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Abstract 
 
An approach to study the scattering of a pulsed and 
spatially nonuniform field, by a set of dielectric cylinders, 
is presented. Cylinders are embedded in a semi-infinite 
medium and source field is impinging from an outside 
region. Source field is expressed through its space and time 
spectra, and solution is developed with the frequency-
domain Cylindrical Wave Approach, applied to a 
discretized spectrum of monochromatic plane-wave 
sources, with amplitude belonging to a Gaussian 
waveform. Time-domain dependence of the scattered field 
is reconstructed through an inverse Fast Fourier Transform. 
The method has interesting applications in the modelling of 
the scattering by inclusions, like small vessels or fibers, in 
biological tissues, for the diagnostic at THz and optical 
frequencies. Simulated radargrams provided useful 
information on the physical properties of the targets, and 
data useful for the understanding the image formation. 
 
1 Introduction 
 
The modelling of time-domain scattering by buried targets 
is a topic that received a lot of attention in the microwave 
frequency range, due to its applications in radar techniques 
for the analysis of subsurface targets [1], or in applications 
of breast cancer imaging [2]. Other interesting fields may 
be in in the terahertz or optical domain, where pulsed 
sources are used for the diagnostics of the internal 
structures of biological tissues through Optical Coherence 
Tomography (OCT) techniques [3]. Time-of-arrivals 
information, relevant to the scattered pulses, allows 
reconstructing the internal structures of the targets, in terms 
of size and permittivity.  Electromagnetic modelling of the 
scattered field has an important role in studying the image 
formation of the biological samples. Finite-Difference 
Time-Domain method is mainly employed as full-wave 
approach for the scattering by a pulsed source, being 
developed directly in the time domain [4]. The scattering 
solution is given in the form of an A-scan radargram, i.e., 
a one-dimensional plot of the scattered field intensity 
versus time, or scanning the source and the probe along a 
line, in a two-dimensional map, i.e., the so-called B-scan 
radargram. However, in the modelling of biological 
inclusions, the use of canonical shapes is a good 
approximation and allows a deeper insight to understand 
the mechanisms of interaction with a biological target.   An 
example of analytical approach is proposed in [5] for an 
infinitely long circular cross-section cylinder in free-space. 

In the presence of the background medium hosting the 
cylinder, the development of an analytical solution is more 
complicated, as the interaction of the scattered field, that is 
described through cylindrical functions, and the interface 
should be suitably dealt with. 
This paper presents an analytical-numerical approach for 
the scattering of a pulsed beam by circular cross-section 
targets, buried in a semi-infinite medium. The presence of 
the interface is considered and solved analytically through 
suitable reflected and transmitted cylindrical functions. 
The source of the scattering problem is a pulsed field non-
uniform in time and space, and cylindrical targets buried in 
a biological background are modelled [6]-[7]. Scattered  
fields are evaluated in the form of A-scan, or polar B-scans 
obtained probing the scattered field along a circumference 
surrounding the target. 
 
2 Theoretical approach 
 
A 2D scattering problem is considered (see Figure 1), 
where the source is a pulsed and spatially non-uniform field 
with origin in the x’z’-plane in medium 0 (vacuum 
permittivity ), impinging in TM polarization. Its general 
expression, in a reference frame xz, including time- and 
space-dependence, is evaluated at the interface with 
medium 1 (refractive index ) and given by: 
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In (1), s( ) is the spectrum of the source, around the central 
frequency 0, that is obtained from: 
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and  is the spatial spectrum, given by: 

 (3) 

 
Target is a dielectric circular cross-section cylinder of 
radius a, refraction index , and center in (h, d) in 
medium 1. The scattered field is probed around a 



circumference of radius  centered on the cylinder, and it 
is expressed through two contributions: a scattered field 

and a scattered-reflected field .  
Scattered fields are expressed through their spatial spectra, 
and the temporal waveform is obtained through an inverse 
Fourier Transform, as in (1). The plane-wave spectrum of 
a cylindrical wave is employed to the space dependence 
[6]: 
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From (4), the basis functions of the scattered field, i.e., 
cylindrical waves of m-th order, are defined: 
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Using (5), the space-dependence of the scattered field is 
expressed as 
 

qm  
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where qm are the expansion coefficients. 
Reflected-cylindrical functions are also introduced, 
employing the spectrum (4): 
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and are used as bass functions of the scattered-reflected 
field 
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3 Numerical results 
 
The approach presented in Section 2 can be applied to the 
modelling of cylindrical inclusions in biological tissues. 
The source field in (1) is modelled as a Gaussian beam with 
waist size w0 and center in (x0, z0) , having a spatial 
spectrum: 
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A Gaussian frequency spectrum is also assigned to the 
source field 
 

    (10) 

where  is the duration of the Gaussian pulse, which is 
related to the full-width half-maximum of the frequency 
spectrum  through  . 
In the numerical implementation, the CWA solution on the 
expression (1) is applied to a finite set of monochromatic 
plane waves, sampled in the frequency spectrum [7]. The 
temporal waveforms of the scattered fields are 
reconstructed through an inverse Fast Fourier Transform. 
Numerical results are presented in a tomographic 
geometry. The beam has waist size w0 = 5 m and is in 
normal incidence. A broadband light source is modelled, 
with  = 7.5 × 10-3 ps, around the central wavelength 0 = 
1300 nm, The target is a cylinder of refraction index nc = 
1.5, radius a = 10 m, buried in (30 m, 0) in a hosting 
medium of refraction index n1 =  1.4. 

 

Figure 1. Geomety of the scattering problem. 

 
Figure 3. Polar B-scan radargram. 

 
Figure 3. A-scan radargram at the receiver in  = 180°. 



The time-domain intensity of scattered field is probed at 
along a circumference of radius  = 80 m centered on the 
cylinder and plotted in the form of a polar B-scan in Fig. 2, 
where different scattering contributions are visible. They 
are visible also in the A-scan of Fig. 3, evaluated at the 
receiving point in  = 180°, where the labels A-B assigned 
to the pulses with strongest intensity correspond to: A) 
scattering from the frontside of the cylinder, and B) from 
its backside. The two weaker contributions, labelled with 
C and D, are relevant to the reflection of the contributions 
A and B at the planar interface. Information of the arrival 
times allows to reconstruct the size of the target, and 
distance from the interface. 
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