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Abstract: In this work, we study the attenuation characteristics of electromagnetic waves propagating through selected 

roofing sheets with lossy dielectric constant property. Wave equation relating the electromagnetic wave propagating through 

the materials was derived from Maxwell’s equations considering all the parameters enshrined in the propagation constant such 

as the permeability, permittivity and dielectric constant of the Material. The wave equation was solved using method of 

separation of variable in 1-D and 2-D. An expression for Fresnel formula that was used in analysis of the relative amplitude for 

both reflection and transmission coefficients for parallel and perpendicular modes of polarization behaviour of the propagated 

waves was derive by considering small change in the refractive index of the materials. From the results of analysis, it was 

observed that the relative amplitudes which represent attenuation characteristics of the propagated wave in the materials for 

different incident and transmitted angles varied according to polarization modes and materials. 

Keywords: Maxwell Equation, Electromagnetic Wave, Attenuation, Polarization, Propagation, Transmission,  

Dielectric Constant, Relative Amplitude, Analysis 

 

1. Introduction 

Various tools have been employed in studying and 

computing beam or field propagation in a medium with 

variation of small refractive index [1, 2] some researchers 

had employed beam propagation method based on 

diagonalization of the Hermetician operator that generates 

the solution of the Helmholtz equation in media with real 

refractive indices [3, 4], while some had used 2x2 

propagation matrix formalism for finding the obliquely 

propagated electromagnetic fields in layered inhomogeneous 

un-axial structure [5]. Structure such as optical fibres, optical 

wave guides in the presence of electro-optical perturbation 

[6, 7, 8]. However, earlier before the, work had been going 

on veraciously on study of wave propagation in a stratified 

media, plasma and ionosphere [9, 10]. 

Van Roey in his work derived a general beam propagation 

relation in a number of specific cases along with the 

extensive simulation of wave propagation in variety materials 

while Matsunga et al had worked on wave propagation 

through tunnels with analysis of the effect of shape of wall 

on electromagnetic wave propagating around a building [11, 

12]. 

Also, we have looked at the propagation of 

electromagnetic field through a conducting surface [2]. The 

behaviour of wave propagated through such material coupled 

with the influence of the dielectric function of the medium 

such on such material was analyzed. The effect of variation 

of refractive index of FeS2 had also been carried out [13]. A 

close look on the concept made it clear to recognize the 

importance of the effect of the refractive index of the 

medium in the reality of the two velocity components that 

normally give rise to phase and group refractive indices as 

considered study of wave propagation [14, 15, 16]. Wave 

propagation in a metalized crystal, spatially inhomogeneous 

material have been carried in one and dimensions whereby 

different parameters regarding the material media of 

materials were considered. [17, 18] 

Study of wave propagation through a modeled thin with 
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dielectric perturbation in which W.K.B approximation in 

conjunction with numerical approach were used has been 

carried out. [19, 20, 21]. Matsunga in their various works on 

propagation of waves in building expressed their experience 

on the wave propagating inside building and the source of it 

[11,] and he had gone further to study electromagnetic wave 

propagating around building as well [12] 

This work is based on a method that involves propagating 

an input field over a small distance through the roofing sheet 

medium and then by considering the small propagation 

distance as it relate to thickness of the material to analyze 

electromagnetic wave propagation through roofing sheets as 

it helps to understand the source of EM wave inside a 

building. In this case, we first derived Helmholtz Scalar wave 

equation from where the expression for the analysis of the 

profile of the field as it propagates in the medium is obtained. 

We also determine the transmission and reflection 

characteristics in terms of relative amplitude for various 

incidents and transmitted angles within the regions of 

electromagnetic wave spectrum with consideration given to 

the influence of the dielectric function on the propagated 

wave in the roofing sheets in conjunction with the 

polarization characteristic. 

2. Theoretical Procedure 

We consider Maxwell’s equations for linear isotropic 

homogeneous dielectric medium of the roofing sheet with 

negligible conductivity in which the time factor teω  is 

suppressed. Under this consideration, the Maxwell’s 

equations as regards the roofing sheet materials become 

0sE∇ =                                          (1) 

. 0sH∇ =                                         (2) 

s sXE Hµ∇ = −                                    (3) 

( )s sH i Eσ ωε∇ = +                               (4) 

Where µ  and ε  are permeability and permittivity of the 

material. Taking the curl of both sides of equation 3 with 

application of the vector identity and invocation of equation 

1 and 4 we obtain 

2 0s sE Eγ∇ − =                                 (5) 

that is known as Helmholtz’s equation in which γ  is the 

propagation constant given can be represented in the form 

2 ( )i iγ µ σ µε= +                                 (6) 

Based on the complex nature of equation 6, we write it as 

iγ α β= +                                        (7) 

With which equation (7), we obtain what relate , ,ε β  with 

µ  and σ. 

