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NEXRAD THEORY


PART ONE





ATTENTION GAINER:	How many times do you look at the radar, and say “What the heck is that?”, or look at something and wonder why it is happening?





PURPOSE: 	The purpose of this class is to inform you, the student, how the radar system actual works.  Along with knowing how it works is knowing its limitations as well.


 


VISUAL AIDS:  Attached Slides, Pictures, Video


	


TERMINAL LEARNING OBJECTIVE: Without the aid of, but in accordance with the reference, the student shall fully understand basic Nexrad Theory.





ENABLING LEARNING OBJECTIVE:  Without the use of, but in accordance with the reference, the student shall be able to:


Identify Radar Pulse Characteristics


Describe how the Radar Beam Operates


Name at Least Three Limitations





REFERENCES: E4OST15W3 009,





 BODY:  How many of you have said, when it pertains to the Nexrad,  “I don’t need to know that!  What has that got to do with Forecasting weather?” Well, how many of us know what “NEXRAD” actually means?  How many of us know what “RADAR” stands for?  In order to use a base product correctly in a forecast, it would make sense to know the limitations of that product.  In order to know the limitations of the product, you would have to know the limitations of the radar system.  In order to know the limitations of the radar, you have to know how it works.  That is why you need to know the theory. 


So, let’s move on now, to find out what it is that we have been missing.





RADAR PULSE CHARACTERISTICS - The characteristics of a radar pulse are shown in the figure below.  An important aspect to remember about the radar is the transmission of definite pulses of energy at prescribed intervals which includes a silent period or “listening time” between pulses.


The pulse length is measured as the front of the leading edge to the back, or trailing edge, of the pulse as it travels in space.  Another important concept to remember is that the pulse length travels very rapidly, and no matter whether long or short, it does not affect the velocity of emitted radio energy.





The pulse length does, however, affect the amount of power returned from a target.  The amount of energy in each transmitted radar pulse depends, among other things, upon the duration or length of the pulse.  In other words, if one pulse is ten times the length of another pulse, it has ten times the energy.  This would allow more reinforcement of an echo and a stronger signal returned to the radar.  For example, why is it we have two modes (clear air mode and precip. mode) for our radar?  Let’s think about it.  When the UCP operator puts us in clear air mode, is there any weather outside? Usually not, therefore, a stronger pulse is needed to pick up smaller miscellaneous particles in the atmosphere, such as dust, sand, or even wind data.  However, as we will see later, a stronger pulse cause resolution to suffer, and determining the characteristics of an object may become extremely difficult.  Pulse length also determines the minimum range of the radar, since the transmitter must be shut off by the time the signal returns.





The ideal radar would use short, powerful pulses.  This becomes impossible because short, powerful pulses would require large physical equipment.  The optional way to increase the amount of energy the radar transmits is to increase the number of pulses transmitted per second.  This leads us to PRF.





Pulse Repetition Frequency (PRF) is defined as the rate at which the pulses are transmitted- the number of pulses per second.  Weather radar systems only use one antenna.  During the transmission of the pulse, the antenna serves as the method of focusing the pulse and directing it in a concentrated beam.  After the pulse has been transmitted, the radar antenna will act like an “ear” to listen for any returning signals from any targets or phenomena that has been detected.





When the radar is waiting for the signal to be returned, called the listening time, this determines maximum range of the radar. The listening time permits the  energy which has been backscattered (returned) from the target to be received before the next pulse is transmitted.  The listening time must be long enough for the transmitted pulse to reach the target and then return to the radar.  The range of the radar is equal to one-half the maximum distance (round trip) the signal can travel during the time between pulses - listening time.  The radar is dependent upon this combination of pulse length and listening time.  They determine some of the capabilities of the radar to detect weather phenomena.





Although the PRF must be kept low enough to allow for the maximum range desired, itmust also be kept high enough to allow a decent number of pulses to be returned from a distant target.  Remember, the power of the returned signal is very low and many returns 








