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Abstract—Numerical methods in electromagnetics, coupled 

with faster computers have led to more complex and complex 
models. However, it must be remembered that these are 
models; and as models, they are purely representations of 

reality. In many cases these complex approaches can take 
several days to solve and, while really accurate, they fail to 
model the extremely complex components of an anechoic 

range. RF absorber is the most important of these components 
and it can be shown that it is in itself a very complex material 
that is not easily modeled without approximations. A simple 

approach that effectively “models” an anechoic room was 
presented in the past, and while its results may not be accurate 
like some of the other numerical methods, it provides the 

designer with a quick result that can help in making design 
decisions.  

Index Terms— Anechoic Ranges, Numerical Methods. 

I.  INTRODUCTION 

Numerical methods in electromagnetics have advanced 

incredibly in the past 20 years. This, together with faster and 

more powerful computers, has driven the design of 

electromagnetic devices to be driven by numerical models. 

Methods have become more complex and now they can 

solve both electromagnetic problems and the potential 

thermodynamic effects from the electromagnetic effects [1]. 

There are techniques that are better suited for the 

simulation of anechoic ranges. Full wave analysis 

techniques, such as FDTD and FEM methods, are very 

memory consuming and are limited to solving low frequency 

problems when the range is not extremely large in terms of 

wavelengths [2,3]. Methods involving shooting rays based 

on optics, such as the shooting and bouncing ray (SBR) 

method, are the best approach but they require other methods 

for computing the reflectivity of the RF absorber materials 

and the range antenna pattern [4].  

Hence, there are numerical techniques to solve anechoic 

range problems to estimate the prediction of the range, but 

that is their limitation - they are estimates. Since the anechoic 

range is a very complex environment, it is not possible to 

include every detail and some of these techniques are very 

time consuming as they require the absorber to be modeled 

over a wide range of frequencies and angles of incidence. 

Because of the time required to make a very complex model 

and the limitation of the model itself, sometimes a simple 

approach, such as the one presented in [5], is a good place to 

start. In this paper, we present some of the critical issues with 

RF absorber that can cause significant differences in the 

numerical results when simulating ranges.  

II. THE NATURE OF RF ABSORBER 

One of the main drivers for potential errors in the analysis 

of ranges is the most prominent component of an anechoic 

range - the RF absorber. This is especially the case for the 

common polyurethane foam absorber loaded with carbon, 

the most widespread material used for making RF absorber. 

This is basically due to economics, but also to its versatility 

for being able to cut it in wedges, pyramids and also to 

making it easy to fit into different geometries, such as 

tapered anechoic chambers [6]. RF absorber is 

manufactured to give a minimum performance for a given 

frequency range. Exceeding that performance is not a reason 

to reject the absorber. Additionally, this is a chemical 

process, that although is under control, there will be 

variations of permittivity inside a pyramidal absorber. 

Figure 1 shows the results of measuring the permittivity of 

51 samples on a coaxial line using the S21 parameter and 

the thickness of the sample to calculate the permittivity.  

It is worth noting the large variation between the samples. 

This is partly due to errors in the algorithm to solve for the 

permittivity and measurement uncertainty. The phase is 

critical for a good measurement of a lossy material and 

small changes on the cables and temperature of the set up 

can affect the measurement. Additionally, foam is flexible 

so it is not uncommon to press it and deform it inside the 

coaxial line. Even using methods that do not require a 

 
Figure 1. Results of permittivity measurements from a 

single sample of foam. 

This paper's copyright is held by the author(s). It is published in these proceedings and included in any archive 
such as IEEE Xplore under the license granted by the "Agreement Granting EurAAP Rights Related to 
Publication of Scholarly Work."



transmission line, such as using a sample of the foam and 

place it between two narrow beam antennas it is possible to 

end up with variation from sample to sample coming from 

the same piece of foam. Figure 2 shows a measurement 

conducted with a sample placed between two high 

frequency gain horns. As in the example in Figure 1, the 

S21 was measured in free space for 5 samples cut from the 

same foam. The samples where rotated and measured again. 

 

In the setup used to measure the transmission parameters 

to evaluate the permittivity, there is no deformation of the 

material as it rests on a sample holder between the two 

antennas. Hence, the differences we see are related to the 

solving algorithm and the material differences. The fact is 

that absorber is not homogeneous. The pores on the foam 

are not all the same size and are not located perfectly inside 

the foam. This lack of homogeneity applies to polystyrene 

based absorber as well [6], as it is clearly shown on Figure 3 

where the cell sized on the expanded polystyrene are not 

exactly the same size through the sample.  

Thus, the very basis of a numerical model for modeling 

an anechoic range may, from the start, have an error 

associated with the solution due to the uncertainty of the 

permittivity measurement and the inhomogeneous nature of 

the RF absorber. So what is the point of doing a very 

thorough model of a chamber without, from the very 

beginning, including the potential error due to these 

uncertainties in the measurement and the error from 

assumptions, such as assuming that the absorber is 

homogeneous? 

III. ABSORBER VARIATION DUE TO ITS INHOGENEOUS 

NATURE 

If the measured permittivity results are taken and the 

absorber is modeled assuming a homogeneous permittivity 

through the absorber, and it is simulated using the average of 

the permittivity and also the extremes, what are the potential 

differences in reflectivity? That is the question that needs to 

be answered in order to estimate of the uncertainty or 

potential error on the range simulations.  

