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Abstract 

We cannot imagine the world without electric power. Generally the power is 

transmitted through wires. This project describes an original idea to eradicate the hazardous 

usage of electrical wires which involve lot of confusion in particularly organizing them. 

Imagine a future in which wireless power transfer is feasible: cell phones, household robots, 

mp3 players, laptop computers and other portable electronics capable of charging themselves 

without ever being plugged in, freeing us from that final, ubiquitous power wire. Some of these 

devices might not even need their bulky batteries to operate. This project includes the 

techniques of transmitting power without using wires with an efficiency of about 95% with 

non-radiative methods. Due to which it does not affect the environment surrounding. These 

techniques Includes resonating inductive coupling in sustainable moderate range. The coupling 

consists of an inductor along with a capacitor with its own resonating frequency. In any system 

of coupled resonators there often exists a so-called “strongly coupled” regime of operation. If 

one ensures to operate in that regime in a given system, the energy transfer can be very efficient. 

Another technique includes transfer of power through microwaves using rectennas. This is 

particularly suitable for long range distances ranging kilometers. With this we can avoid the 

confusion and danger of having long, hazardous and tangled wiring. This project as a whole 

gives an effective, high performance techniques which can efficiently transmit the power to the 

required area varying in distances. .  
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Chapter 1 Introduction to WiTricity 
 

High power moving objects can be supplied economically if appropriate wireless power 

transfer (WiTricity) sources exist. A maglev system, with a linear synchronous motor, for 

instance, requires primary windings distributed along the track, resulting in substantial increase 

in the construction and maintenance cost. Placing windings on the mover plus a proper 

WiTricity system considerably reduces the cost. A suitable structure for high power WiTricity 

systems should be designed to satisfy the best performance and meet the requirement of the 

application. The simplicity of the implementation is also essential in selecting the WiTricity 

structure. 

In WiTricity for high power moving applications, the apparatus usually includes a small 

air gap along the main flux path that links two coils. A primary coil is located on the stationary 

base unit while a secondary coil is located on the vehicle. The latter coil effectively receives 

the power from the primary side through the air gap and delivers it to the vehicle. The power 

can be used immediately by a traction motors or can be stored for later use. Also, a WiTricity 

structure can be constructed in conjunction with a magnetic levitation system using Hallbach 

arrays, permanent magnets (PMs), passive and self-controlled systems. Although the required 

power for a levitation system is usually lower than the power needed by a propulsion system, 

the combined system causes a reduction in total weight of vehicle and improves its 

performance. 

Different WiTricity structures for transferring high power form long primary tracks to 

moving objects are considered. In particular, two types of WiTricity systems, i.e., with long 

bus bars and with long magnetic material cores are proposed. Also, WiTricity structures for 

monorail systems with U, S, E, Z and λ shapes are introduced. Two WiTricity structures are 

presented and analyzed for the linear servo motors. A WiTricity system consisting of a U shape 

pickup on the vehicle and three wires as primary winding is proposed for supplying movable 

vehicles. The mentioned works not thoroughly discuss the system analysis and design, 

considering practical limitations such as operating frequency when both high power transfer 

and high efficiency are desirable. In order to attain high performances in WiTricity systems, 

capacitive compensations in both primary and secondary sides are recommended to provide 

resonance conditions. Resonance based WiTricity systems save weight, space and cost of the 

system. However, some special applications can be supplied by non-resonance based WiTricity 

systems with proper designs. 
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Coaxial WiTricity systems including a straight primary wire passing through the center of 

a cylindrical secondary core with an air gap have already been recognized. It can be used in 

Maglev as well as in wireless EV charging systems and power delivery system for mining 

applications. Also, a high power coaxial inductive power transfer pickup is presented. A partial 

design of the system is reported recently. However, a systematic modeling, analysis and design 

procedure is not reported in the literature. 

In this work, a coaxial WiTricity system as in Fig. 1 is considered. A mathematical model 

is used for the system analysis including the compensating capacitors. The analysis includes 

the calculation of transferred power, efficiency, coupling coefficient, etc.. Then, a design 

procedure is proposed to achieve high efficiency and high transferred power. The work extends 

the application of low power resonance based inductive magnetic coupling to high power 

applications like Maglev. The system parameters are obtained to meet the design specifications. 

Analytical results are verified by 3D FEM simulations to confirm the design. 

 

 

 

1.1 What is WiTricity? 

WiTricity (wireless power transmission) is nothing but wireless electricity. 

