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Abstract Using powerful high-frequency radio waves modulated at ELF/VLF can efficiently

modify the lower ionosphere which can act as an equivalent ELF/VLF virtual antenna for the
generation of ELF/VLF waves which can propagate in the Earth-ionosphere waveguide. In this
paper, based on the modulation model, a full-wave finite element method is used to calculate the
field of the ELF waves radiated by the dipole moment which is produced by ionospheric artificial
modulation in the stratified ionosphere and the calculated values are compared to the ground
observation. The numerical modeling shows that these waves form a narrow collimated beam and
the magnitude of field intensity of low frequency signals received on the sea is ~pT which will

become smaller when the frequency is lower and this result is in accordance with the laboratory
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data from HAARP. The result also shows that it has stronger attenuation and small angel

penetrating the ionosphere for the low signal at low latitude, so that the excitation of the Earth-

ionosphere waveguide is easier at high latitude.
Keywords
simulation, HAARP experiment
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Fig. 7 The magnetic field intensity on the sea
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at different heating spots
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