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Abstract—This paper extends a previous formula for the mutual
inductance between single-turn coils to include all coils in air with
rectangular cross sections, without any restrictions on the dimen-
sions (including overlapping coils). The formula is compared with
a wide spectrum of examples from the literature and agreement
is excellent in every case. Experimental results are presented to
validate the formula for both solenoid and disk coils. The formula
is relevant to coreless transformers, inductive coupling, wireless
power transfer, and leakage inductance in resonant converters.

Index Terms—Charging, mutual inductance, planar magnetics,
self-inductance, wireless power.

I. INTRODUCTION

R ECENT advances in wireless power transfer for charging
electric vehicles, charging of mobile devices, induction

heating, biomedical implants, and wireless sensors depend to a
greater or lesser extent on the accurate knowledge of the self- and
mutual-inductances that make up the coils to establish parame-
ters, such as the coupling coefficient. In resonant converters, the
leakage inductance in the transformer plays an important role,
and in many cases, the leakage inductance may be estimated
from the air coil calculations.

The issue of calculating the self- and mutual-inductance of
coils in air has been engaging researchers all the way back to
Maxwell [1]. Several approximations, specific techniques, and
tables have been provided [2]–[21]. The basic problem arises
when the well-known formula for the mutual inductance be-
tween two circular filaments is extended to coils with finite
cross section. In nearly every case that has been documented,
the extension of the filament formula to coils has assumed
that the current is distributed uniformly over the cross section.
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W. H. Wölfle is with Convertec Ltd., Wexford, Ireland (e-mail: wwolfle@
convertec.ie).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TPEL.2015.2413493

Unfortunately, there is no known full analytical solution in this
case, and the main thrust of the solutions to date has been to re-
place the sections by filaments with a separation determined by
the geometric mean distance (GMD) to provide approximations.
This works reasonably well, when the two coils are similar, and
when the main dimensions of the cross section are comparable
to the average radius of the coil. However, this is a relatively
small subset of coils, particularly, where wireless charging is in-
volved. This paper provides a single formula for calculating the
self- and mutual-inductance of coils without restrictions on the
dimensions, where the formula is easily implemented in stan-
dard mathematical software. Several examples are presented for
comparison with existing methods and for validation by simu-
lation with finite-element analysis (FEA). Experimental results
for self- and mutual-inductance are presented to validate the
formula for both solenoid and disk coils.

II. SELF- AND MUTUAL-INDUCTANCE OF CIRCULAR COILS

The starting point for inductance calculations in air is the
mutual inductance between two filaments. The filamentary for-
mula may be integrated over the cross section of a coil to yield
the self- or mutual inductance of coils with finite cross sections.
However, there is no analytical solution when the current density
in the cross section is uniform. Several authors have proposed
approximations for this case. However, in a solid section, the
current density is not necessarily uniform, and this is the starting
point for this paper. The analytical solution for the mutual in-
ductance between two coils with the dimensions shown in Fig. 1
is given in [7], and it is summarized in the Appendix for clarity

M12 =
μ0π

w1w2 ln
(

r2

r1

)
ln

(
a2

a1

)

×
∫ ∞

0
S(kr2 , kr1)S(ka2 , ka1)Q(kw1 , kw2)e−k |z |dk.

(1)

All the terms are described in the Appendix, and the dimen-
sions are shown in Fig. 1.

This is the result for a single turn in each coil, and it is easily
solved with numerical integration using MATLAB. The upper
limit of integration is set by applying an error term, in our case
the relative error was set to 0.01%, and the starting value of the
upper limit of integration may be set as

kupper =
6000
rmin

(2)
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Fig. 1. Mutual inductance between two coils.

Fig. 2. Overlapping coils (a) Full Overlapping (b) Partial Overlapping.

where rmin is the inside radius of the smaller coil and the units
are in millimeters. The upper limit may be increased to satisfy
the error margin as required.

