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The purpose of this work is to study the attenuation of electromagnetic waves in the megahertz range 

(1 – 1250 MHz) in liquid foam structures. We consider issues related to shielding electromagnetic sources 

and reducing the visibility of metal objects from radar detection and tracking in this range, since such 

problem is poorly researched. A method of measuring the attenuation of foam structures in segments of 

strip lines of this range is proposed. Measurements are carried out using an experimental setup based on a 

vector meter and an original strip cell of samples of foam structures with different foaming ratios in the 

ranges of 13 – 15, 28 – 30, and 50 – 51 units for different foaming agents. The dependencies of foam 

attenuation on frequency and the dependence on salt additives with concentrations of 1%, 4%, and 6% are 

found. 
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1. Introduction 

The usual characteristics of foam formations at sea were widely known to people whose 

lives related to the sea. But only in 1955, G. F. Williams [1] published an article that drew the 

attention of scientists to an extraordinary new effect of foam formations. Thus, when the 

wind speed increased more than 7 meters per second, it increased emissivity of the sea 
surface in an ultra-wide range of frequencies compared to the surface of clean water. This 

effect depended entirely on the amount of foam formed. 

This publication opened a new direction of scientific research. It focused on remote 
studies of the emissivity of the surface of seas and oceans in the ranges of electromagnetic 

waves with the help of aircraft, space vehicles and laboratory research. 

After the first publication, many others were appeared, but we would like to dwell on 
only some of them. Thus, A. Stogryn in 1971 published material on the emissivity of sea 

foam at microwave frequencies [2], M. D. Anguelova, P. W. Gaiser, and V. Raizer [3] in 

2009 considered the issue of foam emissivity models for microwave observations of oceans 

from space. 
V. Raizer in 2012 [4] and in 2013 [5], considers scattering models in sea foam. R. Jiang, 

P. Xu, K.-S. Chen, S. Tjuatja and X. Wu [6] in 2018 also addressed the issue of microwave 

scattering by wind-blown foam on the ocean surface. 
In 2019, M. D. Anguelova and M. H. Bettenhausen published a very significant results 

of research  [7], which summarized the achievements of many years of research performed on 

the modern material base. 

In 2020 in [8], the emissivity of the foam layer was simulated at different wind speeds 
and frequencies by X. Huang, S. Tjuatja, Z. Wang and J. Zhu. The considered model of 

incoherent multiple scattering showed better correlation at frequencies of 36.5 GHz and 

6.9 GHz at wind speeds from 5 m/s to 30 m/s. 
The results of very important research on nondestructive testing of the space shuttle 

external tank foam insulation using near field and focused millimeter wave techniques were 

published in [9, 10] under the leadership of S. Kharkovsky. These results of research and 
many others were continued with the use of holographic subsurface radar for nondestructive 

testing [11-13]. 

Very voluminous studies were reflected in paper [14]. The results of these experimental 

studies refer to the dielectric properties of water foam samples in a very wide microwave 
range of 2.5 – 3.5, 5.6 – 8.3, and 8 – 12 GHz.  
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In these experimental studies reflected in [15], calculations of ε and tgδ were performed 

based on the characteristics of VSWR and attenuation of electromagnetic waves in the 
corresponding samples of foam structures that filled the cross section of the waveguides. 

In recent years, instead of natural foams, more and more research are being conducted 

on artificial foam structures. Thus, in publication [16], great attention was paid to the study of 
the electrical characteristics of polyurethane foams. 

The aim of paper [17] was to investigate the effect of the foam layer on the propagation 

of microwaves at 6 and 26 GHz depending on the diameter of the bubbles, the foaming ratio 

of the foam layers and the properties of the material. 
Using the radar measurements [18] in millimeter range, the reflection from the foam 

surface was studied. It was found that the finer the foam, the stronger the reflection from the 

surface of the foam, but the weaker the reflection from the surface of the liquid with a layer 
of foam. 

The article [19] can be called one of the first works on the study of foam structures in a 

biconical resonator It considers two ways of turning on a biconical resonator. This is when 

the biconical resonator is included in the measurement schemes in the cases of "transmission" 
and "reflection" to determine the possibility of studying the characteristics of foam structures 

in stationary and dynamic conditions. 

 The latest publications [20-22] published the results of scientific research in the 
millimeter range. A multi-frequency method with the implementation of the Fourier 

holographic principle [23, 24] was used. The measurements showed that the reflection of 

electromagnetic waves from a layer of foam structure placed on a metal substrate was very 
small. This demonstrated the possibility of masking metal objects with a foam layer. 

