

Radio(

� TOC \o "1-1" �Use a tape recorder	� GOTOBUTTON _Toc409604160  � PAGEREF _Toc409604160 �2��

Aircraft Radios	� GOTOBUTTON _Toc409604161  � PAGEREF _Toc409604161 �2��

The Radio	� GOTOBUTTON _Toc409604162  � PAGEREF _Toc409604162 �2��

Emergency Locator Transmitter	� GOTOBUTTON _Toc409604163  � PAGEREF _Toc409604163 �2��

ELT Update	� GOTOBUTTON _Toc409604164  � PAGEREF _Toc409604164 �3��

Automatic Direction Finder:	� GOTOBUTTON _Toc409604165  � PAGEREF _Toc409604165 �4��

RADAR	� GOTOBUTTON _Toc409604166  � PAGEREF _Toc409604166 �4��

The Transponder	� GOTOBUTTON _Toc409604167  � PAGEREF _Toc409604167 �4��

How the Numbers Work	� GOTOBUTTON _Toc409604168  � PAGEREF _Toc409604168 �7��

Radar Separation	� GOTOBUTTON _Toc409604169  � PAGEREF _Toc409604169 �7��

Radar Identification	� GOTOBUTTON _Toc409604170  � PAGEREF _Toc409604170 �7��

Data Block	� GOTOBUTTON _Toc409604171  � PAGEREF _Toc409604171 �8��

Transmitter Failure on Radar	� GOTOBUTTON _Toc409604172  � PAGEREF _Toc409604172 �8��

Stuck Mike switch	� GOTOBUTTON _Toc409604173  � PAGEREF _Toc409604173 �8��

�





























�Use a tape recorder	

If you use a tape recorder on your flights, you must be sure that your patch-cord has the proper impedance.  A Radio Shack cord with gray or black connectors will work with a 9-volt portable system.  An aircraft hard-wired system operates on 12 or 24 volts and must have a 1-meg resistor installed to prevent overdriving the input to the recorder.  The use of a tape recorder is the best way I know to improve learning retention.

Aircraft Radios

The FCC has permanently abolished radio station licensing requirements and fees for U.S. Aircraft.



Aircraft frequencies are the same world wide.  Non-military aircraft use Very High Frequencies (VHF); the military uses Ultra High frequencies (UHF).



Frequencies:

	ADF 		190-535 (1605) kHz (Kilohertz)millions of cycles per sec.

	VOR/LOC 	108.0-117.95

	VHF COM    	117.95-136.0

	Glideslope  328.6-335.4

	XPONDER  	1030-1090

	DME		960-1215 (1605)

	RADAR		5350-15700



The antenna for a given frequency is 1/4 the frequency length.  This length can be electronically as well as physically determined.  This allows 

best radio performance.  The aircraft radio's vocal changes (modulation) are transmitted by varying the compression of the basic frequency.  Frequency modulation (FM) is not as subject to electrical disturbances as is the more common commercial amplitude modulation (AM).

The Radio

The frequency of a radio is the number you use to determine the number 

of cycles per second your radio can both transmit and receive.  A combination of crystals inside the radio make a large combination of selected frequencies possible.  Most modern radios have 720 different frequencies.  If you should need to use a 25-kHz frequency on your 720 channel radio, it is nice to know that any final digit readout that ends in 2 or 7 is followed by a 5 even though it does not show.  Some radios have switches for this feature but if no switch exists just remember than 123.72 is really 123.725



The aircraft hand microphone is noise-canceling.  This means that positioned properly the propeller/engine/wind noise will be mostly eliminated.  Proper positioning means that the mike is held close to the mouth.  A normal speaking voice should be used.  If the mike is held sideways by the casual communicator, a hiss or whistle can occur to the listener.  Holding the microphone too far away allows aircraft noise to enter along with the voice.

Emergency Locator Transmitter

The Emergency Locator Transmitter (ELT) is a 1970 congressional imposed device which because of technical deficiencies has been unable to perform adequately.  ELTs are activated by impact but include hand activation.  In 1991 only 61 out of 2037 transmissions were legitimate.  All others were false alarms.  97% of  past ELT signals have been false alarms. In 75% of the accidents where an ELT transmission was required the ELT failed to operate.  In 1992 the time between "last known position" and location of accident by ELT averages 17 hours.  If a VFR flight plan is filed the search time is decreased by 48 hours and 63 hours for an IFR plan.