A. Overlapping Sections

The formula in (1) accounts for cases of overlapping coil
sections (z = 0) and sections that do not overlap axially (see
(15)); therefore, in cases where there is partial overlapping, the
coils in question can be subdivided into overlapping (z = 0)
and nonoverlapping sections and the mutual inductance can be
found in each case and combined (as shown in Fig. 2).

For full overlap

M =
w2

ws2
M12 +

w3

ws2
M13 +

w4

ws2
M14 (3)

where M12 , M13 , and M14 are calculated using (1) with
Q(kx, ky) in (15) set according to the overlap conditions. The
ratio of coil widths accounts for the proportion of coil areas that
apply in each inductance term.

Similarly, for partial overlap

M =
w1w3

ws1ws2
M13 +

w1w4

ws1ws2
M14 +

w2w3

ws1ws2
M23

+
w2w4

ws1ws2
M24 (4)

Fig. 3. Discretized sections.

where M13 , M14 , M23 , and M24 are calculated using (1) with
Q(kx, ky) set appropriately as before.

We may now extend these results to more practical cases in
the following sections that contain multiple turns.

B. Circular Coils With Uniform Current Density

A coil that consists of many turns meets the condition of
uniform current density in the cross section, and the assumption
that the current density varies inversely with radius would lead
to an unacceptably large error. This situation may be handled
by subdividing the cross section into a sufficient number of
discrete radial sections so that the current density is effectively
uniform in each section (as shown in Fig. 3). In this case, the
self inductance for n discrete sections becomes

L = N 2

∑n
j=1

∑n
i=1 Mij

n2 . (5)

Mij is the mutual inductance between section i and section j
as given by (1), and for the case of i = j it is the self-inductance
of the section. The condition of overlapping coils applies in all
cases.

The upper limit of discrete sections may be set by setting
an appropriate error tolerance. The number of sections may be
set as

n =
amax − amin

amin
· ND (6)

where amin and amax are the inside and outside radii of the
coil, respectively, set ND = 10 for accuracy of 0.1% and take
ND = 3 for accuracy of 1%, n is rounded up to the nearest
integer.

The same rule may be applied to mutual inductance; by first
calculating the self-inductance of each coil to the required pre-
cision based on the number of discrete sections n, given by (6).
For simplicity, the larger value of n is chosen for both coils. In
effect, the mutual inductance formula is summed over all the
discretized sections of the two coils

M = N1N2

∑n
k=1

∑n
i=1 Mik

n2 . (7)
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Fig. 4. Representative coil layouts.

TABLE I
COMPARISON OF CALCULATED AND SIMULATED RESULTS FOR DIFFERENT COIL LAYOUT CASES

Cases 1 2 3 4 5 6 7 8

Symbol Meaning Unit Dimensions and specifications

r1 Inner radius of section 1 mm 20.5 10 43.8 1.15 71.247 1.15 71.247 500
r2 Outer radius of section 1 mm 30.5 40 46.3 1.75 85.217 1.75 85.217 1500
a1 Inner radius of section 2 mm 20.5 10 48.8 2.00 96.9645 1.15 96.9645 500
a2 Outer radius of section 2 mm 30.5 40 51.3 2.60 138.4935 1.75 138.4935 1500
w 1 Width of section 1 mm 10 60 50 0.015 142.748 0.015 142.748 1000
w 2 Width of section 2 mm 10 60 50 0.015 24.13 0.015 24.13 1000
z Axial separation mm 0 0 0 0 1 0.055 100 1001
N1 Turns in section 1 – 400 1 20 1 1142 1 1142 1
N2 Turns in section 2 – 400 1 20 1 516 1 516 1

Methods Self inductance Mutual inductance

Former methodsa, b, c, d, e, f 9.181 mH a 19.01 nH d 31.79 μH a 2.195 nH c 56.89 mH e 3.917 nH b 27.60 mH e 0.5413 μH f

