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Abstract: Electricity is an integral part of every human being and power transmission by wires is a necessity
to fulfill the need of electricity. ‘What if we can come out of this tangled wire-theory? - With this view, Nikola
Tesla introduced the concept of wireless power transfer in early 20th century. Wireless Power Transfer (WPT)
is not only reliable and efficient but it is also eco-friendly and cost effective. A lot of concepts for WPT are
already discussed by researchers, scientists and inventors. In addition to the available works and principles,
this paper explains the basic concept, design and implementation of wireless electricity with magnetic induction
technique and determining its practical result carried out with the same.
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1. INTRODUCTION

Electricity has become an integral part of our life these days. It is the most important source of
energy. We use electricity as a powerful source of energy in houses, factories, offices, schools etc.

But generally, whenever we think about electricity, we think about wires which carry electric current.
Electricity system with wires is shown in Fig 1.

Figl. Electricity System with wires

No one has ever thought about if there is any way incurring electricity without wires until, the term
Witricity came in to the light. Wires are basically the carrier medium through which the physical
connection has been made up between source and receiver and the flow of electricity takes place. But
in most of cases some amount of power is wasted and the overall performance of the system is
degraded. The problem is so emerging that it doesn’t only tainted the performance but it is expensive,
inefficient and unreliable. Also it has more chances of getting a shock due to structural issues.
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It was Nicola Tesla whose dream has finally been became reality after his experiment with the copper
coil. Tesla was an American electrical engineer and scientist who introduced the primary idea about
Witricity. The motive behind the proposal is the massive distribution of free electricity. He proposed a
method of wireless power transmission without using any physical medium now known as Witricity.
During early 20th century he started experimenting with Radio Frequency Resonant Transformers
which generates Alternate Current [1]. In the beginning, he was able to transmit the power for short
distances and came to a conclusion that he can increase the distance by using inductive and capacitive
coupling. But it was failed due to its ‘near —field effect’ and the diffusion of the wireless power.
However, Tesla was passionate about developing a wireless mass power distribution system that
could transmit power into factories and houses directly [2]. So, he began building up of a grand high-
voltage coil facility, the Wardenclyffe Tower at Shoreham, New York and proposed it as an archetype
transmitter for a ‘World Wireless System’ that can transmit power worldwide, but by 1904 he ran out
of the research funds and the facility was never completed and at that time a practical and cost
efficient method of wireless power distribution could not be developed [3]. A snapshot of Nikola
Tesla, his experiment and Wardenclyffe tower is shown in Fig 2.

Fig2. Nikola Tesla, his experiment & Wardenclyffe Tower

However, whatever seemed Tesla’s fascinating dream that time, rejuvenated by a researcher team
from Massachusetts Institute of Technology (MIT) headed by Mr. Marin Soljacic [4]. They have
proposed the term ‘Witricity’ for the first time by using Tesla’s concept into practice and powered a
60W light-bulb wirelessly at a distance of 7 feet with an overall efficiency of 40%. Later on this
method has become popular and well known to everyone in this field.

1.1. Witricity: The Basic ldea

Then term Witricity was coined by the MIT Researcher team, was working on a project for
transmitting power wirelessly [5]. The term Witricity is defined as the capability to supply electrical
energy to distant appliances without wires using oscillating magnetic fields.

The research begins with the idea of charging mobile phone wirelessly. It was Prof. Soljacic who
always stuck up with the mobile battery dead. And there is always a need to charge with wires and not
only that but there are a lot more technical gadgets to charge again and again. So, he wants to develop
a facility which can took care of the charging battery at its own. And that is how the idea has been
generated [6].

Fig3. Charging with wires
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According to the basic concept, two objects having same magnetic resonance system and of same
resonating frequency have been coupled to exchange energy and squandering comparatively less
energy to the unconnected off-resonant objects.

1.2. Why it is Required?

Nicola Tesla had a dream to provide free electricity to masses without having trouble of any bills or
surcharges. This was the basic need then. But now, in the world of globalization, the needs of
individuals and commercial entities have been increased. And with the rapid development in
electronic science blows a revolution in the society. Now, everyone needs to run their electronic
devices with the help of energy [7]. So we are using chemical energy sources i.e. battery, which is
cost ineffectual and time taking process. With the help of wireless power, one energy source can pass
energy to many receivers simultaneously with an efficient manner.

