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Abstract  
 

Experimental and model waveforms of Q-bursts are compared. Vertical electric field was recorded with 16 
kHz sampling rate in the wide frequency band by the ball antenna in fair weather conditions at Kochi (33.3° N 
and 133.4° E) during 2003 - 2004. Computations were performed for the uniform Earth-ionosphere cavity having 
the linear frequency dependence of ELF propagation constant. Waveforms of discrete pulses were compared in 
detail each showing a high similarity thus confirming the validity of the model and the consistency of the source-
observer distance found experimentally directly in the time domain.  

 
1.  Introduction  

 
Term Q-burst was introduced by in papers [1, 2]. It was related to discrete natural ELF radio pulses 

detected worldwide [3] and lasting for 0.3 – 1.5 seconds. The signals originate from powerful remote lightning 
strokes their amplitude exceeds the continuous Schumann resonance (SR) background by a factor of ten. The 
precise wide-band waveforms were recorded recently with the sampling rate of 16 kHz [4] and the source 
observer distances estimated directly in time domain. We compare these experimental waveforms with the results 
of computations.  

 
The amplitude spectra of pulsed signals are usually used for establishing the source–observer distance 

(SOD). The method was suggested and used in works [5, 6]. Since that time it is applied experimentally in many 
studies, (s.f. [7 – 11]). The technique exploits a characteristic pattern superimposed on the regular Schumann 
resonance peaks, the pattern conditioned by the interference of direct and antipodal radio pulses. Obviously, the 
form of an ELF transient signal contains these pulses and thus depends on the source – observer distance. The 
direct and antipodal pulses arrive from the parent stroke at observatory with proper delays, and both are followed 
by the round–the–world waves [12].  

 
Computations of the Q–burst waveforms were addressed in series of works performed analytically in the 

time domain [12 – 14]. We compare the model pulsed waveforms with the Q–bursts samples presented in the 
experimental study [4]. The wide band ELF/VLF records were performed with a unique sampling frequency of 
16 kHz at Kochi, Japan (33.3° N and 33.4° E.). The classification was introduced for the signals sorting the 
waveforms into W, V, and V–V types.  

 
The source–receiver distance was found for each pulse promptly from the experimental time delay 

between the direct and antipodal pulses, while the velocity of the signal propagation (~255 km/s) was estimated 
from the delay of the round – the – world wave [4]. We compute the relevant waveforms by using the time 
domain algorithm with accelerated convergence [13], and compare the model and experimental results. Such an 
approach may be regarded as ‘independent’, as it compares experimental and theoretical waveform with all the 



parameters already established without any matching. Afterwards, we perform the job of adjusting the distance 
estimates by fine changes of the source range.  

 
2. ELF propagation model  

 
 One has to postulate a frequency dependence of the complex propagation constant ( )fν  when computing 

either the waveforms or the spectra of transient ELF radio signals. We apply the dependence derived from 
experimental Schumann resonance records at two distant (longitudinally separated) points, the Kharkov and 
Bilkal-lake observatories [14 – 16]. The following frequency dependence of propagation parameter was used 
found from the Schumann resonance cross – spectra:  
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The real part of propagation constant corresponds to Schumann resonance peaks at frequencies of 8, 14, 

20 Hz etc., separated by the 6 Hz interval. The time domain solution was used corresponding to the uniform 
Earth–ionosphere cavity [14]. We used also the constant or ‘white’ source current moment Ids(f) = 108 A*m, 
which corresponds to the source delta–pulse in the time domain. A flat frequency response of the receiver was 
assumed. The stroke polarization was positive except a single case. Comparison of pulse amplitudes indicated 
that the above current moment underestimates the observed value by the factor up to five.  

 
3. Comparison of pulsed waveforms  

 
We show in Fig.1 the waveforms measured and computed. The source observer distances D = 16.5 Mm 

(the left plot in Fig.1) and D = 18.0 Mm (the right plot) and of were found by fitting experimental data by the 
model computations. The model pulsed waveforms are shown by blue line with dots superimposed on the 
experimental record shown by the black line. These pulses are the W–type Q–burst. High similarity of patterns is 
apparent. Elements of curves coincide: the direct, antipodal, and the sub-pulse, as well as the round–the–world 
wave. Plots demonstrate a similar tendency in the distance variations of the intermediate peak (sub-peak) of the 
W–waveform, which however is less pronounced in the model. The comparison of all data available will be 
made in report showing a high reciprocity of model to the records in all cases, for all types of Q–bursts. An 
appropriate interference of direct and antipodal waves is clearly seen in all the figures and the round–the–world 
waves are positioned at the right place.  
 

D = 17.1 Mm D = 18.2 Mm 
 

 
 

Fig.1. Comparison of the waveforms. Smooth black line shows experiment and line with dots depicts 
results of model computations  

 



 
4. Discussion and conclusion  

 
We established correspondence of the model and experimental data including minute details of pulses. 

Similarity implies the soundness of the model time domain solution and confirms that the time domain technique 
of establishing the source distance works effectively. The majority of Q–bursts arrived from great, almost 
antipodal distances. Such a feature is readily explained by the distance dependence of the peak amplitude of the 
Q–bursts [12 – 14]. The circular wave front radiated by the ‘parent’ lightning stroke initially diverges, and it 
starts to converge after passing the distance of 10 Mm. The purely geometrical magnification is combined with 
the energy loss in the Earth–ionosphere duct. Wave attenuation increases with frequency, therefore the 
electromagnetic energy dissipates predominantly in the upper part of ELF band. Thus, an originally ‘white’ 
signal becomes ‘pink’ with distance: the initial half-wave broadens with the pulse progress along the cavity. 
Owing to energy losses, the focusing cannot completely restore the initial pulse amplitude. The pulse grows 
toward the source antipode, but it remains finite at the antipode itself.  Pulse amplitude at 20 Mm exceeds the 
minimum value observed at 15.5 Mm distance by ~10 dB or by a factor of 3. Geometrical convergence in the 
spherical Earth – ionosphere cavity explains the observational fact that many of Q–bursts arrive from the remote 
strokes.  

 
Comparison of model and experiment showed similarity, however, the slight deviations are present. 

Departures indicate sometime on some inaccuracy in the source–observer distance found directly from 
experimental data or on a necessity to modify the spectrum of causative stroke: one has to use the ‘red’ source 
instead of the ‘white’ one. ‘Red’ or ‘pink’ source generates the wider pulses, which fit the experimental data. 
Relevant adjustment of the source spectrum should be made in the frequency domain (see [17]).  

 
In principle, modification might be required of the propagation constant also. Say, a transform from the 

linear ( )fν  dependence used here to a more complicated function of frequency. Incorporation also could be 
considered of the ionosphere angular non-uniformity or its anisotropy. Fortunately, such a necessity is redundant: 
the data coincidence already achieved is so high that residual deviations fall into the interval of measurement 
accuracy, especially when one remembers on the Pulse/Background ratio about 10. Thus deviations present 
should be attributed first of all to the random nature of natural background ELF radio signals. We conclude that 
the major features observed experimentally are correctly described by the available time domain theory of ELF 
radio propagation in an isotropic and uniform Earth–ionosphere cavity.  
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