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Abstract ─ This paper focuses on the tabulation of 

calculated Debye coefficients for a wide range of soils 

for source waves ranging from 300 MHz to 2 GHz. 

Debye coefficients of different soils will produce 

accurate FDTD dispersive simulations for wireline 

logging purposes. The FDTD dispersion analysis is 

based on an Auxiliary Differential Equation (ADE) 

method which depends on the Debye coefficients. A 

complex set of soil data is acquired and used in a two-

step numerical solver to calculate the Debye coefficients. 

For a wide range of soils, Debye coefficients were 

developed for one, two, and three pole expansions. Most 

fits for one pole fits were highly inaccurate, so the 

coefficients generated were disregarded. Coefficients for 

two and three term expansions were accurate and were 

generated and tabulated here. 

Index Terms ─ Complex media, Debye, dispersion 

analysis, FDTD method, induction logging, moisture 

content, soils. 

I. INTRODUCTION
The finite-difference time-domain (FDTD) method 

has been proven to efficiently simulate the propagation 

of waves in dispersive media [1]-[4]. With the aid of the 

FDTD method as well as post-processing techniques, 

an accurate model for oil and gas exploration can be 

performed [1]-[2]. It is essential to consider the electrical 

properties of soils in FDTD simulations to ensure an 

accurate model of propagating waves in them is 

developed. Methods to determine electrical properties of 

soils surrounding a borehole are known as induction 

logging techniques. Induction logging techniques have 

been developed and improved in the past years and have 

helped to extract natural resources [5].  

Soils are characterized as dispersive media, and if 

the electrical properties of a particular soil are known, 

proper analysis and simulations can be performed [6],[7]. 

When adapting a cylindrical model, the comparison 

between the results produced by the simulation and 

the results obtained via wireline logging can indicate 

pockets of natural resources. Multi-pole models have 

been used in FDTD formulations to adapt dispersive 

wave propagation. Such multi-pole models include the 

Cole-Cole and Debye models [8]-[9]. Due to the nature 

of soils, propagating waves experience a dampening 

force that can be best described by a linear, first order 

differential equation on the polarization state of the 

particles within the soil [10]. This differential equation 

gives rise to the Debye electrical permittivity model, 

which can be easily implemented in an FDTD algorithm. 

Although the Debye model is a special case of the Cole-

Cole model, using a Cole-Cole model will complicate 

greatly a dispersive FDTD algorithm. This is in addition 

to it being a model that does not accurately describe the 

linear dampening nature that the propagating waves 

experience in soils. The Debye model describes the 

dispersion relation for waves within the soil experiencing 

this relaxation. Papers like [11],[12] perform permittivity 

fits to determine the Debye coefficients for a variety 

of human tissues for frequencies up to 20 GHz, since 

human tissues behave in a similar manner to soils [4]. 

Thus, a similar analysis to the one presented in [11] can 

be used in this paper. In induction logging applications, 

low frequencies are desired to extend the distance that 

the wave will propagate through the soil. Therefore, the 

focus in this paper will be on frequencies up to 2 GHz. 

Given that soils are dispersive and their permittivities 

change as a function of frequency of the source wave, the 

electric field response will be different depending on the 

frequency content of said source wave. In the FDTD 

analysis, the Debye model is used to simplify the 

inclusion of dispersive soils by means of an auxiliary 

differential equation (ADE) [4]. The ADE will have an 

order equal to the number of desired terms in the Debye 

model. Since discretizing the ADE is required, keeping 

a low number of terms for the Debye fit will be 

computationally efficient. A model is adapted where the 

soils are dispersive and isotropic, so their electrical 

properties will change with frequency, but will not 

change as a function of the coordinate's direction at each 

point in the soil. The calculation of Debye coefficients 

can be used in any coordinate system since the assumed 

medium is isotropic. 
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Via a 2-step numerical solver, Debye coefficients 

for a range of soils containing different amounts of water 

content are calculated and tabulated in this paper. The 

accuracy of the fits presented by the Debye coefficients 

is shown for all soil types for two and three term 

expansions. On a practical application, soils have a 

noticeable water content, so soils with a 0% moisture 

content were disregarded. 