Integral 9.457 mH 19.01 nH 31.82 μH 2.295 nH 56.89 mH 4.044 nH 27.60 mH 0.5393 μH
FEA (Comsol) 9.462 mH 19.01 nH 31.87 μH 2.290 nH 56.89 mH 4.044 nH 27.60 mH 0.5395 μH

Note (Former methods):
aGrover [10].
bGMD [1].
cLyle [4].
dLuo and Chen [17].
eConway [12].
fBabic [8].
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Fig. 5. Self-inductance for disk coils; r1 = 1.0 cm, w = 0.5 cm, 1.5 cm
<= r2 <= 10 cm.

Calculation of each of the terms of Mik in (7) will depend
on whether or not the coils are overlapping axially as before. If
there is axial overlap, each of the radial sections should be split
axially as described in Fig. 2, with (3) and (4) then applied to
the individual radial sections.

III. VALIDATION

A. Illustrative Examples

The new formula was tested for eight representative circular
coil configurations, taken from existing literature, illustrated in
Fig. 4; the dimensions of the coils are given in Table I. In all
cases, the current density is taken as uniform over the cross
section. For comparison purposes, each self/mutual inductance
was calculated with the new formula, and compared with a
known result such as the GMD method given in Grover [10], by
Lyle [4], or in a recent publication. The configuration was also
evaluated using FEA.

The calculations show that the new formula works well over
a wide variety of configurations. It is instructive to examine two
extreme cases, disk windings (Case 4) that occur in applications,
such as planar magnetics and single-layer coils such as solenoids
(Case 3). In Fig. 5, for disk coils, the calculations are performed
for a coil with uniform current density and compared with FEA.
The overall agreement is very good over a wide range of aspect
ratios of the coil cross section.

In Fig. 6, the self-inductance is calculated for a thin-solenoid-
type coil, here there is no discretization of the cross section, and
the results compare very well with FEA.

B. Experimental Results

Further validation of the new approach was achieved by com-
paring the new formula with experimental results for solenoid
coils and disk windings. The dimensions of the test coils are
given in Table II, and the results are presented in Figs. 7
and 8. The self- and mutual-inductances were measured by
means of the high precision Agilent E4980 A Precision LCR-
meter. The signal level was set to 10 mA and the frequency was
set to 1 kHz. The mutual inductance is obtained by means of

two different measurements, according to the in-phase Li,p , and
the opposing-phase Lo,p , connections of the coils. Hence, the
mutual inductance is calculated as M = (Li,p − Lo,p)/4. The
results in Figs. 7 and 8 confirm the accuracy of (7) over differ-
ent separation distances. The self-inductance was measured for
each of the coils, and the results compare very well with the
values given by the new formula and also with FEA, these are
presented at the end of Table II, and these in turn confirm the
accuracy of (5).

C. Uniform Versus Variable Current Distribution

Case 2 in Table I taken from [17] is worth further considera-
tion. It is presented as a one turn coil with the dimensions given,
and a prototype is shown in Fig. 9(b). Since it is a one turn coil the
inductance formula (1) applies directly, and the self-inductance
is computed as 13.89 nH. The result in Table I is 19.01 nH, and
this is based on uniform current density in the coil. Two samples
with the same overall cross-sectional area were constructed in
order to investigate these calculations further. The samples are
shown in Fig. 9, one inductor was wound with 182 turns of
0.125-mm foil to ensure uniform current density. The second
coil is a solid section of one turn.

The measurements were carried out with an Agilent E48980
Precision LCR meter, the set-up is shown in Fig. 10. Measure-
ments are taken above 1 kHz because the inductance values are
so small that the impedance values below 1 kHz make accurate
measurements very difficult. In the case of the solid core mea-
surements below 10 kHz are not meaningful. In particular, skin
depth plays a part in the case of the solid section and must be
considered.