The purpose of our study is to measure the attenuation value of foam samples with 

different foaming ratio β from 10 to 85 and with the addition of 1, 4 and 6% salt in the 

frequency range from 1 to 1250 MHz. 

2. The foam samples and experimental cell for research 

Foam samples for research were prepared on a foam generator with grids. The last 

grid corresponded to the required average bubble diameter. The foaming ratio of the foam 

was established using the necessary consumption of foaming liquid and gas (Fig. 1). 
To conduct experimental research, a standard vector analyzer of the P4-11 type was 

used, for which a measuring cell of the segment of a symmetrical strip line shown in Fig. 2 

was made. The measuring cell consisted of coaxial-strip junctions 1; strip line 2; contact for 
measuring foam resistance 3; plexiglass compartment for photography 4. 

 

  
Fig.1. Foam sample. Fig. 2. Measuring cell. 
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The foaming liquid, which passed alternately through all the grates with the help of a 

gas jet, creates at the output of the foam generator foam of the required dispersion with an 
average foam dispersion of 0.1 – 1 mm (Fig. 1). Before starting the measurements, the 

foam generator was calibrated according to the foaming ratio of the obtained foam. The 

samples of foam structures were prepared at room temperature. 

3. Experimental results 

From the test study (Fig. 3) it can be seen that the attenuation in the empty cell is             

–0.6...–0.8 dB in the entire frequency range. This indicates a fairly high quality of the 

manufactured cell for measurements. The comparison of electromagnetic wave attenuation in 
distilled water with attenuation in soluble foam-forming substances in distilled water shows 

that up to 400 MHz, the attenuation values are almost negligible, and after 400 MHz 

molecules of surface-active foam-forming substances reduce the attenuation by several 

decibels compared to pure distilled water. 

 

 
Fig. 3. Attenuation degree values for: ∆ - dry cell; ─ - distilled water; ○ - foaming agent in water. 

 
Figures 4 – 7 show the results of experimental measurements of the dependence of the 

foam attenuation when using different foaming liquids: PO-1, PO-2, PO-3, PO-4, which 

differ in the concentration of surface-active substances from 1 to 4 percent, respectively, in 
distilled water. The foam samples have a foaming ratio β of the following values: □ - β = 13 – 

15, ∆ - β = 28 – 30, : ○ - β = 50 – 51 units. 

Figures 4 – 7 show the amplitude-frequency characteristics of electromagnetic wave 

attenuation on a symmetrical strip cell filled with foam samples of different foam densities. 
The lowest curve corresponds to the smallest foaming ratio β = 13 – 15 units, the middle 

curve corresponds to the foaming ratio β = 28 – 30 units, and the upper curve corresponds to 

the largest foaming ratio β = 50 – 51 units. 
In all figures, except 6, the curves have the appearance of clearly resonant curves. The 

different curves of indicated figures have the largest attenuation in the regions of 450, 500, 

and 650 MHz, respectively, and the minimum attenuation in the regions 1 – 200 and 850 – 
1200 MHz. In Fig. 6 the curves have the appearance of a transitional character, which 

indicates a non-sharp, but smooth dependence of the attenuation on the foaming ratio, which 

gradually shifts in frequency. 

It can be seen from Fig. 4 that the attenuation values for PO-1 with a foaming ratio β = 
13 – 15 units are in the range of –1...–4.8 dB, with a foaming ratio of β = 28 – 30 units – 

within the range of –0.75...–3.25 dB, and with a foaming ratio β = 50 – 51 units – from –0.6 
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to –2.25 dB. That is, the higher the foaming ratio, the less the electromagnetic wave 

attenuation. 
 

 
 

Fig. 4. Wave attenuation as a function of frequency for a foam sample based on PO-1 foaming 

agent. The foaming ratio β has the following values: □ - β = 13 – 15, ∆ - β = 28 – 30, 

 ○ - β = 50 – 51. 

 

It can be seen from Fig. 5 that the attenuation values for PO-2 with a foaming ratio  
β = 13 – 15 units are in the range of –0.8 ... –3.9 dB, with a foaming ratio β = 28 – 30 units – 

within the range of –0.6...–2.4 dB, and with a foaming ratio β = 50 – 51 units – from –0.5 to  

–1.65 dB. That is, the higher the foaming ratio, the less attenuation of the electromagnetic 
wave in this case also. 

