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APRESENTAÇÃO

A engenharia elétrica tornou-se uma profissão há cerca de 130 anos, com o início 
da distribuição de eletricidade em caráter comercial e com a difusão acelerada do 
telégrafo em escala global no final do século XIX. 

Na primeira metade do século XX a difusão da telefonia e da radiodifusão 
além do crescimento vigoroso dos sistemas elétricos de produção, transmissão e 
distribuição de eletricidade, deu os contornos definitivos para a carreira de engenheiro 
eletricista que na segunda metade do século, com a difusão dos semicondutores e da 
computação gerou variações de ênfase de formação como engenheiros eletrônicos, 
de telecomunicações, de controle e automação ou de computação. 

Produzir conhecimento em engenharia elétrica é portando pesquisar em uma 
gama enorme de áreas, subáreas e abordagens de uma engenharia que é onipresente 
em praticamente todos os campos da ciência e tecnologia. 

Neste livro temos uma diversidade de temas, níveis de profundidade e abordagens 
de pesquisa, envolvendo aspectos técnicos e científicos. Aos autores e editores, 
agradecemos pela confiança e espírito de parceria.

João Dallamuta
Henrique Ajuz Holzmann
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CAPÍTULO 19

WIRELESS CHARGER MANUFACTURING USING 
INDUCTIVE METHOD
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ABSTRACT: Wireless devices are not new; data 
become wireless long time ago. Because life of 
mobile phone device is always been a problem 
for the manufactures and people complain 
about it. Therefore scientists are rapidly trying 
to fulfill the demand of the people to charge safe 
and wirelessly. On demand of mobile users due 
to less charging time of android/cell phones, 
there is at most desire of wireless gadget for 
charging. In the design of a circuit a transmitter 
and a receiver circuit is used. The transmitter 
circuit has AC to DC rectifier circuit and then it 
is modulated to pulse width modulator circuit. 
Primary and secondary coils are connected 
by mutual induction and an emf is induced in 
a secondary coil. AC to DC bridge rectifier is 
used to transmit voltages to the mobile phone. 
Microcontroller with timer circuit is used to 
avoid over charging. It works on Faraday’s 
law of electromagnetic induction for significant 
reasons.

INTRODUCTION

Mobile communication has become a 
great need of today. We have to communicate 
to other people via mobile phones, tabs, PADs, 
and laptop computers. And we can take these 
devices with us to any place any time. But these 
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small machines also consume power and have to be recharged again and again. So 
we have to put the charger in the socket and have to attach our mobile phone to the 
charger for recharging it and a lot of time is wasted in this procedure. 

Moreover the wires and cables used to transmit electrical power could be damaged 
which is also a serious issue. From this discussion we can see that we are facing a 
lot of problems through the use of wires and cables, and a lot of time is wasted is this 
whole procedure.

By the use of wireless systems of power transmission we can have following 
benefits which are simply amazing and can save

•	 People from many hazards.

•	 Battery of our portable devices.

•	 A lot of time.

•	 Our devices from damages of overcharging.

Moreover we can

•	 Use our devices with comfort.

•	 Take our device to the place where electricity is not available.

From the above discussion we can see that there are a lot of benefits of wireless 
system and we can say that in reality wireless system is a smart system. Let us have a 
brief look upon the methods of transferring power wirelessly. Now we will see that from 
how many ways we can transfer power wirelessly. So some of the ways of transferring 
power wirelessly are as follow:

1. Radio charging.

2. Resonance charging.

3. Inductive charging.

1.1	Radio charging

Radio charging is the process of transferring power wirelessly in which radio 
waves are used to
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Figure 1: Transmitting coils

transfer  power. Radio charging is a method used for transferring power and 
charging the devices which are small for example the battery of laptop computer 
requires enough power that radio charger cannot deliver. The range also limits the 
effectiveness of radio charging which works on the same principle as an AM/FM radio 
does. The reception will be better if receiver is closer to the transmitter. In this case of 
wireless radio charging better reception is translates to a stronger charge for the item.