This paper is an extension of [7], as the method 

outlined in it has been improved to produce more 

accurate fits. Modifications on this developed method 

provide fits where having a higher number of poles 

becomes more relevant due to the higher accuracy 

produced. 

II. BACKGROUND ON THE DEBYE MODEL
Soils change the dispersion relation of the waves

propagating through them, which in turn alters their 

phase and group velocities. When entering soils, the 

dispersion model to be adapted is the Debye Model 

[11],[12]. This is due to how particles inside them 

experience a first order relaxation dampening force [10]. 

Much like it was performed in [11],[12], all analysis 

methods in this paper follow the same structure shown in 

them. The method adapted in this paper will also deal 

with the usage of attenuation values from a source wave. 

We initially begin with a relaxation differential 

equation describing the polarization of the arranged 

particles within the material [13]:  

   
0( ) ,s    P P E                     (1)

where τ is the relaxation time coefficient, ε∞ is the 

relative permittivity at high frequencies, and εs is 

the static permittivity. In (1), the time derivative term 

corresponds to the polarization rate of change of the 

particles. 

When dealing with waves entering the material, the 

response of the material is described by a non-linear 

polarization of the molecules containing different kth-

order susceptibility terms χ(k) the form of a Taylor 

expansion [10]: 
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Similarly, the electric field will adapt an expansion 

form similar to that in (2). Each higher order magnitude 

will have an associated different magnitude and is 

denoted by γ(k). To solve for the polarization state P, 

each polarization term will be associated with the 

corresponding electric field term having the same order. 

Therefore, inserting (2) into (1) and transforming to 

frequency domain, it is seen that the solution for each 

higher order term adapts the same form. A weighting 

coefficient Ak will rise from the nature of the Taylor 

coefficients as well as different relaxation terms τk for 

each term. Thus, the polarization state in frequency 

domain is given by: 
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With the use of the auxiliary D(ω) field, one can extract 

the relative permittivity of the medium in frequency 

domain. Thus, introducing now a pole weight given by
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   , the Debye permittivity model is 

introduced as: 
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When being compared to a non-dispersive medium, the 

Debye model differs by the following terms: 

 N : Number of terms in Debye model,

 ε∞ : Permittivity at high frequencies,

 Δεk : Pole weight,

 τk : Relaxation time.

III. FORMULATION AND TABULATION OF

DEBYE COEFFICIENTS 
To properly tabulate the Debye coefficients for a 

given medium, dielectric measurements are needed. That 

is, one needs the real and imaginary components of 

the electrical permittivity of the soils as functions of 

frequency. These values will be used on a two-step 

algorithm that will generate an algebraic expression as 

a function of frequency for the relative permittivity. 

The coefficients within said algebraic expression will 

correspond to the Debye coefficients. 

A. Formulation

For each associated frequency of an incoming

source wave, a complex function of the permittivity is 

given by: 

( ) .r j    (5) 

By having the set of permittivity values at each 

associated frequency, the MATLAB function invfreqs 

can make a rational expression for the set of permittivity 

values, given by: 
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The MATLAB residues function will decompose (6) as 

a multi-pole form similar to the form of (4), resulting in: 
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The permittivity form shown in (7) will make R be ε∞, 

the -rk/pk terms be Δεk, and the -1/pk be the τk terms, when 

compared with (4). 
 

B. Data processing for fitting algorithm 

Electromagnetic measurements of soils are obtained 

from [14], where the attenuation α and relative 

permittivity ε’ are measured for select values of 

frequencies. Two samples of soils are shown in Table 1. 
 