We have already established that the FEA results agree with
the calculations using the new formula. The FEA was run over
the full frequency range of the tests and the results are presented
in Fig. 11. Evidently, the FEA results, confirmed by the exper-
imental results obtained at the higher frequencies, verify the
low-frequency values of inductance predicted by the new for-
mula. The significance of these results is that the new formula
is consistent with a variable current distribution in a single turn
and may be used in a discretized coil, where multiple turns mean
uniform current density.

IV. CONCLUSION

A single integral formula that is readily evaluated by nu-
merical methods has been presented to calculate the self- and
mutual-inductance of coaxial circular coils in air. Calculations
with the new formula have been performed and compared both
with an extensive range of configurations that have been previ-
ously presented in the literature and also compared with FEA.
In every case, the results are consistent and enjoy the same accu-
racy as the alternative methods that are in general more complex
in their execution. Experimental devices were constructed and
tested and offered further validation of the new formulation of
the inductance formula for circular coils.
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TABLE II
COMPARISON OF EXPERIMENTAL AND SIMULATED RESULTS FOR DIFFERENT COILS

Cases Solenoid Disk

Symbol Meaning Unit Coil 1 Coil 2 Coil 3 Coil 4

r1 Inner radius of section 1 mm 25 20
r2 Outer radius of section 1 mm 27 50
a1 Inner radius of section 2 mm 10.5 46.875
a2 Outer radius of section 2 mm 12.5 78.375
w 1 Width of section 1 mm 62 1.55
w 2 Width of section 2 mm 30 1.55
N1 Turns in section 1 – 20 40
N2 Turns in section 2 – 10 15

Self-inductance: calculated results 12.088 μH 1.200 μH 121.500 μH 39.539 μH
Self-inductance: FEA results 12.229 μH 1.225 μH 121.519 μH 39.555 μH

Self-inductance: Measured results 13.03 μH 1.289 μH 123.215 μH 39.857 μH

Fig. 6. Self-inductance for solenoid coils; r1 = 1.0 cm, r2 = 1.5 cm, 0.5 cm
<= w <= 20 cm.

Fig. 7. Mutual inductance for solenoid coils.

APPENDIX

A. Filaments

A detailed derivation of (18) is given in [7], it is summarized
here for clarity.

The fundamental building block for inductance calculations
in coils is the mutual inductance between two filaments as shown
in Fig. 12.

Fig. 8. Mutual inductance for disk coils.

Fig. 9. Coils for Case 2, (a) foil wound, (b) solid.

The mutual inductance between the two filaments is found
from the solution of Maxwell’s Equations and is well known, it
was first proposed by Maxwell [1]

M = μ0πar

∫ ∞

0
J1(kr)J1(ka)e−k |z |dk (8)

where J1 is a Bessel function of the first kind and the remaining
dimensions are shown in Fig. 12.
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Fig. 10. Test setup for inductance measurement.

Fig. 11. Comparisons of the FEA, measured and calculated results.

Fig. 12. Circular filaments in the air.

The solution of (18) may also be written in the form of elliptic
integrals given by Gray [2]

M = μ0
√

ar
2
f

[(
1 − f 2

2

)
K(f) − E(f)

]
(9)

f =

√
4ar

z2 + (a + r)2 (10)

where K(f) and E(f) are complete elliptic integrals of the first
and second kind, respectively.

Fig. 13. Filaments in circular coils.

B. Circular Coils

The filamentary formula is of little practical value in itself.
In practice, however, as designers we need formulas relating to
coils, i.e., groups of turns. Fig. 13 indicates two such coils. In
this figure, the coils are shown to be of rectangular cross section
and it is understood that coil 1 has N1 turns and coil 2 has N2
turns.

The formula for mutual inductance between the two sections
is found by integrating the filament formula (8), over the coil
cross sections yielding

M ′ =
N1N2

h1w1h2w2

∫ a2

a1

∫ r2

r1

∫ w 1 /2

−w 1 /2

∫ w 2 /2

−w 2 /2
M dadr dτ1 dτ2 .