1.2 Resonance charging

The devices such as robots, cars, laptop computers and vacuum cleaners etc., 
which requires large amount of power, can be charged wirelessly through resonance 
charging method. In this process of charging a copper coil is attached to the power 
source which is the sending unit and a other coil is attached to the device which have 
to be charge or recharge. The frequency for the coil must be same which makes it 
possible.

• A new method is developed in order to charge mobile phones by using micro 
waves.

1.3 Inductive Charging

Inductive charging is the process which is based upon Faraday’s Law of 
electromagnetic induction and the process of mutual induction is used to transfer power 
from one place to another by wireless method. Now let us have a look that how energy 
is transferred from one place to another without any physical connection between two 
devices. What is the mechanism actually happening in this whole process?

Same question arises in the mind of Necolus Tesla and he started the research on 
this that could we transfer energy and after Wireless Power Technology is emerging as 
a practical solution for providing energy for devices at remote distances.

 This paper will focus on the technology of inductively coupled wireless power 
transfer. This provides a safe, effi cient, and convenient method of transferring power 
to remote static devices, or recharging portable devices. This revolves around the 
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principle of Resonant Magnetic Coupling. Which can be applied to acquire maximum 
transfer of power contactless, thereby facilitating the individual to charge his electronic 
equipment efficiently.

WPT technology can provide charging systems with low maintenance costs, high 
reliability, and the ability to operate even in extreme environments. However, a wireless 
battery charging system requires more power stages than a wired battery charging 
system. The wireless battery charging system needs a WPT system that consists of 
a power transmitter and a power receiver. An exclusive controller is also required to 
regulate the output of WPT system since the power transferred to the receiver of WPT 
system is not regulated whenever the load changes. The inverter or converter in power 
electronics is usually controlled by three methods; pulse width modulation (PWM), 
frequency modulation (FM), and amplitude modulation. The AM method requires an 
additional stage for the DC-DC converter in order to control the amplitude of the input 
voltage. On the other hand, both PWM and FM need no additional stage since the 
inverter or converter uses power semiconductor switches for the power conversion.

 For this reason, when PWM or FM is applied to the power transmitter of a WPT 
system, the power transferred to the receiver can be easily regulated. Nevertheless, 
high current stress and large power loss are generated since the voltage and current 
in the power transmitter are not in phase. Due to times, problem regulation circuits 
such as synchronous rectifiers or impedance tuners are necessary in the receiver 
of a WPT system. Furthermore, battery-charging circuits such as low-dropout (LDO) 
regulators or synchronous buck converters are required for the battery charging. Figure 
1 shows a conventional wireless battery charging system.  As mentioned above, the 
conventional system consists of the following five key power stages; AC-DC converter, 
power transmitter of WPT system, power receiver of WPT system, regulation circuit, 
and battery-charging circuit. 

For the wireless battery charging system, the power receiver, regulation circuit, 
and battery charging circuit must be embedded inside portable electronic devices or 
electric vehicles, but there is usually not enough space for these power stages. In 
addition to this problem, the regulation and battery-charging circuits generate huge 
heat and raise the problem of thermal stress on the electronic devices while being 
charged. A direct wireless battery charging system is proposed. The regulation and 
battery charging proposed system is only made of AC-DC converter, power transmitter, 
and power receive. The type of the applied WPT system is a series-series compensated 
wireless power transfer (SS-WPT) system, and it is connected directly to the battery. 
Generally, the output of SS-WPT system has inherent characteristic as a current source. 
Hence, without the help of dedicated regulation and battery charging circuits, the battery 
can be charged directly from the WPT system by adjusting the output voltage of the 
existing AC-DC converter in front of the WPT system according to the constant-current 
constant-voltage (CC-CV) charging profile or a multi-step current charging profile. 