Table 1: Electromagnetic measurements of soils at various 

humidity moisture contents [14] 

Clay Loam 6% Moisture 

Frequency 

(MHz) 

Relative Dielectric 

Constant ε’ 

Attenuation 

(dB/cm) α 

300 5.667 0.283 

500 5.108 0.387 

1000 4.649 0.568 

2000 4.151 0.761 

4000 4.024 1.14 

9300 3.826 2.31 

Sand 8% Moisture 

Frequency 

(MHz) 

Relative Dielectric 

Constant ε’ 

Attenuation 

(dB/cm) α 

300 6.957 0.249 

500 6.792 0.278 

1000 6.708 0.335 

2000 6.533 0.535 

4000 6.425 1.27 

9300 5.854 2.86 

 

Within a lossy medium, there is an associated loss 

factor α that can be derived from Maxwell's equations 

[10]. This attenuation factor depends on the imaginary 

term of the permittivity ε”: 
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where after some algebraic manipulations, the imaginary 

term of the permittivity can be evaluated as: 
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where ε’ is the relative permittivity, and ω is the angular 

frequency. Table 1 shows how there are six data points 

for each associated soil. Fits were first performed using 

a polynomial interpolation on the data points but resulted 

in larger errors on 2 pole fits than 3 pole fits. This 

problem was no longer present when there was no 

interpolation performed on the original data points. The 

processing of the attenuation values in Table 1 made 

possible the creation of the frequency-dependent values 

described in (5). Similar fits for the remaining soil 

samples were produced to obtain a larger set of complex  

permittivity values. 

 

C. Results and determination of Debye coefficients 

A MATLAB algorithm was developed based off  

of the formulation described from (4)-(7). Fits were 

produced for one, two, and three terms for the soils used. 

Papers like [11] and [12] demonstrated the validity of 

using this range of terms for dispersive media following 

the Debye model. The fits shown in Figs. 1 and 2 were 

produced by the current algorithm for the soils shown in 

Table 1. 

Although all data ranged from 300 MHz - 9.3 GHz, 

all data was trimmed and fitted for 300 MHz - 2 GHz, 

since it is our range of interest for the application to be 

developed in the FDTD algorithm. 

 

 
 

Fig. 1. 2 pole Debye fit vs. interpolated data for clay 

loam 6%.  

 

Table 2: Two term Debye coefficients for clay loam 6% 

humidity 

ε∞ Δε1 Δε2 τ1 (ns) τ2 (ns) 

3.911 1.485 10.336 0.183 2.590 

 

 
 

Fig. 2. 2 pole Debye fit vs. interpolated data for sand 8%.  
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Table 3: Two term Debye coefficients for sand 8% 

humidity 

ε∞ Δε1 Δε2 τ1 (ns) τ2 (ns) 

5.863 0.895 29.667 0.047 6.531 

 

D. Tabulation of Debye coefficients for humidity-

varying soils 

The data for different types of soils was computed 

for one term, two terms, and three terms in the Debye 

expansion. Although it is desired to have fits for  

two poles to reduce the complexity of the ADE, it is 

necessary to compute fits with a higher number of poles 

to reduce the difference error as much as possible. Tables 

4 and 5 display the computed coefficients for various 

soils along with their respective maximum error 

differences in the complex permittivity. The difference 

errors were computed as: 
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Where εf
(χi) is the permittivity value from the fit points  

for either the real or imaginary part, and εd
(χi) is the 

permittivity value from the data points for either the real 

or imaginary part. Here, (χi) denotes which part of the 

permittivity is used, either the real or imaginary part. 

One pole fits produced maximum errors of 31%, so they 

were disregarded. 

Two pole fits produced errors ranging from  

0.23% to 19%. While the latter percentage may seem 

troublesome, this error generated was a singularity in the 

entire frequency range. That is, the fit produced accurate 

results except at one point. To testify the accuracy of the 

fit, the root-mean-square error (RMSE) was calculated 

for all fits. For instance, the fit producing a 19% error  

in ε” also has an RMSE of 0.054, which is marginally 

low. The RMSE values obtained for all soil fits ranged 

from 0.008 to 0.087 in both ε’ and ε”, respectively, thus  

showing that the 2 pole fits were accurate. As expected, 

three pole fits produced more accurate fits, as is seen in 

Table 5.  