 

 

 
Fig. 5. Wave attenuation as a function of frequency for a foam sample based on PO-2 foaming 

agent. The foaming ratio β has the following values: □ - β = 13 – 15, ∆ - β = 28 – 30, 

 ○ - β = 50 – 51. 
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It can be seen from Fig. 6 that the attenuation values for PO-3 with a foaming ratio 

β = 13 – 15 units are in the range of –0.55...–2.25 dB, with a foaming ratio β = 28 – 30 units – 
within the range of –0.48...–1.5 dB, and with a foaming ratio β = 50 – 51 units – from –0.3 to 

–1.2 dB. That is, the higher the foaming ratio, the less attenuation of the electromagnetic 

wave. It is an important law for a foam.  
 

 
 

Fig. 6. Wave attenuation as a function of frequency for a foam sample based on PO-3 foaming 

agent. The foaming ratio β has the following values: □ - β = 13 – 15, ∆ - β = 28 – 30, 

 ○ - β = 50 – 51. 

It can be seen from Fig. 7 that the attenuation values for PO-4 with a foaming ratio 

β = 13 – 15 units are in the range of –1.35 ... –5.8 dB, with a foaming ratio β = 28 – 30 units –
within the range of –0.8... –3. 4 dB, and with a foaming ratio β = 50 – 51 units – from –0.5 to 

–2.2 dB. 

 
 

Fig. 7. Wave attenuation as a function of frequency for a foam sample based on PO-4 foaming 

agent. The foaming ratio β has the following values: □ - β = 13 – 15, ∆ - β = 28 – 30, 

 ○ - β = 50 – 51. 

In Fig. 8, 9, and 10 the dependences of wave attenuation on frequency are shown for 

agent PO-4 at different foam ratios β (ratio ranges from 10 to 15, from 30 to 35, from 50 to 

55, and from 80 to 85 units) with the addition of 1, 4 and 6% salt. 
From Fig. 8, it can be determined that the amplitude-frequency characteristic of the 

attenuation of the foam sample with a foaming ratio β from 10 to 15 units in the range from 1 

to 1250 MHz is within –3.5…–7.0 dB. 
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For a higher foaming ratio of the foam sample (from 30 to 35 units), the amplitude-

frequency characteristic of the attenuation is already in the range from –2.5 to –5.4 dB. That 
is, with an increase in the foaming ratio of the foam, the damping decreases. 

At the increase of the foaming ratio of the sample to values from 50 to 55 units, the 

amplitude-frequency characteristic of the attenuation proves  to be in the range of –1.8…       
–4.2 dB. That is, with a further increase in the foaming ratio of the foam, the absolute value 

of the damping continues to decrease. 

Finally, for the largest foaming ratio of the foam sample from 80 to 85 units, the 

attenuation value decreased to –1.5…–2.7 dB. 
We can draw a general conclusion that for the addition of 1% of salt to the foam 

structure, the electromagnetic wave attenuation in it increases with increasing frequency for 

all foaming ratio ranges, but the dependence on the foaming ratio of the foam is inverse: the 
lower β, the greater attenuation growth (it reaches –7 dB), and for higher foaming ratio, the 

attenuation value barely reaches –2.7 dB per measuring cell length of 35 mm. 

 

Fig. 8. Wave attenuation as a function of frequency for a foam sample based on PO-4 with the 

addition of 1% salt at foaming ratio β values: □ – 10 – 15, ∆ – 30 – 35, ○ – 50 – 55, ▬ – 80 – 85. 

 

 
 

Fig. 9. Wave attenuation as a function of frequency for a foam sample based on PO-4 with the 

addition of 4% salt at foaming ratio β values: □ – 10 – 15, ∆ – 30 – 35, ○ – 50 – 55, ▬ – 80 – 85. 
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Fig. 10. Wave attenuation as a function of frequency for a foam sample based on PO-4 with the 

addition of 6% salt at foaming ratio β values: □ – 10 – 15, ∆ – 30 – 35, ○ – 50 – 55, ▬ – 80 – 85. 

 

In other words, adding 1% of salt to the foam structure increases its electrical 
conductivity for all foaming ratio ranges, and the maximum attenuation of –7 dB (Fig. 8) is 

achieved at the minimum foaming ratio. With the addition of 4% salt, the electrical 

conductivity of the foam increases even more, and even at the minimum foaming ratio, the 

maximum attenuation value of –18 dB is reached (Fig. 9). With the addition of 6% salt, the 
maximum attenuation already reaches the value of –20 dB (Fig. 10). That is, to obtain large 

attenuation values, it is necessary to create foam with a low foaming ratio and add substances 

that sufficiently increase its electrical conductivity (for example, using salt). 

4. Conclusions 

From the analysis of the results obtained because of numerical modeling, it is possible to 

determine the sensitivity of dimming, the addition of distortions in the dimming frequency, 

which can affect the generator, the transient attenuation of the signal, the number of points of 
dimming, and verify the value of the signal with theoretical models. 
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