You should know that the General Aviation ELT technology is such that it will be hours before the ELT will acually activate a search.  Average time is two hours before search begins.  Up to 50 hours before search begins is not unusual.  Having a cellular pone is a better option.  /Call /afrcc 800/851-3051 for starting an immediate search.  ELT’s are destroyed or fail to operate 75% of the time.  Accident activation rate is only 12% with a 97% false alarm rate.  There are 30,000 ELT activations a year.  



The satellites in space, both Russian and American, require two passes over two hours apart to confirm and locate a signal source.  Search and 

rescue satellites (Sarsats) interprets any 121.5 broadcast of over 30 seconds as an emergency.  ELT location can take from 45 seconds to three hours.  ATC facilities are "supposed" to monitor 121.5 but often have the volume too low to hear. Present doppler system accuracy + 20 miles.  A GPS type used for ten years is under development fore civil use.



U. S. has SAR (Search and Rescue) centers at Langly, Virginia and Elmendorf, Alaska.  Search begins with 'phone search' contacting local authorities to eliminate a false alarm.  Civil Air Patrol, COAST GUARD, local authorities conduct actual search.  24 other countries have terminals used for reception of signals.



The ELT must be replaced as placarded on it by date of 1/2 battery life followed by A&Ps signature.  It must have aircraft logbook entries as to date of installation and A&Ps signature.  Since 6-21-94 ELT inspection required annually as part of annual inspection.  It must be replace if activated for one hour.  Data, dates and location required information for PTS. (flight test).  Test of ELT are limited to three audio sweeps during the first five minutes of any hour.  



The aircraft shutdown checklist includes putting 121.5 on the com radio prior to turning it off.  This ten seconds is used to save the time and money that would be wasted if an Emergency Locator Transmitter (ELT) false alarm is pursued by the U. S. Air Force Rescue Coordination Center (AFRCC) now located on the East coast. 

ELT Update

	Only second generation ELTs (TSO-C91a) can be installed after 6-21-95

	Battery expiration dates on ELT and maintenance record

	New inertia switch will not activate on hard landings.

	Can interface with Loran and GPS

	Next generation is:

		Emergency Position Indicator Radio Beacons (EPIRB's)

		Personal Locator Beacon (PLB's) 406.025 MHz ELT's

		Cost is $2,800

			System can receive and download information such as 				position and identification in one satellite pass.

	ELTs in storage must have battery removed.



	If you are planning an over water flight consider buying or renting an EPIRB type ELT which can be manually or water contact activated.  The 406 ELT

transmits a complete identification data base for the aircraft and owner.

The 406 also has a night strobe for low visibility searches.  All of this

will be antiquated if the potential of the GPS/Datalink is allowed on the civilian market.

Automatic Direction Finder:

	The ADF was the second electronic navigational aid used in aviation.  Rotating light towers came first.  Fifty years ago Bill Lear (Lear jet) perfected the ADF.  The technology is complicated and cost is high.  An ADF takes two parts of an AM radio signal through a sense and loop antenna.  Comparison of the signals through an electronic Wheatstone Bridge enables a needle to be turned to a bearing to a station.  Unlike turning a portable radio for the 'null' the expensive part of the ADF is making it show "to" the station automatically.  The ADF has several frequency channels and selector switch positions which determine what is received and whether the ADF needle is operative.  Commercial broadcast stations, non-directional beacons and compass locators can be used by the ADF.



RADAR

	Radio detection and ranging was first developed in WWII.  The antenna used was a Yagi, a Japanese invention still used for TV.  As a primary system it was relatively inaccurate for distance and altitudes could only be guessed at.  A primary target showed as a blurry spot on a screen.  Shortly after WWII the French developed a way to remove unwanted targets such as freeway traffic.  The British had made a magnetron transmitter tube, just like the one in your microwave.  



In much of the U.S. your transponder may be targeted by more than one Center radar antenna.  However, your aircraft does not appear as multiple targets.  You appear as a computer derived approximation called a mosaic.  You are given a circular error error of 1/16 of a mile.  Thus, the 5-mile airway aircraft separation.  Terminal radar is used for Airport Surveilance approaches (ASR) because it is usually located close to the terminal airport.  

