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Breathing Mode and Dipolar Mode of Virus 

The eigenvalue equation of the spheroidal modes of a homogeneous sphere 

(Supplementary Figure 1) can be expressed as:  
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 , 𝑗ℓ is the spherical Bessel function of the first kind, and ℓ 

are the angular frequency and angular momentum of the vibrational mode, R is radius 



of the nano-sphere, cl and ct are longitudinal and transverse sound velocities 

respectively. Depending on different values of ℓ, different modes of a sphere can be 

derived. Supplementary Movie 1 shows animations of the total displacement field of 

the breathing mode (ℓ = 0) and Supplementary Movie 2 shows the displacement field 

in z direction of the dipolar mode (ℓ = 1) on the x-z plane of the sphere (coordinate is 

defined in Supplementary Figure 1). One can observe that the displacement of the 

breathing mode is radial symmetric and this mode can be detected in the most of light 

scattering experiments. This well-known breathing mode is NOT the mode 

responsible for efficient energy transfer between microwaves and viruses. On the 

other hand, the dipolar mode shown in Supplementary Movie 2 is the mode 

responsible for the efficient energy transfer between microwaves and viruses. The 

displacement of the dipolar mode is along the direction of the electric field and it is 

necessary to have the permanent charge separation in the sphere for exciting the 

dipolar mode. In our experiment, the energy of the electromagnetic waves is directly 

transferred to the dipolar mode of spherical viruses when on resonance.  

 

Supplementary Figure 1. Schematic showing a homogeneous sphere and applied 

electric field. 

 

Supplementary Movie 1. Animation showing the total displacement field of the 

breathing mode (𝓵 = 𝟎). 

 



Supplementary Movie 2. Animation showing the total displacement field in z 

direction of the dipolar mode (𝓵 = 𝟏) on the x-z plane of the sphere (coordinate is 

defined in Supplementary Figure 1). This is the mode responsible for the efficient 

energy transfer from microwave to a spherical virus like H3N2. 