Transmission of electrical energy from one object to another without the use of wires is called 

as WiTricity. WiTricity will ensure that the cell phones, laptops, iPods and other power hungry 

devices get charged on their own, eliminating  the need of plugging them in. WiTricity 

technology is transferring electric energy or power over distance without wires. With the basics 
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of electricity and magnetism, and work our way up to the WiTricity technology. Even better, 

because of WiTricity some of the devices won't enquire batteries to operate. No, this concept 

of wireless electricity is not new. In fact it dates back to  the  19th  century,  when  Nikola  

Tesla  used  conduction-  based systems  instead  of  resonance  magnetic  fields  to  transfer  

wireless power.  Further,  in  2005,  Dave  Gerding  coined  the  term  WiTricity which  is  

being  used  by  the  MIT  researchers  today.  Moreover, we  all  are  aware  of  the  use  of  

electromagnetic  radiation (radio  waves)  which  is  quite  well  known  for  wireless  transfer  

of information.  In  addition,  lasers  have  also  been  used  to  transmit energy  without  wires.  

However, radio waves are not feasible for power transmissions because the nature of the 

radiation is such that it spreads across the place, resulting into a large amount of radiations 

being wasted. And  in  the  case  of  lasers,  apart  from  requirement  of uninterrupted  line  of  

sight  (obstacles  hinders  the  transmission process), it is also very dangerous. 

 

1.2 Why do we need WiTricity? 

There are so many places where a power source is needed for many appliances to work, 

but batteries cannot be there. Examples of such situations include remote underwater locations 

for temperature and tide sensors, concrete reinforcements for corrosion detectors, or even 

inside our own body for diagnostic endoscopes, etc. In such instances, ability to deliver power 

wirelessly where it is needed becomes an enabler to a much larger impact from countless 

electrical devices. Wireless Power Transmission (WiTricity) is the transmission of electrical 

energy from a power source to an electrical load without a conductive physical connection or 

interconnecting wires. Transmission of power wirelessly is very different from data 

communication wirelessly. Radio waves are used to send and receive cell phone, TV, radio, 

and WiFi data. The radio waves spread in all directions until they reach the antenna that is 

tuned to the right frequency. Spreading power in a similar way would be not only inefficient 

but also dangerous. Therefore, WiTricity is done utilizing technologies like inductive coupling. 

WiTricity is increasingly being used to make everyday products like cell phones, laptop 

computers, mobile robots, and electric vehicles, capable of re-charging themselves without 

ever being plugged in.  WiTricity enables flat screen TVs hang on the wall without any wires 

to power source. Medical devices and implants no longer need wires or batteries. Pacemakers 

do not have to be surgically replenished with batteries every few years. WT technologies 
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continue to evolve, so they can be safely and efficiently over larger and larger distances and 

deliver large amount of power. 

 

1.3 What Can We Do with WiTricity? 

Wireless energy transmission applications by WiTricity technologies will enable a new 

tether less truly mobile connected world: 

 Eliminate cords for everything from lamps and laptops to kitchen appliances 

 Eliminate the need for surgery to replace batteries for pacemakers inside human 

bodies 

 Eliminate chargers for mobile cell phone and cameras chargers 

 Eliminate extra installations needed for new power outlets when installing electrical 

devices 

 Eliminate restrictions of distance and need to place electrical product within a limited 

cord range to the wall outlet 

 Eliminate dangers of tripping posed by dangling power cord 

 Electrically powered devices will no longer need recharging 

 Highways would continuously recharge electric cars that drive on them 

1.4 How Does WiTricity Work? 

Wireless energy transfer (WiTricity) is an emerging technology that can wirelessly provide 

perpetual energy supply to wireless networks and wireless devices. WET is achieved by either 

the “near-field” electromagnetic (EM) induction technology or the “far-field” EM radiation 

(such as radio) for short- or long-range applications, respectively. There are many ways to 

transfer low levels of energy including: 

 WiTricity using EM induction 

 WiTricity using EM induction with resonance 

 WiTricity using EM radiation with radio waves 

 WiTricity using EM radiation with Light Amplification by Stimulated Emission of 

Radiation (laser) 
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Chapter 2 History of WiTricity 

 

2.1 Nikola Tesla 

Nikola Tesla (Serbian Cyrillic: Никола Тесла; 10 July 1856 – 7 January 1943) was a 

Serbian American inventor, electrical engineer, mechanical engineer, physicist, and futurist 

best known for his contributions to the design of the modern alternating current (AC) electricity 

supply system. 

