively high and flipped the circuit breaker. In 

theory, capacitors act as short circuits when initially being charged, which could be an issue with 

the capacitors used in the multiplier. However, capacitors have an Equivalent Series Resistance 

(ESR) that lowers current, and this high current is extremely brief, as the current in a charging 

capacitor exponentially decays. Also, the voltage multiplier was tested without flipping the 

breaker independently. After trying to modify the circuit to prevent any loose connections that 

may cause a short circuit, a iron-core choke with about 35 turns of 14 AWG wire and 1 inch in 

diameter was added in front of the multiplier, though to no avail. A choke is an inductor that 

limits large changes in current by taking advantage of Faraday’s Law, such that large time rates 

of change in magnetic flux, which would be caused by large time rates of change of current 

through the coil, creates a proportional back-emf opposing the current. The iron core and high 

turn density should have greatly reduced the current, but the breaker was still being thrown. This 

suggests that there may be an inherent flaw in the circuit design that is causing a short circuit, 

thus creating a high current draw. One possibility is that one of the transistors “burned out” 



which could cause the P and N layers of a transistor to melt together to form a conductor. This 

hypothesis is currently being tested. 

 

Conclusion: 
Though the project as a whole is still being developed, individual components show 

promising results. The next steps of the project are to finish a functional Tesla coil that uses a 

frequency generator to create an interrupter signal. Once the project is functional, software can 

be developed to programmatically generate a signal based on a music file. Overall, this project 

proved to be a beast to tackle, presenting challenges from the physics of RLC circuits, signal 

processing, the mechanical design of forming a copper pipe into a coil form, and software of 

generating a clean and accurate square wave to name a few. Building a DRSSTC without prior 

knowledge also proved to be difficult, as many resources recommended techniques for building 

SGTCs because of the high level similarities. Resources designated for DRSSTCs were often 

either overly general and lacked a presentation of the theory behind the concepts or were overly 

technical and opaque to a beginner. Through this project, documenting design decisions for 

future work became one of the goals. Though frustrating at many times, taking this project on 

can teach both practical and theoretical concepts from a variety of fields which ultimately 

fulfilled the purpose of the project.  
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Appendix: Parts list 

Part 

Description 

Quantity Use Unit Cost Total 

Cost 

Where to Buy 

High frequency 

capacitors 

4 Primary circuit 

capacitor bank 

$6 $24 Digikey 

(338-3164-ND) 

High voltage 

capacitors x4 

4 

(Already 

have 3) 

Voltage 

Quadrupler and 

Supply 

$13  $13 Ebay 

High current 

diodes 

4 

(Already 

have) 

Voltage 

Quadrupler 

$1 $0 Digikey 

(6A10DICT-ND) 

Power resistors 4 Bleeder resistors $2 $2 Ebay 

IGBT 2 Switching 

element of 

primary circuit 

$5 $10 Digikey 

(FGL60N100BN

TDTU-ND) 

Gate drivers 2 Logic circuit $3 $6 Digikey 

(296-13686-5-N

D) 

D-type flip flop 1 Logic circuit $1 $1 Digikey 

(296-3972-5-ND

) 

Logic Inverter 1 Logic circuit $1 $1 Digikey 

(296-4217-5-ND

) 



Gate Drive 

Transformer 

1 Logic circuit $15 $15 Digikey 

(237-1112-ND) 

Current 

Transformer 

1  Logic Circuit $7 $7 Digikey 

(237-1101-ND) 

Copper tubing 15 feet Primary inductor $20 $20 Hardware store 

36 AWG 

Magnet wire  

2,400 

feet 

Secondary 

inductor 

$8 $8 Amazon 

Spun Aluminum 

Toroid 

1 

(Already 

have) 

Topload $50  $0 amazing1.com 

Arduino Uno 

Rev3 

1 

(Already 

have) 

Generating 

interrupter signal 

$22  $0 store.arduino.cc 

Fiber Optic 

Cable 

1 Carrying music 

data from 

Arduino 

$2 $2 Digikey 

(FB140-1-ND) 

Fiber Optic 

Transmitter 

1 Transmitting 

interrupter signal 

$7 $7 Digikey 

(FB129-ND) 

Fiber Optic 

Receiver 

1 Receiving 

interrupter signal 

$11 $11 Digikey 

(FB142-ND) 

Computer Fan 1 

(Already 

have) 

Cooling 

transistors 

$15  $0 RadioShack 

Switched 1 Break circuit to $50 $50 Home depot 



Junction Box voltage supply 

ABS Pipe 1 Secondary Coil 

Form 

$5 $5 Home Depot 

ABS Pipe Cover 1 Mount for 

Secondary 

$4 $4 Home Depot 

Rubber 

mounting feet 

Pack of 4 Feet for base $1 $1 Home Depot 

Wood and 

Acrylic 

2-3 

sheets 

(Already 

have) 

Base $20  $0 Home Depot 

14 AWG wire 25 feet 

(Already 

have) 

Electrical 

connections 

$8 $0 Amazon 

Ring terminals About 20 

(Already 

have) 

Electrical 

connections 

$5 $0 Amazon 

Total Cost $187 

 

 

 

 

 

 

 



Bibliography 
https://nationalmaglab.org/education/magnet-academy/history-of-electricity-magnetism/museum

/tesla-coil-1891 

http://www.teslaradio.com/pages/teslafaq/q&a_021.htm 

http://physicsbuzz.physicscentral.com/2007/11/musical-tesla-coils.html 

https://www.youtube.com/watch?v=KGhNgeg9IAw 

http://www.rpi.edu/dept/phys/Dept2/physlabsite/demoFaradaycage.htm 

https://hypertextbook.com/facts/2000/AliceHong.shtml 

https://blog.gotopac.com/2013/04/17/air-ionization-how-it-works/ 

Practical Electronics for Inventors by Paul Scherz, page 132 

http://deepfriedneon.com/tesla_f_calctoroid.html 

http://www.teslacoildesign.com/ 

https://www.electronics-tutorials.ws/blog/voltage-multiplier-circuit.html 

https://www.electronics-tutorials.ws/power/insulated-gate-bipolar-transistor.html 

https://www.robotshop.com/letsmakerobots/arduino-101-timers-and-interrupts 

https://www.electronics-tutorials.ws/sequential/seq_4.html 

http://onetesla.com/tutorials/how-a-tesla-coil-works 

http://www.loneoceans.com/labs/sstc2/ 

http://www.loneoceans.com/labs/drsstc1/ 

http://hazardousphysics.christophergerekos.eu/main/zeus/The_Zeus_Tesla_Coil_2.html#rlc-q 

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/serres.html 

 

 

 