2. BAsSIC TECHNIQUES AND IDEAS FOR WITRICITY

According to the literature review and previous work available, here are some basic techniques
applied to Witricity [8].

2.1.Electromagnetic Radiation

In this method, the radiative energy has been released by some electromagnetic processes and the
transmitted power is dissolute in all directions. So the amount of power needed cannot be received by
the receiver [9]. It can be used to transmit information in long distance range.

2.2. Optical Technique

In this method, the energy is transmitted in the form of light for wireless power transmission and uses
lasers. It has the directional electromagnetic waves and the energy can be transmitted to large areas
[10]. This method is successful only for a static receiver. The way from transmitter to receiver should
be clear for standard function.

2.3. Microwaves

This technique is radiative in nature. The energy can be transmitted using microwave frequencies in
wireless power transmission [11]. The distance range for this method is high but it is not at all eco-
friendly or safe to human beings because the microwave frequencies on a higher power levels can
harm people.

2.4. Electrodynamics Induction

Electrodynamics induction method is completely eco-friendly, non-radiative and safe method of
wireless power transmission. In this method, two same frequency resonance objects exchange energy.
There is possibility of higher range because it has much freedom of placement of transmitter and the
receiver. The researcher team from MIT used the same method to coin the term Witricity in 2007
[12].

2.5. Magnetic Induction

Fig4. Magnetic Induction [14]
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This technique is cost effective and reliable method of wireless power transmission which is non
radiative in nature. It follows the law of mutual induction [13-16]. In this method, a coil carrying
current is generating a magnetic field. A second conducting coil, when brought close to the first, it
captures some portion of that oscillating magnetic field, which in return, induces an electric current in
the second coil. The current generated in the second inductive coil can be used to supply energy to
different devices [17-20].

This paper is an addition to wireless power transmission using this magnetic induction technique.
3. EXPERIMENTAL DESIGN AND IMPLEMENTATION TECHNIQUE

Magnetic induction is a cost effective, trustworthy, proficient, protected, and eco-friendly method for
wireless power transmission.

As this method is non-radiative in nature, the electrical energy can be transmitted from one place to
another without using wires.

The basic concept behind electromagnetic approach of WPT is magnetic induction between two coil
say transmitting and receiving coil. When transmitter coil is energized then it generates energy and
when receiver coil receives this energy, a potential difference is developed across its terminals. The
potential difference developed in receivers is directly related to distance between transmitter and
receiver coil. The basic principle of an inductively coupled power transfer system is shown in Figure
1. It consists of a transmitter coil L1 and a receiver coil L2. Both coils form a system of magnetically
coupled inductors. An alternating current in the transmitter coil generates a magnetic field which
induces a voltage in the receiver coil. This voltage can be used to power a mobile device or charge a
battery.

D}

Fig5. Typical arrangement of an inductively coupled power transfer system [15]

The block diagram using magnetic induction is shown in Fig. 6

BATTERY LC POWER '
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Fig6. Block Diagram of WPT using Magnetic Induction

Recifier
circuit

This system contains two sections, the transmitter section and the receiver section. Where the
transmitter coil converts the DC power to high frequency AC signal and receiver coil receives the
power and converts it into DC signal.
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Fig7. Transmitter section
Description of Transmitter section- it contains following parts-

DC power Source has a step down transformer that step downs the supply voltage to a desired level,
and a rectifier circuit convert that AC voltage to DC signal. A modified Oscillator circuit is used in
this design. With this circuit one can easily achieve a high oscillating current for the transmitter coil.
Two N channel enhancement power MOSFET are used. It also has a transmitter coil L (inductor) and
the resistors R1, R2, R3 and R4 (works as a biasing network for Q1 & Q2).

The operating frequency of the oscillator is determined by the resonance formula given below,
F="%xmx\(LC)
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Fig8. Receiver section

Description of receiver section- It consists of a receiver coil, rectifier circuit and a voltage regulator
IC. The rectifier circuit in the receiver section converts this AC voltage in to DC. Voltage control IC
helps to provide a constant limited regulated output voltage to the load for charging. Here the voltage
regulator IC is of LM 7805. The IC gives a regulated 5V as its output.