As 

1
22

1 1
2

µε σσ
ε

 
  = + −  
   

                  (8) 

And 

1

22

1 1
2

µε σβ
ε

  
   = + +       

               (9) 

Since the assumed to be propagating along z-axis, we now 

equate 5 as 

2 2 ( )[ ] 0z
xEγ∇ − =                        (10) 

With this, we now write thus 

2 2 2
2

2 2 2

z z z
z

E E E
E

x y z
γ∂ ∂ ∂

+ + −
∂ ∂ ∂

  =0           (11) 

Being the 3-dimensional aspect of the equation 

The solution of this equation using the method of 

separation of variable is of two forms 

( , ) cos( )z
x oE z t E e t zα ω β−= −             (12) 

and 

2

1 0

( , , ) 2 sin ( ) sin ( ) sin ( )

l

t

n

n x n y
E x y t f x dx f y dy e n x y

l

γπ π π
ω

∞
−

=

 
 = + +
  

∑ ∫                                       (13) 

Where ze σ−  is the attenuation factor in Nepers per meter 

(Np/m) since σ  may not be completely ignored as it may be 

conductive in minute level. 

Considering the refractive index of the material, the 

Helmholtz equation solution becomes 

( ) ( ) expx o oE z E z i n zβ= − ∆                       (14) 

Where n∆  denotes change in refractive index of the 

material 

Fourier transforming equation (13) gives 

2
2 2

2

( )
2 o

o o o o

EE z
in E n E

zz
ν β

′∂∂ ′ ′= − + ∂
∂∂

⌢

           (15) 

oE′  and n∂⌢  denote the transform. oE , 2n∂⌢  denote 

convolution while ν is the spatial frequency. 

The discretized counterpart of equation (14) is of the form 
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2 2 o o o oin k E ME ∇ − =                      (16) 

Where ( , )o oE E zν′ ′=  and 

2 2 2
1, 2( .... )N oM Diag v Dν ν β= −  

N represents the number of discretized points. With this in 

mind, the formal solution to the differential matrix equation 

(15) for forward propagating wave becomes 

( , ) exp( 2 ) ( , )E z i S E zν ν′ ′= −                  (17) 

where
1

2 2 2( )o oS n k I M= − . I and S are the identity and 

Hermitian matrix respectively which can be diagonalized by 

using unitary matrix of its eigenvector as 

†
dn Sn S=⌢ ⌢

                                   (18) 

Finally, the solution of the Scalar Helmholtz equation 

becomes 

†( , ) exp( 2 ) ( , )dE z n i S n E zν ν′ ′= −⌢ ⌢

               (19) 

exp( 2 )di S−  can be used for the deduction of the 

expression of matrix relation in the case of normal and 

oblique incident for wave in the isotropic medium. 

In order to analyze the behaviour of the wave as it 

propagates through the material’s medium, we assume the 

medium to be uniaxial in which the optical axis is arbitrarily 

oriented in space of a cartesian co-ordinate system whose 

components depend on the thickness of the material which is 

assumed to be in line with the working co-ordinate. In 

principles it is considered that the structure of this nature is 

invariant in the direction of propagation and as such the field 

shape at the end of the propagation distance is visualized. 

Once the incident field is prescribed, in this case we neglect 

all the influence of reflection on the transmitted wave in 

order to enable us analyze the propagated wave profiles 

without the influence of reflected wave. (Ugwu et al 2012) 

For the analysis, of them propagating wave in the material, 

we assume the material to have a negligible conductive 

characteristic, with the a dielectric constants ε  independent 

of propagation distance within the layer of the medium which 

is visualize to be invariant in its optical parameters base on 

the solution of equation (11)., we can consider special case of 

Jones Matrix and isotropic medium with reference to normal 

incidence wave in an isotropic medium 

cos sin
( )

sin cos

i i

i i

S z
θ θ
θ θ

− 
=  
 

                        (20) 

This represents Jones Matrix at normal incidence which 

can be extended to oblique incidence as well. 

