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1 Introduction


Meteors are a brief streak of light in the Earth's upper atmosphere produced by the high- speed entry of a small fragment of interplanetary debris (a meteoroid) [1]. Although much observational and experimental work has already been done, the interaction of meteors with Earth's atmosphere and ionosphere is not yet completely understood. 

Our goal was to make parallel observation in visual spectral range (by visual and video observations), also in radio and n ELF/ULF range, and then compare this data. The whole observational and experimental work has been done during the Visnjan School of Astronomy 2006. 

2 Experimental and observational techniques and methods


2.1 Visual observations


For visual observations we used the IMO standard method of visual observation. Observed showers were Perseids, κ-Cignids and Southern δ-Aquarids. The estimation of the brightness of meteors was also performed. 

2.2 Radio observations

In radio observation we used forward scattering technique. The signal from a radio station below horizon cannot be heard, but when a meteor passes by and leaves an ionization trail in the atmosphere, the radio signal carrier wave is reflected in forward direction and we can detect it (Fig. 1). 
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Figure 1. The principle of forward- scattering technique

For our radio observation of meteors we used distant TV station in Prague, Czech Republic (distance: 550 km). We used Yagi antenna designed for this frequencies, ICom IC-PCR1000 receiver and a computer with large hard drive to store the data for further analysis. We used two frequencies: video signal carrier wave frequency on 49.7396 MHz with effective radiated power of 150 kW, and audio signal carrier wave frequency on 56.2396 MHz with effective radiated power of 15 kW.  For data analysis the softwares CoolEdit and Audacity were used. 
2.3 ELF observations

The ELF stands for «Extreme Low Frequency» and it is a part of a radio band with frequencies from 3 Hz to 300 Hz. The final goal of establishing the automated meteor observing station is to compare data in ELF band with other spectral bands, and our goal was to make all the equipment work and possibly detect Schumann resonances. Schumann resonances are the characteristic frequencies of Earth's ionosphere, and its detection is the right test for our experimental setup. 

Our experimental setup is shown on figure 2. The whole setup was mounted in Tičan near Višnjan in Istria. We used an electrometer (figure 3.), on which a voltage follower with large resistance (up to several gigaohms) is connected. The 50 Hz- cutoff , 150 Hz- cutoff and lowpass filter was connected to the voltage follower by the long shielded microphone cable, and the simple DC filter was connected by the same means with the notch filter. The whole equipment was tested with analog and digital oscilloscope, and later we used NI-DAQmx SCB-68 data acquisition card for data acquisition. Data were recorded and stored on a PC. Also, we used two stabilised power supplies for the PC, to eliminate the noise.

For data acquisiton, analysis and storing the software was written in LabView 7.1. graphical programming language. 
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Figure 2. Experimental setup for ELF observing station
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Figure 3. Electrometer

2.4.  Video observations

For video observations we planned to use a Watec 902-H CCD camera and a Matrox Meteor II video card with MetRec software. Also we planned to use a stabilised PC power supply which we thorougly tested. Also the video camera test was pperformed using video monitor. After few days of dealing with software installation we concluded by additional tests that Meteor II card is not properly working, so we could not perform the video observation of meteors. 
3  Results and discussion

3.1 Visual observations

The analysis of visual observations was made with data from three observing nights: August 19, 20 and 21. Observers were: Mišak, Širola- 3 nights, Ahn, Pelajić, Strah – 1 night. We analysed three meteor showers, Perseid, - Cygnids and Southern - Aquarids in small activitiy conditions. Observing data were sent to IMO visual commission and ZHR was calculated. The results are shown in table 1. ZHR was calculated for each night using data of all observers.  In table 1., the designation of meteor showers is made with IMO shower codes. 

	
	per
	kcg
	sda

	1.night
	30
	3
	2

	2.night
	29
	40
	14

	3.night
	23
	41
	8


                                          Table 1. Visual ZHR data.

According to our results, the visual ZHR of Perseids is low, and the ZHR of kappa- Cygnids is unusually high. Dcrease in activity of Perseids can be explained by the fact that the maximum of Perseids has already passed. The very large ZHR of kappa- Cygnids can be partially explained by the fact that only the southern part of the sky was observed (the northern sky was hidden behind the building), further with a small number of observed meteors, and finally with the lack of observers' experience (since this is a school of astronomy for high school students). Nevertheless, the increase of activity of kappa- Cygnids and southern delta- aquarids can easily be seen. 
3.2 Radio observations
Once we found the frequency and mounted the antenna, we made 13 hour long recording. After the noise reduction and analysis of a portion of recorded data (approx. 3 hours), the radio HR was calculated and the radio echo duration was measured. Our results are shown in figures 4. and 5. Figure 4. shows the radio HR. The activity profile cannot be constructed from this data due to a too small time segment, but it can be seen that the radio HR has values around 15.  Figure 5. shows the distribution of radio echo duration. Note the larger number of meteors with smaller radio echo duration. Presumming a proportional relationship between radio echo duration and meteor's magnitude and mass, our data show a larger amount of smaller meteors, which is in accordance to the results of other observers and theoretical analysis. 
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Figure 4. Radio HR
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Figure 5. Distribution of radio echo duration
3. 3 ELF observation
At first we tested the electrometer with an oscilloscope to make sure if any signal is detected. Then, the software in LabView is written and the FFT analysis was done using that software („virtual instrument“ in LabView terminology). On first recordings the noise from the power lines at 50 Hz (and higher harmonics at 100 Hz and 150 Hz) can be seen, but there was another source of noise. After further analysis we found that this particular noise is caused by a computer power supply. We mounted another power supply with 24 V DC input in the PC (which was connected to the two stabilised laboratory power supplies) and then managed to record the signal from the electrometer.  

The amplitude of the signal below 50 Hz was varying, but had values between 0.0001 and 0.001 volts. The sudden increase of the amplitude from 0.0001 to approx.  0.0005 volts was sometimes noticed on the frequencies which coincides with Schumann resonances (around 7, 14, 26 and 32 Hz). Further work is required to confirm the detection of Schumann resonances. 
4 Conclusion

During the Visnjan School of Astronomy the visual, radio and ELF observations were performed. Visual ZHR of Perseids, kappa- Cygnids and southern delta- Aquarids is calculated form three observing nights. The decrease of acitivity pf Perseids and the increase of activity of kappa- Cygnids and delta- Aquarids was noticed, but the further analysis and comparation was not done. Radio meteors hourly rate was calculated using three hours of processed data, showing values around 15. The distribution of radio echo duration shows the larger number of smaller meteors, which is in accordance to  theory and other observational results. In ELF range using an electrometer and data acquisition system the indication for the Schumann resonances detection was found, but the further work is required, especially with the noise shielding. 
[1] Ridpath, I. (ed.): Oxford dictionary of astronomy, Oxford University Press 1997, p.300
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Figure 6. Meteor group during the video camera testing
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