United States of America


JRG-72
Emission Measurement Data From 
Meteorological Radars Using Coaxial 

Magnetron Transmitters

1.  Introduction.  At its January 2006 meeting the Joint Rapporteurs Group 1A/1C/8B discussed the need for data on emission characteristics of radar transmitters, and in particular, data from transmitters using magnetron technology. This document presents emission data for several representative meteorological radars that were used in the United States for many years, and are still used worldwide for the foreseeable future. 
2.  Discussion.  While currently manufactured meteorological radars typically no longer use magnetron-based transmitters, magnetrons of various types were historically used in ground-based meteorological radars.  Many magnetron-based radar transmitters are still in use worldwide and will continue to be used for many years in ground based meteorological radars.  Meteorological radar networks are a significant investment for any administration, and as such, radars will be operated for decades before they are replaced.  Once replaced, the older radars are often refurbished for sale to users including developing countries.  The older radar technology offers an opportunity to deploy a cost-effective network to help improve safety of the population and promote economic enhancement.  Radars developed in the 1950’s are still in use today, and may have changed ownership one or more times.  Therefore, JRG-1A/1C/8B should take into account the large number of these radars still in use, and the impact it could have on administrations, developing countries in particular, if restrictive emission masks limit their use.  It should be noted however, that for the radars presented in this paper, an additional 40 dB of out of band attenuation must be added to these radars whenever they are redeployed within the United States.
3.  Presentation of data.  The United States has a library of emission data collected on magnetron-based meteorological radars operated in the bands 2700-2900 MHz and 5600-5650 MHz.  This data was collected many years ago, and in many cases the notes on test conditions are no longer available.  Review of the data provided several data sets where the test conditions were sufficiently documented to allow reproduction of the plots required by the JRG.
The data in these plots was taken when the United States of America was first developing the procedures for radar emission measurements.  In all cases, the measurements are taken through direct connection to the transmitter.  However, a non-optimum measurement bandwidth was used.  The optimum measurement bandwidth is equal to 1/t, where t is the pulse width.  When using measurement bandwidths narrower than the optimum bandwidth, the peak of the fundamental and the levels of the out of band and spurious regions will change by equivalent amounts.  When a measurement bandwidth is greater than the optimum measurement bandwidth, the change in levels in the out-of-band and spurious regions are no longer equal to the change in the peak level of the fundamental.  In fact, the change in the level of the peak of the fundamental becomes negligible, while significant changes still occur in the out-of-band and spurious regions.  This effect will falsely make the radar appear to perform worse in the out-of-band and spurious regions.  For this reason, the curves are corrected to account for the non-optimum measurement bandwidth causing the levels outside the fundamental frequency to appear higher than they actually are.  This correction is applied by subtracting a correction factor from the measurement data.  This correction factor (CF) is defined as:

CF = 15 LOG (BWmeas/BWideal) = 15 LOG (BWmeas* t)
where,

BWmeas =  actual measurement bandwidth used
BWideal = the ideal measurement bandwidth

t = pulse width.
In looking at the plots, the reader will see the fundamental frequency is not normalized to fall at the top of the emission mask curves.  Since the fundamental is not the area of concern of the JRG, no information is lost, and the result is that the levels of the roll-off from the fundamental are accurate.  More information on this topic can be obtained from references 1 and 2.
3.1 Plots from two ground-based metrological radars operated in 2700-2900 MHz.  These plots are from two different radar locations, where the same radar model/design was used.  For each location two plots are provided, one where a large frequency span is displayed.
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3.2 Systems operated in 5600-5650 MHz. These plots are from two different radar locations, where the same radar model/design was used.  For each location two plots are provided, one where a large frequency span is displayed.
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4.0  Conclusions.  When reviewing the plots provided in this document, the reader can see the output of the magnetron used for the radar operating in 2700-2900 MHz is fairly well behaved, and actually approaches meeting the 40 dB per decade roll-off.  The plots for the radars operated in 5600-5650 show quite different results, with the characteristic “hump” seen from many coaxial magnetrons, being one of the largest problems in meeting either the -60 dB floor of the mask.  The characteristic “hump” is present in the 2700-2900 MHz data, but is of much less magnitude relative to the fundamental frequency.  At this time, little more is known about the characteristics or source of the coaxial magnetrons used in the radar for the 2700-2900 MHz band versus the 5600-5650 MHz band.  However, this may warrant further research if the JRG determines the information may be of value.  In any case, the “humps” in the output spectrum of these magnetron-based radars can be reduced with the installation of low insertion loss waveguide filters.
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