Base on the interfacial reflection which is unavoidable 

during propagation in the first medium, not withstanding its 

negligence in the onset of the derivation, matrix is introduced 

on the Fresnel Formulae to enable us consider the influence 

of the interfacial reflection. 

1 1

1 1

2 1

2

cos sin
( , )

sin

n n

z
n n

E x E
E z o

E y E

θ θ
θ

   
= =   
   
   

           (21) 

Also by considering the interfacial reflection into the 

second isotropic medium which is roofing sheet with 

refractive index, 2n  the transmission matrix for incident 

wave from the first medium with refractive 1n  can be written 

as 1 2( , )T n n  

Invariably this is expressed as 

11 1 2
1 2

22 1 2

( , 0
( )

0 ( , )

T n n
T n n

T n n

 
=  
 

           (22 

Where 11T  and 22T  are the Fresnel formulae for the 

components that are parallel to and the components that are 

perpendicular to the plane of incidence (Ugwu et al 2012) 

respectively which are given as 

1 2
11 1 2

2 1 1 2 2

2 cos
( , )

cos cos cos

n
T n n

n n

θ
θ θ θ

=                  (23) 

1 1
22 1 2

2 1 2 2

2 cos
( , )

cos cos

n
T n n

n n

θ
θ θ

=                       (24) 

With this term we obtain the relative amplitude of the 

waves which is the wave amplitude in the medium of the 

material as a function of the initial amplitude of the 

propagating waves we consider two expected polarization 

modes that would generally be experienced as the wave 

propagates. 

In 2-D the solution of the plane of propagating through the 

material can be spelt out as 

( , , ) ( ) ( ) ( )zE x y z X x Y y Z z=                       (25) 

2

( , , ) cos sin cos sin tE x y t p x Q x U y V y e
c c c c

λλ λ λ λ ε −   = + +   
   

                                          (26) 

1
0

( , , ) 2 sin ( ) sin ( )

l
x

n

n yn xE x y t f x dx f y dy
l

ππ
ω=

 
 = +
  

∑ ∫                                                 (27) 
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2 2

2

2 2

2
( . )

( )

n
x y

l

π ελ
ω σρ

=
+

 

Where n = 1, 2, 3, 

3. Results / Discussion 

Fig. 1, 2 and 3 represent one dimensional wave profile for 

aluminum roofing sheet while fig. 4, 5 and 6 are that of Zinc. 

Fig. 7, 8 and 9 represent that of asbestos. Two dimensional 

profiles are pictured in figures 10, to fig 16. From the general 

observation, it is seen that that the attenuation factor as 

enshrined in the equation 12a and 12b affected the behaviour 

of propagated wave profiles for the entire roofing sheets 

though there were no clear distinct characteristic as displayed 

by the profiles of different sheets for both 1-D and 2-D cases. 

For Transmission and reflection characteristics which is 

the main part of the analysis that would showcase the 

attenuation characteristic nature these materials, change in 

the refractive index of the material was involved in the wave 

equation in order to enable the discretization representation 

of Fourier transformed Helmholtz equation for the purpose 

for the purpose of obtaining the Hermitician matrix which 

was used generate expression for the Transmission matrix for 

the incident wave from the first medium, 1 2( , )T n n  which 

invariably involves Fresnel formula that that is that main tool 

for the analysis of the relative amplitudes, transmission, 

reflection and the polarization characteristics of the 

propagated wave. From the tables; table 1, 2 and 3 which 

represent the data for all these parameters for Zinc, asbestos 

and aluminum where relative amplitude behaviour and 

polarization modes were displayed, it was seen that the 

relative amplitude for transmitted wave in parallel mode, IIT  

for zinc roofing sheet is highest when compared to aluminum 

and asbestos for the same incident and transmitted wave 

apart from 90
o

incident angle where they all have the same 

value. Invariably, in the case of reflection, the relative 

amplitude for both parallel and perpendicular modes of 

polarization appeared to be highest for aluminum followed 

by zinc roofing sheet. However, it is noted that for the 

transmitted wave in case of perpendicular polarization modes 

all the relative amplitudes for all the incident and transmitted 

angles are negative 

 

Figure 1. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Aluminum. 

 

Figure 2. Graph of E(x,t) as a function of position(x) when the thickness is 

0.5mm for Aluminum. 