The paper is organized the inherent current-source characteristics of the SS-WPT 
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system are described. The implementation of the CC-CV charging or MCC charging 
profi le in the proposed wireless battery charging system is explained. Experimental 
verifi cation is presented in Section 4, and fi nally, Section 5 draws the conclusions.

Figure 2: System Block Diagram

Wireless power transmission (WPT) is an effi cient way for the transmission of 
electric power from one point to another through vacuum or atmosphere without the 
use of wire or any physical material. By using WPT, power can be transmitted using 
inductive coupling for short range, resonant induction for mid-range and Electromagnetic 
Wave power transfer. By using this technology, it is possible to supply power to places, 
which is hard to do using conventional wires. Currently, the use of inductive coupling 
is in development and research phases. The most common wireless power transfer 
technologies are the electromagnetic induction and the microwave power transfer. 
For effi cient midrange power transfer, the wireless power transfer system must satisfy 
three conditions: (a) high effi ciency, (b) large air gap, (c) high power. The microwave 
power transfer has a low effi ciency. For near fi eld power transfer this method may be 
ineffi cient, since it involves radiation of electromagnetic waves. Wireless power transfer 
can be done via electric fi eld coupling, but electric fi eld coupling provides an inductively 
loaded electrical dipole that is an open capacitor or dielectric disk. External objects may 
provide a relatively strong infl uence on electric fi eld coupling. Magnetic fi eld coupling 
may be preferred, since external objects in a magnetic fi eld have the same magnetic 
properties as empty space. Electromagnetic induction method has short range. Since 
magnetic fi eld coupling is a nonradioactive power transfer method, it has higher 
effi ciency. However, power transfer range can be increased by applying magnetic 
coupling with resonance phenomenon applied on. A magnetic fi eld is generated when 
electric charge moves through space or within an electrical conductor.

 Solar energy is energy obtained from the Sun. Hence solar panels are used here 
to generate power and stored it in batteries. The stored energy is then used to charge 
mobile phone wirelessly as well as to supply energy for other home appliances. In order 
to avoid unnecessary use of energy, effective energy saving technique is used by using 
ARM7 LPC2148 microcontroller. To improve the easiness and effi ciency of electrical 
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appliances have been the main motivation throughout this paper.  Since the power 
transmitter needs to be continuously informed about battery power needs and state of 
charge, a communication link is required. The communications channel is implemented 
through an amplitude modulation of the power drawn from the transmitter. 

In the power transmitter section, an AC-DC stage converts the AC voltage 
provided by the electrical grid into a DC bus level. A DC-AC converter, supplied by 
the DC bus level, generates the AC power signal. In the power receiver section, a 
rectifi er converts the AC power signal out of the resonant tank into a DC voltage level, 
suitable for battery charging. The DC bus rail out of the rectifi er has been chosen 
equal to a 7V value. Information towards the power transmitter is generated through a 
power modulation of the coupling circuit resonant curve. The load modulation follows a 
differential bi-phase encoding scheme, as described in Qi-standard specifi cations. The 
amount of transmitted power is controlled by varying Figure 1 – General architecture 
of a wireless battery charger the frequency and duty-cycle of the half-bridge stage. A 
frequency range of 110k 205 kHz and a duty-cycle range of 10% 50% are fi xed by the 
PC standard. Since for low power levels the total power dissipation is mainly affected 
by switching losses, the half-bridge confi guration is more suitable than a full-bridge 
one. Conduction losses could be reasonably neglected for the specifi c application.

Figure 3: Transmission of Voltages

The modulation network consists of two parts: one is connected to the AC-side of 
the rectifi er; the other is connected to the DC-side. The load device is modeled through 
a current generator. The system has been simulated in SPICE environment to evaluate 
system performances in terms of power conversion effi ciency. Several simulation 
sessions have been carried out under different operating conditions. 

Faraday’s Law of Mutual Induction:- 
Faraday’s law of induction (briefl y, Faraday’s law) is a basic law of electromagnetism.  