(11)
The numerical integration of (11) is possible, but the solution

converges slowly, and an alternative solution, such as the elliptic
integral formula does not exist. Approximations to the integral
formula for coils in air have been developed by Gray [3] and
Lyle [4]. Dwight [5] and Grover [10] have published extensive
tables to calculate the inductance between coil sections. Several
contributors have offered solutions in recent years [8]–[18].

Consider now, the case where each of the coils in Fig. 13
consists of a single turn. In any coil, the shorter path on the
inside edge (at r = r1 in Fig. 13) of the conducting section
means that the resistance to current flow is lower and, therefore,
the current density is higher on the inside than on the outside. On
the basis of this observation, it is reasonable to assume that there
is an inverse relationship between the current density J(r) and
the radius r. By the same token current density in the z-direction
may be taken as uniform. Integrating the current density over
the cross section with an insider radius of r1 and an outside
radius r2 and width w with the total current I yields

J(r) =
I

w · r · ln
(

r2
r1

) . (12)

The current density given by (12) was compared with the
current density found from FEA based on Case 2 in Table I,
this is the coil in Fig. 9(b). The results are shown in Fig. 14 and
agreement is very good.
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Fig. 14. Comparisons between the current density calculated by (12) and the
FEA simulated results.

With this distribution of current density, the induced voltage
in a filamentary turn in coil 1 due to current in an annular
section in coil 2 is found using the filament formula for mutual
inductance (8). Integrating over the current flowing in the cross
section of coil 2, yields the induced voltage in the filament in
coil 1 due to all the current in coil 2. This is turn may be used
to find the power transferred to an annular segment at r in coil
1 due to the current in coil 2. Further integration over the cross
section of coil 1 yields the total power transferred to coil 1.

P = jωμ0π

∫ ∞

0

∫ w 1 /2

w/2

∫ w 2 /2

−w 2 /2

∫ r2

r1

∫ a2

a1

rJ(r)J1(kr)

× aJ(a)J1(ka)e−k |z+τ2 −τ1 |da dr dτ1 dτ2 dk. (13)

The internal integrals in (13) are readily solved, with J(r)
given by (12), to yield

P = jωμ0π
I1 I2

w1 ln(r2/r1)w2 ln(a2/a1)

×
∫ ∞

0
S(kr2 , kr1)S(ka2 , ka1)Q(kw1 , kw2) e−k |z | dk

(14)

where

Q(kw1 , kw2) =
2
k2

⎡
⎣ cosh k

w1 + w2

2
−

cosh k
w1 − w2

2

⎤
⎦, z >

w1 + w2

2

=
2
k

(
w +

e−kw − 1
k

)
, z = 0, w1 = w2 = w

(15)

and

S(kr2 , kr1) =
J0(kr2) − J0(kr1)

k

S(ka2 , ka1) =
J0(ka2) − J0(ka1)

k

(16)

but

P = V2I2 = jωM12I1I2 (17)

where M12 is the mutual inductance between the two coils.
Recognizing the equivalence of (14) and (17) establishes M12

M12 =
μ0π

w1w2 ln
(

r2

r1

)
ln

(
a2

a1

) ·

∫ ∞

0
S(kr2 , kr1)S(ka2 , ka1)Q(kw1 , kw2)e−k |z |dk.

(18)

ACKNOWLEDGMENT

The authors would like to thank Convertec Ltd., Wexford,
Ireland, in carrying out the inductance tests.

REFERENCES

[1] J. C. Maxwell, A Treatise on Electricity and Magnetism. Oxford, U.K.:
Clarendon, 1881.

[2] A. Gray, Absolute Measurements in Electricity and Magnetism. London,
U.K.: MacMillan, 1893.

[3] United States. Bureau of Standards, Bulletin of the Bureau of Standards,
vol. 2. Washington, DC, USA: GPO, 1906.