Few values of Debye coefficients in both Tables  

4 and 5 are large or negative. While this may seem 

concerning, they are acceptable parameters to use on the 

FDTD algorithm. Large valued Debye coefficients were 

also seen in [11],[12],[15]. 

Some fits for three pole expansions produced 

complex coefficients. For every complex coefficient 

produced, there was a complex conjugate coefficient 

associated. That is, from Table 5, whenever Δε2 and τ2 

are complex, Δε3 = Δε3* and τ3 = τ3*. There is the case 

when this also holds true for Δε1 and Δε2 as well as  

τ1 and τ2. Although it may seem troublesome to have 

complex coefficients for the FDTD implementation, it  

is safe to use them because the ADE will be purely  

real once these coefficients are substituted in the 

corresponding updating equation. This is due to the 

linearity of the ADE produced by the Debye model and 

the complex conjugate pairs cancelling all imaginary 

components within the ADE. 
 

IV. CONCLUSION AND FUTURE 

REMARKS 
The Debye model is adapted to produce permittivity 

fits of humidity-varying soils. Adapting dielectric 

measurements as data to construct a set of complex 

permittivity values, fits were produced for the frequency 

range of 300 MHz - 2 GHz. Numerical fits were produced 

for one, two, and three poles, finding that two and three 

poles produced accurate fits. It was concluded that while 

producing a fit with a higher number of poles, there is a 

trade off by having a more complicated ADE to develop. 

A proper tabulation of the Debye coefficients for all soils 

encountered was produced for those seeking to use such 

coefficients. 
 

Table 4: Debye fit for humidity-varying soils (2-poles fit) [300 MHz - 2 GHz] 

Soil Type ε∞ Δε1 Δε2 τ1 (ns) τ2 (ns) 
Max % 

Error in ε’ 

Max % 

Error in ε” 

Sand 1% 2.958 0.155 1.080 0.112 1.544 0.376 9.562 

Sand 2% 2.915 -0.159 0.672 -0.295 0.600 0.534 11.677 

Sand 4% 3.854 0.240 15.966 0.110 6.400 0.755 3.358 

Sand 8% 5.863 0.895 29.667 0.047 6.531 0.227 2.831 

Sandy Loam 1.5% 3.168 0.989 -0.719 0.259 -0.559 4.339 15.930 

Sandy Loam 3% 3.154 0.802 -45.642 0.188 -30.193 2.572 6.393 

Sandy Loam 6% 4.172 1.638 31.021 0.196 5.013 1.275 2.189 

Silt Loam 2.5% 2.660 0.436 23.667 0.190 21.708 2.445 7.663 

Silt Loam 5% 3.243 1.286 52.499 0.221 22.123 1.909 1.925 

Clay Loam 1% 2.990 0.595 -0.262 0.352 -0.369 1.165 19.196 

Clay Loam 3% 2.700 0.389 2.166 0.124 1.221 0.522 4.859 

Clay Loam 6% 3.911 1.485 10.336 0.183 2.590 1.334 3.635 

Clay 1% 2.683 0.301 14.247 0.162 16.212 2.108 9.735 

Clay 3.5% 3.201 0.949 -3.378 0.264 -2.213 2.536 3.250 

Clay 7% 4.017 3.403 230.460 0.329 113.882 7.473 16.126 
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Table 5: Debye fit for humidity-varying soils (3-poles fit) [300 MHz - 2 GHz] 