A Aplicação do Conhecimento Científi co na Engenharia Elétrica Capítulo 19 224

It is the fundamental operating principle of transformers, inductors, and many types of 
electrical motors, generators and solenoids. The Maxwell–Faraday equation (listed as 
one of Maxwell’s equations) describes the fact that a spatially varying (and also possibly 
time varying, depending on how a magnetic fi eld varies in time) electric fi eld always 
accompanies a time-varying magnetic fi eld, while Faraday’s law states that there is 
EMF (electromotive force, defi ned as electromagnetic work done on a unit charge

Figure 4: Mutual induction

when it has traveled one round of a conductive loop) on the conductive loop 
when the magnetic fl ux through the surface enclosed by the loop varies in time. 
Historically, Faraday’s law had been discovered and one aspect of it (transformer EMF) 
was formulated as the Maxwell–Faraday equation later. Interestingly, the equation of 
Faraday’s law can be derived by the Maxwell–Faraday equation (describing transformer 
EMF) and the Lorentz force (describing motional EMF).  The integral form of the 
Maxwell–Faraday equation describes only the transformer EMF, while the equation of 
Faraday’s law describes both the transformer EMF and the motional EMF. The changing 
magnetic fl ux of the left coil induces a current in the right coil. Faraday’s disk is the fi rst 
electric generator, a type of Homo polar generator.

Electromagnetic induction was discovered independently by Michael Faraday in 
1831and Joseph Henry in 1832. Faraday was the fi rst to publish the results of his 
experiments. In Faraday’s fi rst experimental demonstration of electromagnetic induction 
(August 29, 1831), the wrapped two wires around opposite sides of an iron ring (torus) 
(an arrangement similar to a modern transformer). Based on his assessment of recently 
discovered properties of electromagnets, he expected that when current started to fl ow 
in one wire, a sort of wave would travel through the ring and cause some electrical 
effect on the opposite side. He plugged one wire into a galvanometer, and watched it 
as he connected the other wire to a battery. Indeed, he saw a transient current (which 
he called a “wave of electricity”) when he connected the wire to the battery, and another 
when he disconnected it. This induction was due to the change in magnetic fl ux that 
occurred when the battery was connected and disconnected. Within two months, 
Faraday had found several other manifestations of electromagnetic induction. For 
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example, he saw transient currents when he quickly slid a bar magnet in and out of a 
coil of wires, and he generated a steady (DC) current by rotating a copper disk near the 
bar magnet with a sliding electrical lead (“Faraday’s disk”).  Michael Faraday explained 
electromagnetic induction using a concept he called lines of force. 

However, scientists at the time widely rejected his theoretical ideas, mainly because 
they were not formulated mathematically. An exception was James Clerk Maxwell, who 
in 1861–62 used Faraday’s ideas as the basis of his quantitative electromagnetic theory. 
In Maxwell’s papers, the time-varying aspect of electromagnetic induction is expressed 
as a differential equation which Oliver Heaviside referred to as Faraday’s law even 
though it is different from the original version of Faraday’s law, and does noted scribe 
motional EMF. Heaviside’s version (see Maxwell–Faraday equation below) is the form 
recognized today in the group of equations known as Maxwell’s equations.

Lenz’s law, formulated by Emil Lenz in1834,describes “fl ux through the circuit”, 
and gives the direction of the induced EMF and current resulting from electromagnetic 
induction (elaborated upon in the examples below).

Faraday’s experiment showing induction between coils of wire: The liquid battery 
(right) provides a current which fl ows through the small coil (A), creating a magnetic 
fi eld. When the coils are stationary, n current is induced. But when the small coil is 
moved in

or out of the large coil (B), the magnetic fl ux through the large coil changes, 
inducing a current which is detected by the galvanometer (G).

Faraday’s law
Qualitative statement: The most widespread version of Faraday’s law states:
The closed path here is, in fact, conductive.
Quantitative: The electromotive force around a closed path is equal to the 

negative of the time rate of change of the magnetic fl ux enclosed by the path. The 
closed path here is conductive. 