The impedance matching of transmission coil is made by 250 turns of 23 no. wire at 6 inch diameter
former. The resultant inductance gives maximum output with the output of transformer. The other coil
at receiver end is also with the same specifications as of transmitting coil.

4. RESULTS AND DISCUSSIONS

Here we clearly found that this coil will get ac voltage of around 2.5 to 6 volts depends upon the
distance between two coils. The output of secondary coil is further rectified and connected to the
rechargeable battery of 4.5-6 Volts. Any DC load can be directly connected to this. One may use any
6 volts 20Watt output inverter with this to show power LOAD at output. We can use a CFL or tube
light for this.
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Fig9. Mobile charging with WPT by magnetic induction technique [16]
4.1. Advantages of the Design
High transmission integrity and low loss
Low maintenance cost
Environment friendly
Need for battery is eliminated
Unaffected by weather, time and season
Effective use for devices that consume mid range power

Every coin has two sides and every discovery has pros and cons. The major disadvantage of this
method is a biological impact on wireless power transmission. One common criticism of the Tesla
wireless power system is regarding its possible biological effects. While calculating the circulating
reactive power, it was found that the frequency is very small and such a frequency is very biologically
compatible.

5. CONCLUSION

The transmission of power without wires is not a theory, it is now a reality. The electrical power can
be economically transmitted without wires. Many researchers have worked and established in
numerous observations, experiments and measurements, qualitative and gquantitative. Nikola Tesla is
the father of this invention. Wireless transmission of electricity have tremendous merits like high
transmission integrity and Low Loss (90 — 97 % efficient) and can be transmitted to anywhere in the
globe and eliminate the need for an inefficient, costly, and capital intensive grid of cables, towers, and
substations. The system would reduce the cost of electrical energy used by the consumer and get rid
of the landscape of wires, cables, and transmission towers. It has negligible demerits like reactive
power which was found insignificant and biologically compatible. It has a tremendous economic
impact to human society. Many countries will benefit from this service.

Fig10. Witricity in future
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In future, a significant research can be carried out in the area of wireless power. Reduced size wireless
power transmission systems with better efficiency over large distances can be developed. Efficient
wireless power transmission systems can be designed in future to transmit tens and thousands of KW
power over hundreds of miles with maximum efficiency and performance.

ACKNOWLEDGEMENTS

I express my thanks to the management of MVVN University and vice chancellor Dr. S. K. Luthra for
giving me opportunity to work on this project. | express my sincere gratitude to my concerned teacher
and guide Dr. Rajeev Ratan Arora, Assistant Professor & Head, Department of Electronics &
communication Engineering, for his valuable and inspiring guidance towards the research paper titled
‘WITRICITY: Designed to change the world’. Also | would like to thank my family, friends and the
almighty God, without whom | would have not completed this paper successfully.

REFERENCES
[1] Nikola Tesla, David Hatcher Childress, The Fantastic Inventions of Nikola Tesla, Adventures
Unlimited Press, 1993, illustrated, reprint, ISBN 0932813194, 9780932813190.

[2] Nikola Tesla, The Transmission of Electrical Energy without Wires as a Means for Furthering
Peace, http://www.teslauniverse.com/nikola-tesla-article-the-transmission-of-electrical-energy-
without-wires-as-a-means-for-furthering-peace , January 7, 1905.

[3] Connie Jenkins, Nikola Tesla 192 Success Facts - Everything you need to know about Nikola
Tesla, Emereo Publishing, 2014, ISBN 1488580456, 9781488580451

[4] James J. Jong Hyuk Park, Yi Pan, Cheon-Shik Kim, Yun Yang, Future Information Technology,
Springer Science & Business, 2014, ISBN 364255038X, 9783642550386.

[5] http://en.wikipedia.org/wiki/WiTricity
[6] Franklin  Hadley, Institute for Soldier Nanotechnologies, Good Bye Wires,
http://newsoffice.mit.edu/2007/wireless-0607 , June 7, 2007.

[7] http://www.wirelesspowerconsortium.com/technology/why-not-a-wire-the-case-for-wireless-
power.html

[8] Stephen F. Bush, Smart Grid: Communication-Enabled Intelligence for the Electric Power Grid,
John Wiley & Sons, 2014, illustrated, ISBN 1119975808, 9781119975809.