[4] T. R. Lyle, Philosophical Transactions of the Royal Society of London.
Series A, Containing Papers of a Mathematical or Physical Character.
London, U.K.: The Royal Society, 1914.

[5] H. B. Dwight, “Some new formulas for reactance coils,” Trans. Amer. Inst.
Electr. Eng., vol. 8, no. 2, pp. 1675–1696, 1919.

[6] D. Yu and K.S. Han, “Self-inductance of air-core circular coils with rect-
angular cross-section,” IEEE Trans. Magn., vol. 23, no. 6, pp. 3916–3921,
Nov. 1987.

[7] W. G. Hurley and M. C. Duffy, “Calculation of self and mutual impedances
in planar magnetic structures,” IEEE Trans. Magn., vol. 31, no. 4,
pp. 2416–2422, Jul. 1995.

[8] S. I. Babic and C. Akyel, “New analytic-numerical solutions for the mutual
inductance of two coaxial circular coils with rectangular cross section in
air,” IEEE Trans. Magn., vol. 42, no. 6, pp. 1661–1669, Jun. 2006.

[9] S. I. Babic, F. Sirois, C. Akyel, G. Lemarquand, V. Lemarquand, and
R. Ravaud, “New formulas for mutual inductance and axial magnetic
force between a thin wall solenoid and a thick circular coil of rectangular
cross-section,” IEEE Trans. Magn., vol. 47, no. 8, pp. 2034–2044, Aug.
2011.

[10] F. W. Grover, Inductance Calculations: Working Formulas and Tables.
New York, NY, USA: Dover, 2004.

[11] T. G. Engel and S. N. Rohe, “A comparison of single-layer coaxial coil mu-
tual inductance calculations using finite-element and tabulated methods,”
IEEE Trans. Magn., vol. 42, no. 9, pp. 2159–2163, Sep. 2006.

[12] J. T. Conway, “Inductance calculations for circular coils of rectangular
cross section and parallel axes using Besssel and Struve functions and
elliptic coils,” IEEE Trans. Magn., vol. 46, no. 1, pp. 75–81, Jan. 2010.

[13] J. T. Conway, “Non coaxial force and inductance calculations for bitter
coils and coils with uniform radial current distributions,” in Proc. Int.
Conf. Appl. Supercond. Electromagn. Devices, 2011, pp. 61–64.

[14] J. T. Conway, “Exact solutions for the magnetic fields of axisymmetric
solenoids and current distributions,” IEEE Trans. Magn., vol. 37, no. 4,
pp. 2977–2988, Jul. 2001.

[15] J. T. Conway, “Inductance calculations for noncoaxial coils using Bessel
functions,” IEEE Trans. Magn., vol. 43, no. 3, pp. 1023–1034, Mar. 2007.

[16] V. Pankrac, “The algorithm for calculation of the self and mutual Induc-
tance of thin-walled air coils of general shape with parallel axes,” IEEE
Trans. Magn., vol. 48, no. 5, pp. 1875–1889, May 2012.

[17] Y. Luo and B. Chen, “Improvement of self-inductance calculations for
circular coils of rectangular cross section,” IEEE Trans. Magn., vol. 49,
no. 3, pp. 1249–1255, Mar. 2013.

[18] J. Acero, C. Carretero, I. Lope, R. Alonso, O. Lucia, and J. M. Burdio,
“Analysis of the mutual inductance of planar-lumped inductive power
transfer systems,” IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 410–420,
Jan. 2013.

[19] S. Raju, R. Wu, M. Chan, and C. Yue, “Modeling of mutual coupling
between planar inductors in wireless power applications,” IEEE Trans.
Power Electron., vol. 29, no. 1, pp. 481–49, Jan. 2014.