Quantitative: The defi nition of surface integral relies on splitting the surface Σ 
into small surface elements. Each element is associated with a vector dA of magnitude 
equal to the area of the element and with direction normal to the element and pointing 
“outward” (with respect to the orientation of the surface).For a loop of wire in a magnetic 
fi eld, the magnetic fl ux ΦB is defi ned for any surface Σ whose boundary is the given 
loop. Since the wire loop may be moving.  The defi nition of surface integral relies on 
splitting the surface Σ into small surface elements. Each element is associated with a 
vector dA of magnitude equal to the area of the element and with direction normal to 
the element and pointing “outward” (with respect to the orientation of the surface).We 
write Σ(t) for the surface. The magnetic fl ux is the surface integral:
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Where dA is an element of surface area of the moving surface Σ (t), B is the magnetic 
fi eld and B· dA is a vector dot product representing the element of fl ux through dA. In 
more visual terms, the magnetic fl ux through the wire loop is proportional to the number 
of magnetic fl ux lines that pass through the loop. When the fl ux changes—because B 
changes, or because the wire loop is moved or deformed, or both—Faraday’s law of 
induction says that the wire loop acquires an EMF, E, defi ned as the energy available 
from a unit charge that has travelled once around the wire loop. (Note that different text 
books may give different defi nitions. The set of equations used throughout the text was 
chosen to be compatible with the special relativity theory.) Equivalently, it is the voltage 
that would be measured by cutting the wire to create an open circuit, and attaching a 
voltmeter to the leads. Faraday’s law states that the EMF is also given by the rate of 
change of the magnetic fl ux:

Where is the electromotive force (EMF) and ΦB is the magnetic fl ux. The direction 
of the electromotive force is given by Lenz’s law. The laws of induction of electric currents 
in mathematical form was established by Franz Ernst Neumann in 1845.  Faraday’s law 
contains the information about the relationships between both the magnitudes and the 
directions of its variables. However, the relationships between the directions are not 
explicit; they are hidden in the mathematical formula of Left Hand Rule for Faraday’s 
Law.

The sign of ΔΦB, the change in fl ux, is found based on the relationship between 
the magnetic fi eld B, the area of the loop A, and the normal n to that area, as represented 
by the fi ngers of the left hand. It is possible to fi nd out the direction of the electromotive 
force (EMF) directly from Faraday’s law, without invoking Lenz’s law. A left hand rule 
helps doing that, as follows. Align the curved fi ngers of the left hand with the loop (yellow 
line). Stretch your thumb. The stretched thumb indicates the direction of n (brown), the 
normal to the area enclosed of t by the loop. If ΔΦB is positive, the direction of the EMF 
is the same as that of the curved fi ngers (yellow arrowheads). If ΔΦB is negative, the 
direction of the EMF is against the arrowheads. 

Find the sign of ΔΦB, the change in fl ux. Determine the initial and fi nal fl uxes 
(whose difference is ΔΦB) with respect to the normal n, as indicated by the stretched 
thumb. If the change in fl ux, ΔΦB, is positive, the curved fi ngers show the direction of 
the electromotive force (yellow arrow heads). If ΔΦB is negative, the direction of the 
electromotive force is opposite to the direction of the curved fi ngers (opposite to the 
yellow arrowheads). For a tightly wound coil of wire, composed of N identical turns, 
each with the same ΦB, Faraday’s law of induction states that
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Where N is the number of turns of wire and ΦB is the magnetic fl ux through a 
single loop.

Maxwell–Faraday equation

The Maxwell–Faraday equation states that a time-varying magnetic fi eld always 
accompanies a spatially varying (also possibly time-varying), non-conservative electric 
fi eld, and vice versa. The Maxwell–Faraday equation is (in SI units) where ∇× is the 
curl operator

And again E(r, t) is the electric fi eld and B(r, t) is the magnetic fi eld. These fi elds 
surface Σ, its boundary ∂Σ, and orientation n set by the right-hand rule.