Tesla gained experience in telephony and electrical engineering before immigrating to 

the United States in 1884 to work for Thomas Edison in New York City. He soon struck out 

on his own with financial backers, setting up laboratories and companies to develop a range of 

electrical devices. His patented AC induction motor and transformer were licensed by George 

Westinghouse, who also hired Tesla for a short time as a consultant. His work in the formative 

years of electric power development was involved in a corporate alternating current/direct 

current "War of Currents" as well as various patent battles. Tesla went on to pursue his ideas 

of wireless lighting and electricity distribution in his high-voltage, high-frequency power 

experiments in New York and Colorado Springs and made early (1893) pronouncements on 

the possibility of wireless communication with his devices. He tried to put these ideas to 

practical use in his ill-fated attempt at intercontinental wireless transmission, which was his 

unfinished Wardenclyffe Tower project. In his lab he also conducted a range of experiments 

with mechanical oscillators/generators, electrical discharge tubes, and early X-ray imaging. He 

also built a wireless controlled boat, one of the first ever exhibited. 

 

2.2 Tesla contribution 

The idea of transmitting power through the air has been around for over a century, with 

Nikola Tesla’s pioneering ideas and experiments perhaps being the most well-known early 

attempts to do so. He had a vision of wirelessly distributing power over large distances using 

the earth’s ionosphere. Most approaches to wireless power transfer use an electromagnetic 

(EM) field of some frequency as the means by which the energy is sent. At the high frequency 
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end of the spectrum are optical techniques that use lasers to send power via a collimated beam 

of light to a remote detector where the received photons are converted to electrical energy. 

Efficient transmission over large distances is possible with this approach; however, 

complicated pointing and tracking mechanisms are needed to maintain proper alignment 

between moving transmitters and/or receivers. In addition, objects that get between the 

transmitter and receiver can block the beam, interrupting the power transmission and, 

depending on the power level, possibly causing harm. At microwave frequencies, a similar 

approach can be used to efficiently transmit power over large distances using the radiated EM 

field from appropriate antennas. However, similar caveats about safety and system complexity 

apply for these radiative approaches.   

It is also possible to transmit power using non-radiative fields. As an example, the 

operation of a transformer can be considered a form of wireless power transfer since it uses the 

principle of magnetic induction to transfer energy from a primary coil to a secondary coil 

without a direct electrical connection. Inductive chargers, such as those found commonly in 

electric toothbrushes, operate on this same principle. However, for these systems to operate 

efficiently, the primary coil (source) and secondary coil (device) must be located in close 

proximity and carefully positioned with respect to one another. From a technical point of view, 

this means the magnetic coupling between the source and device coils must be large for proper 

operation.   

But what about going over somewhat larger distances or having more freedom in 

positioning the source and device relative to each other? That’s the question that a group at the 

Massachusetts Institute of Technology asked themselves. They explored many techniques for 

transmitting power over “mid-range” distances and arrived at a non-radiative approach that 

uses resonance to enhance the efficiency of the energy transfer (see Physics of Highly Resonant 

Power Transfer for details). High quality factor resonators enable efficient energy transfer at 

lower coupling rates, i.e., at greater distances and/or with more positional freedom than is 

otherwise possible (and therefore, this approach is sometimes referred to as “highly resonant” 

wireless energy transfer or “highly resonant” wireless power transfer (HR-WiTricity)). The 

MIT team demonstrated the highly resonant technique using a magnetic field to transfer energy 

over a mid-range distance of 2 meters, and an industry was born.  In some instances, this 

technology is also referred to as “magnetic resonance”, and it is often contrasted to “induction” 

for its ability to efficiently transfer power over a range of distances and with positional and 
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orientational offsets. Since that initial demonstration, the use of HR-WiTricity, or magnetic 

resonance, has enabled efficient wireless energy transfer in a wide range of applications that 

was not possible before. 
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Chapter 3 How to WiTricity 

 

3.1 Wireless energy transmission technology 

In general, effective wireless energy transmission concepts need to comply with a range of 

fundamental constraints: 

• possibility to transfer the energy though an atmosphere; transparency of the atmosphere 

to the used wavelength; 

• possibility for directional emission; 

• possibility to convert the energy from the form of its source (solar, electric, heat) to a 

transmittable form (e.g. microwave, laser, acoustic); 

• Possibility to convert the transmittable energy form back into a useful form of energy 

(e.g. electricity, hydrogen). 

