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Abstract— The present text provides information regarding introductory concept of wireless power transfer through some 

of the existing technologies and evaluate its quality factor as well as deals with certain methods of improving the efficiency 

of wireless power transfer. Its figure of merit, transfer loss, quality factor and efficiency been calculated and analysed. 
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I. INTRODUCTION 

Since its inception by Nicolas Tesla in 1905, the idea of transfer of electrical power by using no wires has been a continuous 

effort worth doing for scientists and researchers. Many of them actually have succeeded for small distance transfer through 

coupling methods and some of them are trying to send electrical power to very large distance using methods involving 

electromagnetic radiations and LASERs. Here we will discuss some mid to high range power transfer techniques through 

performance enhancement and improved efficiency for radiative and non-radiative modes using resonance as the key factor 

to improve efficiency as well as power output. 

At resonance, any isolated resonator can be identified by two parameters only i.e. its resonant frequency 0 and its intrinsic 

loss rate  . Quality factor, the parameter which tells us about energy storage is given by 
0Q
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  and it is evident that by 

reducing the loss of the system, energy storage can be improved. To get a highly resonant system, its Q-factor must be very 

high to transfer energy efficiently. For this purpose the resonating system must be made from components having very low 

absorptive and radiative losses along with very narrow resonant frequency width. The design of the resonating system should 

be such that it interacts very less with extraneous objects. 

 

According to Dr. Morris P. Kesler2, it can be shown that for a coupled resonating system at resonance, the ratio of power 

delivered to power available from source is given by 
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Where Rg, Rs, RL, Rd are generator resistance, source resistance, load resistance and device resistance respectively and 

s dU k Q Q
is the figure of merit of the system. For maximum efficiency of the system parameters are chosen such that 
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and for this system maximum efficiency is given by,  
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  and graphically it can be shown in fig. 

below.  

 

 

 

 

 

Figure-1 
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The figure of merit is the controlling parameter to decide the efficiency of the power transfer as can also be given as 

s dU k Q Q
.    ………..………                (0.1) 

The above equations (1.1) and (1.2) give freedom about the precise positioning of the source and device, making almost free 

movement.2 

 Aristeidis Karalis, J.D. Joannopoulos, and Marin Soljačić4 worked out a series of experiments using Dielectric disks and 

Capacitively-loaded conducting loops to examine the effect of resonance widths, rate of coupling and figure of merit of the 

system. According to them coupling is strong when 
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Using CMT they propose k value for dielectric disks as 
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which provide a just sufficient value for figure-of-merit that is not as required for strong coupling but even though can be 

used in various applications.  

For Capacitively-loaded conducting loops of self inductances L1 and L2,  
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With mutual inductance M as  
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They showed using CMT that by keeping fixed geometry and source energy stored, the resonant inductive mechanism allows 

for ~Q2 (~106) times more power delivered for work at the device in comparison to the traditional non-resonant mechanism. 

Capacitively-loaded conductive loops are also used as resonant antennas, but those operate in the far-field regime with D/r»1, 

r/λ~1, and the radiation Q’s are intentionally designed to be small to make the antenna efficient, so they are not appropriate 

for energy transfer. 

To make the system more environment-friendly and robust, it must show low energy losses to the interactions with random 

non-resonant extraneous objects. They4 analysed the sensitivity of the system with interactions of human and rigid wall. 

Using Perturbation Theory they proposed that when any extraneous object e is present then field amplitude inside the 

resonant object satisfies the equation  

   1
1 1 1 11 e 1 e 1

da
i i a i i a

dt
             (0.4) 

Where 1 is frequency, 1 is intrinsic loss rate, 11 e
is induced frequency shift on 1 due to e and 1 e

is extrinsic loss rate 

due to e. Hence the total loss rate is 1[e] 1 1 e  
with corresponding figure-of-merit 
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with  e


as perturbed 

coupling rate.   

For dielectric disks, extrinsic loss can be quantified as 
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Where total resonant electromagnetic energy of the unperturbed mode is represented by 
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And k is given as  
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Figure-2 

This depends linearly on field values of one into another. It suggests that energy transfer mechanism for this arrangement is 

quite sturdy and disk resonance is robust towards presence of extraneous objects with high-loss objects in close proximity as 

exception. 

 

For Capacitively-loaded conducting loops, effect of extraneous objects was found to be negligible as all everyday objects are 

nearly non-magnetic and interacting with magnetic fields as with free space. Using PT formula (0.6) it is found that only 

close proximity of large metallic objects can affect these resonances. The overall efficiency graph can be plotted as in figure 

2. 

According to Brent Griffin and Carrick Detweiler14, two primary factors for the performance of the resonant coils are (i) 

they resonant at the same frequency and (ii) they have very high quality factor. To find the resonant frequency, its inductance 

is to be found using the relation  
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Where r is the radius of the coil, N is the total turns in coil and c is the wire bundle thickness. 

Resonant frequency can be found using the formula 
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Here C is the capacitance of in Farad. The quality factor of the resonant coils is calculated as 
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Here R is the resistance of the coil. They14 developed a control algorithm which was able to optimize the received power 

even with the dynamics of moving object prevented it from maintaining optimal position for power transmission. Static 

arrangement achieved more power transfer in comparison to aerial transmission in case of resonant coils. 

II. CONCLUSION 

Aristeidis Karalis, J.D. Joannopoulos, and Marin Soljačić4 In comparison of the two classes of resonant systems under 

examination4, the strong immunity to extraneous objects and the absence of risks for humans probably makes the 

conducting-wire loops the preferred choice for many real-world applications; on the other hand, systems of disks (or spheres) 
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of high (effective) refractive index have the advantage that they are also applicable to much smaller length-scales (for 

example in the optical regime dielectrics prevail, since conductive materials are highly lossy). 

 

In conclusion, we present a scheme based on “strongly-coupled” resonances for mid-range wireless non-radiative energy 

transfer. Although our consideration has been for a static geometry (namely κ and Γe were independent of time), all the 

results can be applied directly for the dynamic geometries of mobile objects, since the energy-transfer time (1κ−μ−∼1100s 

for microwave applications) is much shorter than any timescale associated with motions of macroscopic objects. Analyses of 

very simple implementation geometries provide encouraging performance characteristics and further improvement is 

expected with serious design optimization. Thus the proposed mechanism is promising for many modern applications. For 

example, in the macroscopic world, this scheme could potentially be used to deliver power to robots and/or computers in a 

factory room, or electric buses on a highway (source-cavity would in this case be a “pipe” running above the highway). In the 

microscopic world, where much smaller wavelengths would be used and smaller powers are needed, one could use it to 

implement optical inter-connects for CMOS electronics, or to transfer energy to autonomous nano-objects (e.g. MEMS or 

nano-robots) without worrying much about the relative alignment between the sources and the devices.  

 

As a venue of future scientific research, enhanced performance should be pursued for electromagnetic systems either by 

exploring different materials, such as plasmonic or metallo-dielectric structures of large effective refractive index, or by fine-

tuning the system design, for example by exploiting the earlier mentioned interference effects between the radiation fields of 

the coupled objects. Furthermore, the range of applicability could be extended to acoustic systems, where the source and 

device are connected via a common condensed-matter object. 
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