Can generally be functions of position rand time t.
The Maxwell–Faraday equation is one of the four Maxwell’s equations, and 

therefore plays a fundamental role in the theory of classical electromagnetism. It can 
also be written in an integral form by the Kelvin–Stokes theorem, thereby reproducing 
Faraday’s law:

Where as indicated in the fi gure: Σ is a surface bounded by the closed contour 
∂Σ, E is the electric fi eld, B is the magnetic fi eld. Dl is an infi nitesimal vector element 
of the contour ∂Σ, Da is an infi nitesimal vector element of surface Σ. If its direction is 
orthogonal to that surface patch, the magnitude is the area of an infi nitesimal patch of 
surface. Both dl and dA have a sign ambiguity; to get the correct sign, the right-hand 
rule is used, as explained in the article Kelvin– Stokes theorem. For a planar surface 
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Σ, a positive path element dl of curve ∂Σ is defi ned by the right-hand rule as one that 
points with the fi ngers of the right hand when the thumb points in the direction of the 
normal n to the surface Σ. The integral around ∂Σ is called a path integral or line integral.

Notice that a nonzero path integral for E is different from the behavior of the 
electric fi eld generated by charges. A charge generated E-fi eld can be expressed as 
the gradient of a scalar fi eld that is a solution to Poisson’s equation, and has a zero path 
integral. See gradient theorem. The integral equation is true for any path ∂Σ through 
space, and any surface Σ for which that path is a boundary. If the surface Σ is not 
changing in time, the equation can be rewritten:

The surface integral at the right-hand side is the explicit expression for the 
magnetic fl ux ΦB through Σ. The electric vector fi eld induced by a changing magnetic 
fl ux, the solenoid component of the overall electric fi eld, can be approximated in the 
non-relativistic limit by the following volume integral equation: The four Maxwell’s 
equations (including the Maxwell–Faraday equation), along with Lorentz force law, are 
a suffi cient foundation to derive everything in classical electromagnetism. Therefore, it 
is possible to “prove” Faraday’s law starting with these equations.

Proof:
The starting point is the time-derivative of fl ux through an arbitrary surface Σ 

(that can move or be deformed) in space: (by defi nition). This total time derivative 
can be evaluated and simplifi ed with the help of the Maxwell–Faraday equation and 
some vector identities; the details are in the box below: Consider the time-derivative 
of magnetic fl ux through a closed boundary (loop) that can move or be deformed. 
The integral can change over time for two reasons: The integrand can change, or the 
integration region can change. These add linearly, therefore: where t0 is any given fi xed 
time. We will show that the fi rst term on the right-hand side corresponds to transformer 
EMF, the second to motional EMF (from the magnetic Lorentz force on charge carriers 
due to the motion or deformation of the conducting loop in the magnetic fi eld).  The fi rst 
term on the right-hand side can be rewritten using the integral form of the

Maxwell–Faraday equation: Next, we analyze the second term on the right-hand 
side:

The proof of this is a little more diffi cult than the fi rst term; more details and 
alternate approaches for the proof can be found in the references. As the loop moves 
and/or the area swept out by a vector element dl of a loop ∂Σ in time dt when it has 
moved with velocity vl. deforms, it sweeps out a surface (see the right fi gure). As a 
small part of the loop dl moves with velocity vl over a short time dt, it sweeps out an 
area which vector is dA sweep = vl dt× dl (Note that this vector is toward out from the 
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display in the right figure). Therefore, the change of the magnetic flux through the loop 
due to the deformation or movement of the loop over the time dt is Here, identities of 
triple scalar products are used.  Therefore, where vl is the velocity of a part of the loop 
∂Σ. Putting these together results in,

The result is: where ∂Σ is the boundary (loop) of the surface Σ, and vl is the 
velocity of a part of the boundary.