 

Figure 3. Graph of E(x,t) as a function of position(x) when the thickness is 

0.1mm for Aluminum. 

 

Figure 4. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Zinc. 

 

Figure 5. Graph of E(x,t) as a function of position(x) when the thickness is 

0.5mm for Zinc. 

 

Figure 6. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Zinc. 
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Figure 7. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Asbestos. 

 

Figure 8. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Asbestos. 

 

Figure 9. Graph of E(x,t) as a function of position(x) when the thickness is 

0.9mm for Asbestos. 

 

Figure 10. Graph E(x,y,t) as a function of position (x,y) when thickness is 

0.9mm for aluminum. 

 

Figure 11. Graph E (x, y, t) as a function of position (x,y) when thickness is 

0.5mm for aluminum. 

 

Figure 12. Graph E(x,y,t) as a function of position (x,y) when thickness is 

0.1mm for aluminum. 

 

Figure 13. Graph E(x,y,t) as a function of position (x,y) when thickness is 

0.9mm for zinc. 
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Figure 14. Graph E(x, y, t) as a function of position (x,y) when thickness is 

0.1mm for zinc. 

 

Figure 15. Graph E(x, y, t) as a function of position (x,y) when thickness is 

0.9mm for asbestos. 

 

Figure 16. Graph E(x, y, t) as a function of position (x,y) when thickness is 

0.5mm for asbestos. 

Table 1. The relative amplitude for transmission and reflection co-efficient 

for different incident and Transmitted angles for Zinc roofing sheet. 

iθ  tθ  11T  11R  T⊥  R⊥  

00 00 0.489 1.489 0.000 1.489 

150 9.50 0.497 1.466 -0.032 1.481 

300 18.60 0.523 1.391 -0069 1.454 

450 270 0.572 1.248 -0.182 1.396 

600 330 0.661 0.989 -0.430 1.269 

750 36.90 0.800 0.583 -1.015 0.971 

900 38.10 1.000 0.000 -2.916 0.000 

Table 2. The relative amplitude for transmission and reflection co-efficient 

for different incident and transmitted angles for asbestos roofing sheet. 

iθ  tθ  11T  IIR  T⊥  R⊥  

00 00 0.373 0.687 -2.191 0.687 

150 9.50 0.382 1.354 -0.014 1.364 

300 18.60 0.411 0.645 -0.063 1.338 
450 270 0.468 0.583 -0.165 1.269 

600 330 0.572 0.468 -0.384 0.937 
750 36.90 0.743 0.282 -0.867 0.829 

900 38.10 1.000 0.000 -2.191 0.000 

Table 3. The relative amplitude for transmission and reflection co-efficient 

for different incident and transmitted angles for Aluminum roofing sheet. 

iθ  tθ  11T  11R  T⊥  R⊥  

00 00 0.544 2.000 0.000 1.544 

150 9.50 0.552 1.520 -0.016 1.537 

300 18.60 0.575 1.439 -0.071 1.512 

450 270 0.620 1.286 -0.189 1.458 

600 330 0.701 1.014 -0.453 1.338 

750 36.90 0.825 0.591 -1.093 1.047 

900 38.10 1.000 0.000 -2.978 0.000 

4. Conclusion 

From this study, it is observed that electromagnetic wave 

propagating through the roofing sheets is found to have the 

same behaviours in their profile displayed in both 1-D and 2-

D characteristics. In the case of the relative amplitudes for 

both the transmission and reflection co-efficient, it observed 

that they depicted different characteristic which should be as 

a result of their different in their material properties such 

conductivity/ dielectric constants. Zinc and Aluminum 

displayed higher transmission co-efficient than the asbestos 

for parallel mode of polarization implying that higher 

quantity of the propagating electromagnetic wave is 

transmitted in the house. Though with higher reflection co-

efficient, the inner room of a house roofed with any of this 

roofing sheet is relatively hotter when compared with that of 

asbestos whose dielectric property acts as a 

polarizer/analyzer and as such will attenuated the polarized 

transmitted wave depending on the state of the polarized 

wave. Though now there may be still strayed wave 

propagating inside which invariably make the room still 

warm, which is due to the fact that some types of state of 

polarization is not completely exterminated which may be 

relatively smaller in the case of asbestos than in other two 

roofing sheets and this is why asbestos is till preferred in 

roofing of a house than zinc and aluminum. 
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