Soil Type ε∞ Δε1 Δε2 Δε3 τ1 (ns) τ2 (ns) τ3 (ns) 
Max % 

Error in ε’ 
Max % 

Error in ε” 
Sand 1% 2.963 0.119 -0.035 0.673 0.094 -0.237 0.879 0.118 0.572 
Sand 2% 2.897 0.058 -0.079 1.105 0.098 -0.210 1.155 0.181 1.591 
Sand 4% 3.852 0.211 -0.422 5.267 0.097 -0.947 2.401 0.574 1.596 
Sand 8% 5.863 0.902 5.57+3.19i 5.57-3.19j 0.047 1.69+2.08j 1.69-2.08j 0.308 3.194 

Sandy Loam 1.5% 3.226 -0.174 0.437 1.955 -0.094 0.167 1.152 0.148 1.417 
Sandy Loam 3% 3.161 0.607 -0.167 1.954 0.163 -0.337 1.156 0.440 0.455 
Sandy Loam 6% 4.175 4.871 2.97-5.08j 2.97+5.08j 0.292 0.56+0.45j 0.56-0.450j 2.024 7.677 
Silt Loam 2.5% 2.679 -0.068 0.274 1.490 -0.149 0.155 1.116 0.196 1.274 
Silt Loam 5% 3.246 1.514 1.40+0.92j 1.40-0.92j 0.239 0.32+1.31j 0.32-1.31j 4.362 4.657 
Clay Loam 1% 2.977 0.133 -0.089 1.045 0.112 -0.142 0.948 0.181 1.488 
Clay Loam 3% 2.677 0.227 0.669 4.060 0.075 0.390 4.377 0.291 0.601 
Clay Loam 6% 3.915 6.626 -0.45-2.50j -0.45+2.50j 0.322 0.34+0.33j 0.34-0.33j 3.048 10.252 

Clay 1% 2.692 0.178 -0.064 1.074 0.116 -0.178 0.996 0.150 0.895 
Clay 3.5% 3.202 1.213 0.81+0.58j 0.81-0.58j 0.294 -0.055+1.10j -0.055-1.10j 7.010 2.661 

Clay 7% 4.098 
0.14 

+0.22j 
0.14-0.22j 8.062 

0.059 

+0.16j 
0.059-0.16j 0.998 2.882 9.492 

 

REFERENCES 
[1] Y.-K. Hue, “Analysis of Electromagnetic Well-

Logging Tools,” Dissertation, Department of 

Electrical Engineering, Ohio State University, 

2006. 

[2] F. L. Teixeira, W. C. Chew, M. Straka, M. L. 

Oristaglio, and T. Wang, “Finite-difference time-

domain simulation of ground penetrating radar on 

dispersive, inhomogeneous, and conductive soils,” 

IEEE Transactions on Geo-science and Remote 

Sensing, vol. 36, no. 6, Nov. 1998. 

[3] F. L. Teixeira and W. C. Chew, “Finite-difference 

computation of transient electromagnetic waves for 

cylindrical geometries in complex media,” IEEE 

Transactions on Geoscience and Remote Sensing, 

vol. 38, no. 4, pp. 1530, July 2000. 

[4] A. Z. Elsherbeni and V. Demir, The Finite-

Difference Time-Domain Method for Electro-

magnetics with MATLAB Simulations, Second 

edition, ACES Series on Computational Electro-

magnetics and Engineering, SciTech Publishing, 

an Imprint of IET, Edison, NJ, 2016. 

[5] S. Caldwell and C. McCoy, Monitoring Movement 

of the Saltwater Transition Zone Beneath the 

Virginia Eastern Shore by Electromagnetic (EM)-

Induction Logging, United States Geological 

Survey (USGS), 2019. 

[6] S.-C. Kong, “ADE-FDTD scattered-field form-

ulation for dispersive materials,” IEEE Microwave 

and Wireless Components Letters, vol. 18, no. 1, 

pp. 4, Jan. 2008. 

[7] A. Velasco, M. F. Hadi, A. Z. Elsherbeni, and J. E. 