It is useful to compare its performances and parameters with microwave energy 

transmission with LASER energy transmission, the most widely studied wireless energy 

transmission technology. In principle, laser energy transmission systems are very similar to 

energy transmission via microwave technology: the power source (solar, electricity) is 

converted into an emitter or an emitter array that generates the directional electromagnetic 

radiation, which is subsequently absorbed in a receiver, which transforms the energy back into 

a more useful, transportable form, e.g. electricity, heat, hydrogen. 

The key difference, the wavelengths used, implies the major other differences between the 

laser and microwave-based concepts: While most wireless power transmission rely on 

microwave frequencies of either 2.45 or 5.8 GHz (0.12-0.05 m; both in the industrial, scientific 

and medical (ISM) frequency band), laser energy transmission takes advantage of the 

atmospheric transparency window in the visible or near infrared frequency spectrum. (Fig. 1) 
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Figure 3: Transmission and absorption in Earth atmosphere. (Source: NASA) 

The five orders of magnitude frequency difference determine the sizing of the emitters 

and receiving devices as well as the energy density of the transmission beam according to 

standard optics principles. Similar to the higher data rate achievable with optical data links 

(Fig. 2), laser energy transmission allows much higher energy densities, a narrower focus of 

the beam and smaller emission and receiver diameters. 

 

 

Figure 4: Classification of satellite communication systems by beam divergence and data 

rate. 
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3.2 Wireless power transmission experiments 

The principles of wireless power transmission as considered for SPS and other 

applications has already been demonstrated for both technologies: RF and laser systems. 

 3.2.1 Microwave-based experiments 

Microwave-based experiments have demonstrated so far the possibility to supply power 

to e.g. helicopters, balloon-based platforms, experimental airplanes, experimental cars, rovers 

and cell phones. The first experiment was conducted by W. Brown in 1964, when also the 

first “rectenna” and invented and used. 

The longest distances between emitting and receiving points achieved so far is in the 

order to hundred kilometers. The largest amount of energy transmitted so far was during an 

experiment by the US Jet Propulsion Laboratory in 1975, when 30 kW were transmitted from 

a 26 m diameter parabolic dish to a 1.54 km distant rectenna with 85% efficiency. 

The first energy transmission in space between two objects was achieved by N. Kaya 

et al. in 1983. The first airplane powered by a ground based microwave emitter was launched 

in Canada in 1987 with the aim to test a wireless power transmission technology to be used 

for powering high altitude, quasistationary platforms. Similar experiments were performed in 

Japan in 1993 and 1995, powering from the ground a small airplane and a balloon 

respectively. The electronic beam steering by phase control of a microwave beam from space 

to Earth using a pilot signal has been demonstrated in a sounding rocket experiment in 2006 

by Kaya et al. 

In a completely different power range and for completely different applications, also 

the power supply to RFID chips are to be considered an application of wireless power 

transmission by microwaves. Furthermore, these generally use the same ISM frequency band. 

3.2.2 Laser-based experiments 

While over the years, several laser-based wireless power transmission experiments and 

applications have been suggested and described, only relatively few actual experiments have 

been carried out compared to the number and diversity of microwave-based experiments 

described in the previous section. 
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Classified experiments involving laser power transmission technology demonstration 

have been reported to have taken place in the 1980s during the US Strategic Defence 

Initiative. These seem to have been conducted building on a heritage from the Apollo 

programme that used ground-based lasers with reflectors on the Moon to measure the Earth-

Moon distance. Once of the observatories involved has been the Air Force Maui Optical 

Station (AMOS) located on top of mount Haleaki in Hawaii, US. The SDI concepts would 

use ground based eximer lasers with adaptive optics and a roughly 5 m mirror in GEO and 

another mirror in a polar orbit at roughly 1000 km altitude. 

In 2002 and 2003, Steinsiek and Schafer demon-¨ started ground to ground wireless 

power transmission via laser to a small, otherwise fully independent rover vehicle equipped 

with photovoltaic cells as a first step towards the use of this technology for powering airships 

and further in the future lunar surface rovers. The experiment was based on a green, 

frequency-doubled Nd:YAG laser at only a few Watts. It included the initiation and supply of 

the rover including a micro-camera as payload as well as the pointing and tracking of the 

moving rover over a distance up to 280 m by applying active control loops. (Fig. 3) 

Recently, similar experiments, however focusing less on the beam control and beam 

steering aspects but rather on the total transmitted power levels have been carried out in the 

frame of a context related to space elevators, organized and co-funded by NASA. Ground-

based lasers have been used to power small PV-covered “climbers” attached to a tether with 

the objective to achieve maximum climbing speeds. 