[9] Kevin Roebuck, Wireless Power: High-impact Emerging Technology, Emereo Publishing, 2012,
ISBN 1743045433, 9781743045435

[10] http://witricity.com/technology/witricity-the-basics/

[11] Zhijing Liu, Control Engineering and Information Systems, CRC Press, 2015, ISBN
1138026859, 9781138026858

[12] Mary Firestone, Wireless Technology, Lerner Classroom, 2008, ISBN 1580138144,
9781580138147

[13] Johnson I. Agbinya, Wireless Power Transfer, River Publishers, 2012, ISBN 8792329233,
9788792329233

[14] http://www.siriperera.com/?m=201303 , March 26, 2013.

[15] http://www.wirelesspowerconsortium.com/technology/basic-principle-of-inductive-power-
transmission.html

[16] https://www.youtube.com/watch?v=BoTaYEK2088

[17] Rajen Biswa, Feasibility of wireless power transmission, http://www.academia.edu/
1561057/Feasibility_of Wireless_Power_Transmission , may 2012.

[18] http://www.neowin.net/forum/topic/1191745-witricity-wireless-electric-power-breaking-out/

[19] Mark S. Humayun, James D. Weiland, Gerald Chader, Elias Greenbaum, Artificial Sight: Basic
Research, Biomedical Engineering, and Clinical Advances, Springer Science & Business Media,
2007, ISBN 038749331X, 9780387493312

[20] Jason Mick, Tesla-Inspired Metamaterial Converts 900 MHz Microwaves to Power,
http://www.dailytech.com/Teslalnspired+Metamaterial+Converts+900+MHz+Microwaves+to+P
ower/article33724.htm , November 12, 2013.

International Journal of Innovative Research in Electronics and Communications (IJIREC) Page 7


http://www.teslauniverse.com/nikola-tesla-article-the-transmission-of-electrical-energy-without-wires-as-a-means-for-furthering-peace
http://www.teslauniverse.com/nikola-tesla-article-the-transmission-of-electrical-energy-without-wires-as-a-means-for-furthering-peace
http://en.wikipedia.org/wiki/WiTricity
http://newsoffice.mit.edu/2007/wireless-0607
http://www.wirelesspowerconsortium.com/technology/why-not-a-wire-the-case-for-wireless-power.html
http://www.wirelesspowerconsortium.com/technology/why-not-a-wire-the-case-for-wireless-power.html
http://witricity.com/technology/witricity-the-basics/
http://www.siriperera.com/?m=201303
http://www.wirelesspowerconsortium.com/technology/basic-principle-of-inductive-power-transmission.html
http://www.wirelesspowerconsortium.com/technology/basic-principle-of-inductive-power-transmission.html
https://www.youtube.com/watch?v=BoTaYEK2o88
http://www.academia.edu/%201561057/Feasibility_of_Wireless_Power_Transmission
http://www.academia.edu/%201561057/Feasibility_of_Wireless_Power_Transmission
http://www.academia.edu/%201561057/Feasibility_of_Wireless_Power_Transmission
http://www.neowin.net/forum/topic/1191745-witricity-wireless-electric-power-breaking-out/
http://www.dailytech.com/TeslaInspired+Metamaterial+Converts+900+MHz+Microwaves+to+Power/article33724.htm
http://www.dailytech.com/TeslaInspired+Metamaterial+Converts+900+MHz+Microwaves+to+Power/article33724.htm

Amresh Kumar et al.

AUTHORS’ BIOGRAPHY

Mr. Amresh Kumar earned his bachelor’s degree in electronics and
communication from Punjab, India and is currently pursuing Masters in ECE from
Haryana, India. His area of interest for research is wireless networks and
communication & microwaves.

Dr. S. Luthra is Vice Chancellor at MVVN University, Palwal, Haryana. He was
Pricipal Scientist at CSSRI Karnal. He is Ph.D. from NIT Kurukshetra. He has
published many papers in various international journals, national journal &
conferences.

Dr. Rajeev Ratan is Ph. D. in Electronics & Communication Engineering from
Thapar University, Patiala, Punjab, India. He holds a M. Tech. Degree in
Instrumentation & Control Engineering. He has published more than 30 papers in
various international journals, national journal & conferences. Also, he has
authored a book named “Digital Electronics”.

International Journal of Innovative Research in Electronics and Communications (IJIREC) Page 8