Diener, “Debye coefficients for low frequency 

FDTD dispersive soils analysis,” 2019 International 

Applied Computational Electromagnetics Society 

Symposium - China (ACES), Nanjing, China, 2019. 

[8] O. P. Gandhi, B.-Q. Gao, and J.-Y. Chen,  

“A frequency-dependent finite-difference time-

domain formulation for general dispersive media,” 

IEEE Transactions on Microwave Theory and 

Techniques, vol. 41, no. 4, pp. 658-665, May 1993. 

[9] M. Loewer snd J. Igel, “FDTD simulation of GPR 

with a realistic multi-pole debye description of 

lossy and dispersive media,” 2016 16th International 

Conference on Ground Penetrating Radar (GPR), 

June 2016. 

[10] C. A. Brau, Modern Problems in Classical 

Electrodynamics, Oxford University Press, 2004. 

[11] M. A. Eleiwa and A. Z. Elsherbeni, “Debye 

constants for biological tissues from 30 Hz to 20 

GHz,” Applied Computational Electromagnetics 

Society Journal, vol. 16, no. 3, pp. 202, Nov. 2001. 

[12] M. Mrozowski and M. A. Stuchly, “Parameterization 

of media dispersive properties for FDTD,” IEEE 

Transactions on Antennas and Propagation, vol. 

45, no. 9, pp. 1438, Sep. 1997. 

[13] I. F. Almog, M. S. Bradley, and V. Bulovic,  

“The Lorentz Oscillator and its Applications,” 

Massachusetts Institute of Technology, Lecture 

Notes, Mar. 2011. 

[14] R. L. Jesch, “Dielectric Measurements of Five 

Different Soil Textural Types as Functions of 

Frequency and Moisture Content,” Electro-

magnetic Fields Division Center for Electronics 

and Electrical Engineering, National Bureau of 

Standards, October 1978. 

[15] F. Krewer, F. Morgan, and M. O’Halloran, 

“Development of accurate multi-pole Debye 

functions for electromagnetic tissue modelling 

using a genetic algorithm” Progress in Electro-

magnetics Research Letters, vol. 43, pp. 137-147, 

2013. 

 

VELASCO, ELSHERBENI, DIENER, HADI: DEBYE PARAMETERS OF HUMIDITY-VARYING SOILS 983



Andres Velasco received his B.S. 

degree in Engineering Physics from 

Colorado School of Mines, Golden, 

CO, United States, in 2020. He is 

currently pursuing his M.S degree  

in Electrical Engineering at the 

Colorado School of Mines. His 

research interests include wave 

propagation, dispersive materials, dielectric measure-

ments, and computational electromagnetics in cylindrical 

coordinate systems. 

 

Atef Z. Elsherbeni received an 

honor B.Sc. degree in Electronics 

and Communications, an honor 

B.Sc. degree in Applied Physics, 

and a M.Eng. degree in Electrical 

Engineering, all from Cairo 

University, Cairo, Egypt, in 1976, 

1979, and 1982, respectively, and a 

Ph.D. degree in Electrical Engineering from Manitoba 

University, Winnipeg, Manitoba, Canada, in 1987. He 

started his engineering career as a part time Software and 

System Design Engineer from March 1980 to December 

1982 at the Automated Data System Center, Cairo, 

Egypt. From January to August 1987, he was a Post-

Doctoral Fellow at Manitoba University. Elsherbeni 

joined the faculty at the University of Mississippi in 

August 1987 as an Assistant Professor of Electrical 

Engineering. He advanced to the rank of Associate 

Professor in July 1991, and to the rank of Professor in 

July 1997. He was the Associate Dean of the College of 

Engineering for Research and Graduate Programs from 

July 2009 to July 2013 at the University of Mississippi. 