One of the advantages of microwave power transmission over the use of laser has been 

the possibility to avoid moving parts in space by using an electronic beam steering system 

based on the control of the phase of a matrix of emitters. Recently, Schafer¨ and Kaya have 

however demonstrated that a similar system is in principle also possible for laser based 

systems by presenting a new concept for a retro directive tracking system. 

In the proposed concept, the power transmitter utilizes a receiver’s pilot signal to obtain 

information about its direction by conjugating the signal’s phase inside a nonlinear medium. 

The emitted power therefore transmitted back to the direction of the receiver by the phase-

conjugated signal beam. In this way, power can be concentrated by an array of phase 

conjugators, which offer the possibility to provide a large aperture in order to increase the 

intensity at the receiver’s photovoltaic panels. The control of the phase and the direction of 
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the readout beams provides control over the interference pattern, its position, and its size, 

offering new possibilities for the design of space based power stations. 

 

Figure 5: EADS developed, fully laser powered autonomous rover. (source: EADS) 

3.3 Laser power transmission 

Lasers generate phase-coherent electromagnetic radiation at optical and infrared 

frequencies from external energy sources by preferentially pumping excited states of a 

“lasant” to create an inversion in the normal distribution of energy states. Photons of specific 

frequency emitted by stimulated emission enter and are amplified as standing waves in a 

resonant optical cavity. The most efficient DC-to-laser converters are solid-state laser diodes 

commercially employed in fiber optic and free-space laser communication. Alternatively, 

direct solar-pumping laser generation has a major advantage over conventional solid state or 

gas lasers, which rely on the use of electrical energy to generate laser oscillation since the 

generation of electricity in space implies automatically a system level efficiency loss of 

roughly 60%. To generate a laser beam by direct solar pumping, solar energy needs to be 

concentrated before being injected into the laser medium. The required concentration ratio is 
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dependent on the size of the laser medium, the energy absorption ratio and the thermal shock 

parameter (weakness of the material to internal stress caused by a thermal gradient). 

 3.3.1 Laser selection 

In principle, all lasers can be used for transmitting power. Using the general conditions 

as described in section 3 specifically applied for the selection of lasers, these imply in addition 

constraints related to the 

• Efficiency of the laser generation process, and the Efficiency of the absorption and 

laser-to-electric conversion processes. 

Specifically for direct solar pumped lasers, there are several types of materials suitable 

as laser medium: From the standpoint of resistance to thermal stress, sapphire seems the 

optimal material for the laser medium. Since large sapphire crystals are very difficult to 

produce, most concepts rely on YAG (yttrium aluminum garnet) laser crystals. Concerning 

the required energy densities, solar energy compression ratios of a few hundred times are 

required for YAG lasers. 

Applications in space or from space to Earth add additional constraints regarding: 

 Laser generation system mass. 

 Laser generation temperature requirements (preference for very high temperature 

operations in order to allow for a low radiative heat rejection system mass and small 

size). 

 Absence of “consumables” and other potential waste products. 

 High laser beam quality to avoid the use of lenses and achieve small receiving 

surfaces. 

 Control of the phase (arrays of matrices of different laser, possibly used in order to 

form virtual, large apertures). 
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Figure 6: Spectral output of several types of lasers. 

 

Scholars on terrestrial solar pumped lasers generally differentiate between two types of 

“solar pumped lasers”: direct and indirect solar pumped versions. In this classification, the 

“solar pumped” description relates to the sun as origin of the power source, with indirect solar 

pumped lasers first converting it via e.g. PV panels into electricity which is then used for 

population inversion inside the gain medium. Direct solar pumped lasers use the solar 

irradiation directly as energy source injected into the laser gain medium. 

Under this classification, practically all space based lasers would fall under the category 

of “solar pumped lasers”. Therefore, literature related to space applications usually makes the 

distinction between standard lasers (in the terrestrial laser power community called indirect 

solar pumped lasers) and solar pumped lasers (called direct solar pumped lasers in the 

standard literature on lasers). 

a. Standard indirectly pumped lasers 

An analysis of the suitability of different laser types has shown that for the visible 

frequency range, solid state lasers are in general considered as the most suitable candidates 

for (space) solar power applications, including diode lasers and diode-pumped thin disk lasers. 

Especially the later ones have achieved very high power levels of up to kW and overcoming 

some of the limitations of high power diode lasers, like thermal lensing by reducing the 

thermal gradients in the material. 

In general, these lasers rely e.g. on a laser diode or on materials like Nd:YAG. 

Currently, the laser diode is the most efficient laser, with an up to 80% plug-in efficiency and 
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