In the case of a conductive loop, EMF (Electromotive Force) is the electromagnetic 
work done on a unit charge when it has traveled around the loop once, and this work 
is done by the Lorentz force. Therefore, EMF is expressed as where is EMF and v is 
the unit charge velocity. In a macroscopic view, for charges on a segment of the loop, 
v consists of two components in average; one is the velocity of the charge along the 
segment vt, and the other is the velocity of the segment vl (the loop is deformed or 
moved). Vt does not contribute to the work done on the charge since the direction of VT 
is same to the direction of Mathematically, since is perpendicular to as and are along 
the same direction.

Now we can see that, for the conductive loop, EMF is same to the time-derivative 
of the magnetic flux through the loop except for the sign on it. Therefore, we now 
reach the equation of Faraday’s law (for the conductive loop) as where. With breaking 
this integral, is for the transformer EMF (due to a time-varying magnetic field) and is 
for the motional EMF (due to the magnetic Lorentz force on charges by the motion or 
deformation of the loop in the magnetic field). It is tempting to generalize Faraday’s 
law to state: If ∂Σ is any arbitrary closed loop in space whatsoever, then the total time 
derivative of magnetic flux through Σ equals the EMF around ∂Σ. This statement, 
however, is not always true and the reason is not just from the obvious reason that EMF 
is undefined in empty space when no conductor is present. As noted in the previous 
section, Faraday’s law is not guaranteed to work unless the velocity of the abstract 
curve ∂Σ matches the actual velocity of the material conducting the EMF for non-thin-
wire circuit’s electricity. The two examples illustrated below show that one often obtains 
incorrect results when the motion of ∂Σ is divorced from the motion of the material.

Faraday’s homo polar generator. The disc rotates with angular rate ω, sweeping 
the conducting radius circularly in the static magnetic field B (which direction is along 
the disk surface normal). The magnetic Lorentz force v × B drives a current along the 
conducting radius to the conducting rim, and from there the circuit completes through 
the lower brush and the axle supporting the disc. This device generates an EMF and 
a current, although the shape of the “circuit” is constant and thus the flux through the 
circuit does not change with time. A wire (solid red lines) connects to two touching 
metal plates (silver) to form a circuit. The whole system sits in a uniform magnetic 
field, normal to the page. If the abstract path ∂Σ follows the primary path of current flow 
(marked in red), then the magnetic flux through this path changes dramatically as the 
plates are rotated, yet the EMF is almost zero. After Feynman one can analyze like 
these by taking care that the path ∂Σ moves with the same velocity as the material. 
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Alternatively, one can always correctly calculate the EMF by combining Lorentz force 
law with the Maxwell–Faraday equation where it is very important to notice that (1) 
[vm] is the velocity of the conductor ... not the velocity of the path element dl and (2) 
in general, the partial derivative with respect to time cannot be moved outside, the 
integral since the area is a function of time”.

Two phenomena:
Faraday’s law is a single equation describing two different phenomena: the 

motional EMF generated by a magnetic force on a moving wire (see the Lorentz force), 
and the transformer EMF generated by an electric force due to a changing magnetic 
field (described by the Maxwell– Faraday equation). Faraday’s law and relativity James 
Clerk Maxwell drew attention to this fact in his 1861 paper On Physical Lines of Force. 
In the latter half of Part II of that paper, Maxwell gives a separate physical explanation 
for each of the two phenomena.

A reference to these two aspects of electromagnetic induction is made in some 
modern textbooks. As Richard Feynman states: So the “flux rule” that the emf in circuit 
is equal to the rate of change of the magnetic flux through the circuit applies whether 
the flux changes because the field changes or because the circuit moves (or both) ... 
Yet in our explanation of the rule we have used two completely distinct laws for the two 
cases – v × B for “circuit moves” and ∇× E = −∂t B for “field changes”.