He then joined the Electrical Engineering and Computer 

Science (EECS) Department at Colorado School of 

Mines in August 2013 as the Dobelman Distinguished 

Chair Professor. He was appointed the Interim 

Department Head for (EECS) from 2015 to 2016 and 

from 2016 to 2018 he was the Electrical Engineering 

Department head. In 2009 he was selected as Finland 

Distinguished Professor by the Academy of Finland and 

TEKES. Elsherbeni is a Fellow member of IEEE and 

ACES. He is the Editor-in-Chief for ACES Journal, and 

a past Associate Editor to the Radio Science Journal. He 

was the Chair of the Engineering and Physics Division 

of the Mississippi Academy of Science, the Chair of the 

Educational Activity Committee for IEEE Region 3 

Section, the General Chair for the 2014 APS-URSI 

Symposium, the President of ACES Society from 2013 

to 2015, and the IEEE Antennas and Propagation Society 

(APS) Distinguished Lecturer for 2020-2022. 

 

 

 

Joseph E. Diener received his 

Masters’ degree in Electrical 

Engineering from the Colorado 

School of Mines in 2017. Currently 

he is a Ph.D. student at the Colorado 

School of Mines studying Electrical 

Engineering. His research interests 

include finite difference time 

domain methods, antennas, microwave measurements, 

and phased arrays. 

 

Mohammed F. Hadi received the 

B.Sc. degree in Electrical Engin-

eering from Kuwait University, in 

1988, and the M.Sc. and Ph.D. 

degrees from the University of 

Colorado at Boulder in 1992          

and 1996, respectively. He was a 

Professor with the Electrical 

Engineering Department and an Associate Dean at 

Kuwait University until 2014. He was a Visiting 

Research Scholar with Duke University during 2007 to 

2008, and with the Colorado School of Mines from 2014 

to 2016. He was also an Adjunct Professor with the 

University of Colorado at Boulder from 2012 to 2018. 

He has been a Research Professor at Colorado School of 

Mines since 2016. Hadi was recognized as a Consulting 

Expert with the Kuwait’s Court of Appeals since 2007. 

He has over ten years of experience in governmental 

work and consultations in the areas of engineering 

training, higher education planning, and Kuwait’s labor 

profile studies. His current research interests include 

FDTD development for modeling electrically large 

structures as well as FDTD algorithm optimizations in 

curvilinear coordinates. Hadi served as a Board Member 

of the Kuwait Fund for Arab Economic Development’s 

prestigious National Engineers Training Program for 

several years. He held membership and chair positions  

in several high-level governmental inquiries at the 

Kuwait’s Ministries of Defense, Trade and Industry, 

Energy, and Higher Education, including the membership 

of Kuwait’s Private Universities Executive Office and 

the Counselor for the Minister of Trade and Industry.  

He also served on the Technical Program Committees  

for several conferences by the IEEE and the Applied 

Computational Electromagnetics Society. 

ACES JOURNAL, Vol. 35, No. 9, September 2020984



 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all odd numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top right
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20201021152132
      

        
     1
     1
     
     TR
     
     1
     1
     1
     0
     0
     979
     TR
     1
     0
     0
     435
     74
     0
     1
     R0
     8.0000
            
                
         Odd
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     126
     124
     91a1dd54-2cef-4208-99f4-48cf3fc7e367
     63
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: all even numbered pages
     Font: Times-Roman (unembedded) 8.0 point
     Origin: top left
     Offset: horizontal 43.20 points, vertical 26.64 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20201021152148
      

        
     1
     1
     
     TL
     
     1
     1
     1
     0
     0
     979
     TR
     1
     0
     0
     435
     74
    
     0
     1
     R0
     8.0000
            
                
         Even
         7
         AllDoc
         174
              

       CurrentAVDoc
          

     [Sys:ComputerName]
     43.2000
     26.6400
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0m
     Quite Imposing Plus 4
     1
      

        
     0
     126
     125
     06dc3ee9-b977-4d87-aa83-afc9fb2797a0
     63
      

   1
  

 HistoryList_V1
 qi2base