6162 IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 30, NO. 11, NOVEMBER 2015

[20] I. F. Kovacevic, T. Friedli, A. M. Musing, and J. W. Kolar, “3-D elec-
tromagnetic modeling of parasitics and mutual coupling in EMI filters,”
IEEE Trans. Power Electron., vol. 29, no. 1, pp. 135–149, Jan. 2014.

[21] W. Ruxi, H. F. Blanchette, M. Mingkai, D. Boroyevich, and P. Mattavelli,
“Influence of high-frequency near-field coupling between magnetic com-
ponents on EMI filter design,” IEEE Trans. Power Electron., vol. 28,
no. 10, pp. 4568–4579, Oct. 2013.

William Gerard Hurley (F’07) received the B.E.
degree from University College Cork, Cork, Ire-
land, the M.S. degree from the Massachusetts Insti-
tute of Technology, Cambridge, MA, USA, and the
Ph.D. degree from the National University of Ireland,
Galway, Ireland.

From 1977 to 1983, he was with Honeywell and
Ontario Hydro, Canada, and from 1983 to 1991, he
was with the University of Limerick. He is currently
a Professor of electrical engineering at the National
University of Ireland. His research interests include

high-frequency magnetics, power quality, and renewable energy systems. He
has coauthored several papers and a textbook on magnetics.

Prof. Hurley was the General Chair of the IEEE Power Electronics Specialists
Conference in 2000. He received the IEEE Power Electronics Society Middle-
brook Technical Achievement Award in 2013. He is a Distinguished Lecturer
of the IEEE Power Electronics Society from 2014 to 2015.

Maeve Catherine Duffy (SM’09) received the Grad-
uation and Ph.D. degrees in electronic engineer-
ing from the National University of Ireland (NUI),
Galway, Ireland, in 1992 and 1997, respectively.

From 1997 to 2001, she was a Research Assis-
tant with PEI Technologies, NMRC (now Tyndall
National Institute), Cork, Ireland, where she worked
on several European and industry funded projects fo-
cused on planar magnetics for power electronic ap-
plications. Since then, she has been a Lecturer in
electrical and electronic engineering, NUI, and she

carries out her research at the Power Electronics Research Centre. She has pub-
lished more than 70 peer-reviewed journal and conference papers in the areas
of magnetic component design and power electronics. Her current research in-
terests include magnetic component modeling and design for microprocessor
loads, energy harvesting, and wireless power systems.

Jun Zhang (S’13) received the B.S. and M.S. de-
grees in electrical engineering from the Depart-
ment of Electrical Engineering, Zhejiang University,
Zhejiang, China, in 2008 and 2011, respectively. He
is currently working toward the Ph.D. degree with the
Power Electronics Research Centre, National Univer-
sity of Ireland, Galway, Ireland.

He is the Coauthor of one Chinese book transla-
tion on magnetics. His research interests include grid-
connected inverters for renewable energy; high fre-
quency resonant converters; transformer design and

planar magnetics.
Mr. Zhang received the best paper award at the IEEE PEDG 2014

Conference.

Ignacio Lope (S’09) received the M.Sc. degree
in telecommunications engineering and the Ph.D.
in electronic engineering from the University of
Zaragoza, Spain, in 2010 and 2015, respectively.

He is currently with the BSH Home Appliances
Group, Esquı́roz, Spain, involved in several projects
focused on developing domestic induction heating
appliances. His current research interests include
electromagnetic modeling of inductive-coupled con-
tactless energy transfer systems and modeling of the
losses of magnetic devices.

Bettina Kunz was born in Duisburg, Germany, in
1988. She received the B.Sc. degree in electrical
engineering and the M.Sc. degree from the Univer-
sity of Duisburg-Essen, Duisburg, in 2011 and 2014,
respectively.

She joined the team with the Power Electronics
Research Centre, Galway, Ireland, to work on self-
and mutual-inductances, in 2013. Since 2014, she
has been working as a Power Electronics Hardware
Developer for the automotive industry.
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