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1. Introduction 

The authors have proposed that it is possible to neutralize coronavirus disease 2019 
(COVID-19) using radio frequency (RF) energy transmitted remotely, such as from 
a radar. To begin investigating this possibility, the authors conducted a review of 
openly published literature pertaining to viruses illuminated (and often destroyed) 
by RF. This memorandum report summarizes that body of literature. 

2. Literature Review 

The literature relevant to neutralizing viruses follows this general progression: 

• consider illumination by acoustic waves, 

• study vibrations in virus particles by modeling them as spheres, 

• observe real virus samples illuminated by acoustics, 

• consider illumination by microwaves (RF radiation), 

• measure the destruction of real virus samples heated by microwaves, 

• observe the conversion of energy between microwave-RF and acoustic 
vibrations, 

• measure the destruction of viruses caused by microwave-acoustic coupling, 
and 

• develop an apparatus for destroying aerosolized viruses, 
focusing on frequencies above conventional microwave-oven frequencies. 

Open literature assumes that viruses harmful to humans generally have a spherical 
shape. (The next most popular model for a virus’s shape is a cylindrical rod.)  
Absorption of acoustic energy by spherical particles is very frequency dependent.  
The seminal paper used to understand the behavior of vibrating spherical particles 
was published in the late 1800s.1 Using the classic (“elastic sphere”) model and a 
slightly more sophisticated one (the “liquid drop”), estimates of acoustic-resonant 
frequencies for a dozen different materials were calculated.2 Estimates of such 
frequencies specifically for viruses—assuming that their elastic properties closely 
match those of a lysozyme protein crystal (a commonly used mechanical model for 
virus particles)—were calculated shortly thereafter.3 

After mathematically deriving how a spherical particle embedded in a uniform 
surrounding medium deforms when acoustic energy is applied, Talati and Jha4 
comment that a spherical virus particle’s “breathing mode” (radially inward-and-
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outward vibration) could be excited to ultimately destroy a sample of that virus. 
Meanwhile, experiments performed on the Satellite Tobacco Mosaic Virus 
indicated that real viruses do not behave according to the lysozyme-protein 
assumption5 because the speed of sound in a real virus is very different from the 
speed of sound in a lysozyme crystal. 

Along a different line of discovery, researchers found that airborne bacteria may 
be destroyed by bombarding them with RF energy at commercial-microwave 
frequencies (i.e., 2.45 GHz). One team of scientists destroyed samples of Bacillus 
Subtilis and Pseudomonas Fluorescens by piping the aerosolized bacteria through 
a commercial microwave oven via holes drilled into its sides with tubes running in 
and out.6 This same group modified its experimental apparatus and successfully 
destroyed bioaerosols including fungi7 and the MS2 Bacteriophage virus.8 A 
similar experiment demonstrated the destruction of an aerosolized version of  
E coli.9 

Another research group destroyed E coli by placing stationary samples (suspended 
in a broth) inside of a (traditional rotating-plate) microwave for up to 30 s.10 Yet 
another group destroyed Hepatitis C and Human Immunodeficiency Virus-1 in the 
same manner.11 Measurements taken while destroying E coli12 and Lactobacillus 
Casei13 indicated that these viruses are destroyed (at 2.45 GHz) primarily by heat; 
in other words, just as many viruses may be destroyed by heating them with a 
conventional oven rather than using a kitchen microwave. Also, the apparatus for 
destroying aerosolized viruses is far more efficient than the apparatus used to 
destroy viruses suspended in water or another form of broth, because a large portion 
of the microwave energy incident on the suspended virus is lost to heating the 
water/broth instead of the virus itself.14 

By applying RF radiation, in addition to heating, it is also possible to induce 
acoustic vibrations in a virus. This microwave-to-acoustic energy conversion is 
known as microwave resonant absorption (MRA).15,16 To achieve this effect, theory 
predicts that frequencies significantly higher than those available from 
conventional kitchen microwaves must be used.17 Measurements of MRA were 
performed on the H3N2 virus (a form of Influenza type A), using frequencies 
between 6 and 12 GHz, and the power threshold at which the virus was destroyed 
was catalogued.18 The experimenters illuminated the virus samples by placing them 
directly in front of horn antennas (i.e., in the near-field). The frequency that most 
effectively destroyed Influenza A, a “spherical” virus, was 8.4 GHz. Destruction 
by MRA was also observed for a “rod-shaped” virus: White Spot Syndrome.19 

Towards developing a portable virus-sanitizing apparatus, a reflectarray (horn 
antenna + reflective surface used to focus microwaves to a point) was designed, 
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which successfully destroyed the H3N2 virus.20 Frequencies between 6 and  
18 GHz were used to illuminate the samples; the frequency that most effectively 
destroyed the virus was 8 GHz. 

Researchers at the Air Force Research Laboratory simulated, constructed, and 
tested a set of wave guides through which they intend to pipe aerosolized 
coronavirus; they will illuminate samples at frequencies between 2.8 and  
7.5 GHz.21 Initial measurements will use a human-safe surrogate, Bovine 
coronavirus, in place of COVID-19.22 

3. Conclusion 

Using this literature review as a starting point, the authors intend to begin laboratory 
experiments to study the effectiveness of neutralizing viruses remotely using 
radiation sources similar to those implemented for ground-penetrating radar. Initial 
tests will use frequencies near 8 GHz to illuminate inert virus samples and dielectric 
surrogates, which are electromagnetically similar to COVID-19.  
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List of Symbols, Abbreviations, and Acronyms 

ARL Army Research Laboratory 

COVID-19 coronavirus disease 2019 

DEVCOM US Army Combat Capabilities Development Command 

MRA  microwave resonant absorption  

RF  radio frequency  
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