Wireless Battery Charger Circuit Advantages:
Usage of separate charger is eliminated. Phone can be charged anywhere and 

anytime. It does not require wire for charging. Easier then plug into power cable.
Wireless Power Transfer Circuit Application:
Wireless charger scan be used to charge mobile, camera batteries, Bluetooth, 

headsets etc. This can be used in applications like car battery charger with little 
modification. This can also be used in medical devices. 

Limitations of the Circuit:
Power is somewhat wasted due to mutual induction. It will work for very short 

distances only. If we want to use it for long distances, then the number of inductor turns 
should be high.  

Methodology:
 Inductive method for charging portable devices wirelessly is based upon Faraday’s 

Law of mutual induction. The main principle upon which the design of our circuit is 
based have been

discussed in detail. The circuit diagram of our wireless battery charger is as follow.
Wireless mobile charger circuit design:-
Wireless battery charger circuit design is very simple and easy the circuit required 

only resisters, diodes, capacitors, copper coils, transformer and voltage regulator. In 
our wireless battery charger we use two circuits. The first circuit is transmitter circuit 
which is used to produce voltage wirelessly. The transmitter circuit consists of DC 
source, oscillator circuit and a transmitter coil. Oscillator circuit consist of two N-Channel  
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MOSFETS IRF 540, 4148 diodes. When the DC power is given to the oscillator, current 
starts fl owing through the two coils L1, L2 and drain terminal of the transistor. At the 
same time some voltage is appeared at the gate terminals of the transistors. One of the 
transistors is in on state while other is off state. Thus

Figure 5: Wireless mobile circuit diagram 

voltage at Drain of transistor which is in off state rises and it fall through the tank 
circuit made of 6.8 nf capacitors and transmitter coil of 0.674. Thus operating frequency 
is determined by using formula:

F=1/[2π(LC)]

In the second circuit that is receiver circuit consist of receiver coil, rectifi er circuit 
and regulator. When the receiver coil is placed at distance near the inductor AC power 
is induced in the coil. This is rectifi ed by the rectifi er circuit and is regulated to DC 5 volt 
using 7805 regulator. The rectifi er circuit consists of 1n4007 diode and capacitor 6.8nf. 
The output of regulator is connected to the battery.

How to operate this Wireless Power Transfer Circuit?
Initially, connect the circuit as shown in the circuit diagram and switch on the 

supply. Connect the battery charger at the output of the circuit. Place the receiver coil 
near the transmitter coil. You can observe the charging of battery.

CONCLUSIONS

We discussed different wireless power transfer techniques and briefl y overviewed 
inductive method of power transfer as it is best way to deliver power wirelessly to our 
portable devices. Wireless battery charging has many advantages in term of convenience 
because users simply need to place the device requiring power onto a mat or other 
surface to allow wireless charging to take place. We believe that our contribution in this 
work is successfully benefi t society in terms of convenience, reduce wear of plugs and 
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sockets, and application in medical environments. Reduced efficiency is one of the key 
challenges in wireless battery charging system due to resistive loses on the coil, stray 
coupling etc. Therefore inductive method was chosen to fulfill the requirements of the 
consumers because it is suitable for charging devices in both power and range level. 
The basic principle of this technology is explained, the last development and research 
are summarized, with an especial emphasis on inductive charging technology technical 
challenge and future development trends are also introduced.

It is concluded that power loss and efficiency are major problems for this design 
we noticed the potential problem whether the converted DC power will be significant 
enough to charge up the battery. Therefore the characteristics of the diodes should be 
mounted directly onto the antenna for a minimum power dissipation.

As the wireless technology is getting popular now a days the demand of battery 
is also increasing. The battery needs to recharged or changed eventually. Therefore 
I am inspired to design the wireless battery charger the wireless battery charger will 
eliminate all the hassle with the battery.  As for now there are no known companies 
which develop the wireless battery charger. This means that the opportunity is very big. 
Also, people tend to spend more money for convenience. It gives more reason that this 
device will have a very good market.
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