Another set of five samples of foam were measured and 

the permittivity was computed. From the same batch of 

foam, a set of pyramidal absorbers were constructed being 

0.915 m in total height with a base of 0.15 m thick, and 

pyramids resting on that base having a height of 0.76m and a 

square base of 0.305 m per side. The absorbers were also 

solved using the FEM method and the FDTD methods from 

commercial software. The absorbers were assumed to be 

homogeneous, loaded with the different results measured for 

the permittivity. Figure 4 shows the results of this 

experiment. 

Figure 4 shows that at some frequencies, the computed 

variation due to using different permittivity values, as they 

were measured from the samples of the foam, can be as large 

as 7 dB. The measurements of the samples, a total of 24 

pieces of absorber, measuring 8 pieces at a time using a 

 
Figure 2. Samples of absorber foam measured in a free 

space set up. 

 
Figure 3. An expanded polystyrene (EPS) based 

absorber. 

 
Figure 4. Measured and computed results for 

normal incidence for pyramidal absorber. 
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coaxial reflectometer as described in [7] can be as large as 10 

dB, especially around nulls. The difference between the 

measured performance and the computed performance is also 

significant. Yet for those familiar with RF absorber 

modeling, they will recognize this as a fairly good match 

between measured and computed. Depending on how the 

absorber was manufactured, typically proprietary 

information of the manufacturer, the foam may dry in large 

blocks and then be cut, or it may be cut into the pyramidal 

shape prior to the impregnation with the lossy solution. Also, 

it may be manufactured by gluing rectangular slabs that are 

impregnated with the lossy solutions and then cut into the 

final shape. All these approaches will cause a different 

permittivity variation on the final pyramidal shape.  

For the sample illustrated in Figure 4, the model of an 

anechoic range simulated using the computed performance 

of the absorber may be performing worse than its 

performance when implemented at the 100 MHz range, yet it 

may be performing worse than the modeled performance at 

350 MHz range. 

IV. SIMPLE APPROACHES 

These are some of the limitations of the numerical 

modeling of anechoic ranges. Techniques may be evaluated 

in the future where the potential variation on the absorber 

performance is included into the simulation by means of 

Montecarlo analysis or other similar techniques that will look 

at the effects of the variation. The question to ask ourselves 

is, “Does performing these complex analyses provide a 

smaller uncertainty or error than using the simplified 

methodologies presented in [8]?”. The methodology in [8] is 

based on a polynomial approximation to the bi-static 

reflectivity of RF absorber [6]. The approach is a simplified 

geometrical optics (GO) approach. It has been shown [8] that 

the results are typically within 3 to 10 dB, as shown in the 

data on Table I, which it is a significant difference. However, 

it is an approach that provides a solution within seconds 

versus a several hour modeling with an accuracy that is 

dependent on the input information that is available. Table I 

shows the results for an anechoic range that is 7.01 m long 

by 3.35 m wide by 2.44 m high. The quiet zone is 0.91 m in 

diameter, except for 2 GHz where it was defined as 0.63 m 

diameter with a path length the distance from the range 

antenna to the center of the quiet zone, that is 5.18 m. 

TABLE I.  RANGE 1 OF REFERENCE [8] ANALYSIS AND 

MEASUREMENT  

Freq. 

(GHz) 

Range antenna 

directivity 

(dBi) 

QZ size 

(m) 

Measured 

reflectivity 

(dB) 

Calculated 

reflectivity 

(dB) 

1 5 0.91 -11.7 -10 

2 15.5 0.63 -30.5 -23 

4 9.5 0.91 -36.1 -31 

10 11 0.91 -40.6 <-50 

18 20 0.91 -50.7 <-50 

 

 

The approach is very basic but given the size of the room 

the angle of incidence on each of the surfaces can be 

estimated using trigonometry [6,8]. The polynomial 

approximation presented in [6] can be used to estimate the 

reflected ray level from each surface into the quiet zone. The 

reflected level from each surface can be added (in linear 

units) and the estimated reflected energy from each surface is 

obtain. The magnitude of the ray can be estimated from the 

pattern of the range antenna as described in [8]. This 

approach can be prepared in Excel or Matlab.  

It should be noted that we are comparing to the measured 

reflectivity, which was measured using the free space VSWR 

approach. That is the other side of the problem, and if we are 

to compare a measured quiet zone performance, the 

uncertainty of the measurement and the potential error of the 

numerical results should be accounted in the comparison. 

V. CONCLUSION 

While numerical methods can provide accurate results for 

an anechoic range problem, these results are only as valid as 

the data used in the input. The solution will only be valid for 

the assumptions done in the input data. It has been shown 

that due to the inhomogeneous nature of the RF absorber and 

the potential uncertainties when measuring the complex 

permittivity of the foam, errors as high as 10 dB are inherent 

to any numerical method solution for anechoic ranges. 

Simple, less complex approaches have been shown to give 

results that are already in that range. This does not include 

other sources of error in more complex models. It is expected 

that improvements in computer technology and innovations 

in numerical solutions can help with these issues, but the 

person doing any simulation of a range and the person 

receiving the results of that computation have to be aware 

that there is a potential error related to the assumptions when 

modeling the RF performance of absorber or for full wave 

analyses when input the permeability of the material used on 

the chamber.  
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