The Transponder 

+ a bit of history

During WWII the British developed a top secret 10" x 10" x 10" radar transceiver.  It would respond to a radar interrogating signal by responding with a coded transmission.  A code would allow the land based radar station to distinguish British from German aircraft on their radar screen. The radio also contained an internal thermite bomb which, when triggered by an inertial switch (crash), would destroy the interior of the set. This was supposed to prevent German discovery of the codes.  (A reverse ELT?)  The British code named the system Parrot.  The United States Army Air Forces version of the system was called IFF, for Identification Friend or Foe.



As with many WWII developments, the IFF system was designed to prevent 

a clever German ruse.  The Germans were following the night bombers back to England.  German aircraft would join in the stream of returning British bombers.  They would wait until the bombers were most vulnerable, just prior to landing, and then shoot them down.  Parrot allowed detection of these German aircraft since their (primary) return would not have a distinctive code.  Only 10 codes were available and they were changed daily.  



When radar became available for civil use the size and power of radar antennae could pick up most aircraft but only 10 codes had to be expanded to 64 codes.  Within a brief period it was expanded to 4096 codes because the number of aircraft in flight required a large number of discrete codes for different type operations.  Ground radar transmits on two frequencies one is for  powerful detection the other is a trigger at a high frequency of 1030 MHz.  This trigger causes the transponder to respond on a frequency of 1090 MHz with a coded reply that can be tailored to the aircraft.  Ground radar will interrogate an aircraft for a few micro-seconds by use of a radar beam and then pause for several hundred micro-seconds.  If an aircraft is transponder equipped, transponder will reply in a Base 8 code which will serve to identify a variety of items.   1200 identifies a VFR flight.  Altitude encoders give altitude.  Discrete codes show IFR/VFR flight and/or destination as well as being in radar contact/communication.

 

Presently, if an aircraft is not squawking VFR of 1200 it will have such a discrete code.  A VFR flight out of CCR contacting Travis Approach will have a code beginning with 52--.  It is possible that you will be given a single code that will go with you from CCR to RNO or FAT.  Airliners have single codes that take them across the country.  New computer technology now lets ATC have instant access to all aircraft in the U.S. that are on flight plans.  All United Airline aircraft can be displayed on a screen and the individual flight identified as to aircraft, flight number, altitude, departure, destination, and speed.  This information is available on all flight planned aircraft.	  	



To control the operation of the airborne set to the best advantage, the ground based radar station would radio instructions regarding the operation of "Parrot".  The aircraft would be directed to "squawk your parrot", meaning to turn on the set for identification; or to "strangle (not kill) your parrot" as a directive for turning the set to standby.  



The only vestige of this that remains today, other than the entire ATC system itself, is the term "Squawk", as an ATC directive for operation or code for the transponder.  Old time ATC controllers may still have you "strangle" your parrot (x-ponder) 



Today the transponder usually has a four position switch-- off, stby (standby), on  (Mode A), and alt (altitude Mode C), a test button, and ident (identification) button, a response light, and four selector switches with numbers from 0 to 7.  Certain aircraft letters and numbers cannot be reproduced but frequently the discrete code can be seen to represent a specific aircraft due to their similarity.  A transponder is not legal for use unless it has been tested and inspected within the past 24 calendar months and found to be in compliance with ability to squawk a code and an altitude within + 150' accuracy.  



All transponders operate on 1090 MHz.  For Mode A the transponder gives back only the four digit code.  For Mode C includes the altitude.  This is done 600 times a second but only 20-30 responses occur during the radar beam passage.  If two radar interrogations occur nearly simultaneously the transponder response may become garbled at the radar site.  This often leads ATC to claim that your transponder isn't working properly.  Your recycling the transponder is a way of changing the response sequence.  If one radar location has had no difficulty with your transponder refer the problem site to them.  Often different locations are using widely age different systems.   Ask that the radar tapes be saved so that the FAA may make an analysis of the problem. 



All codes are discreet and assigned by ATC to give other controllers information regarding your type of flight and destination.  Operations such as VFR without advisory, VFR with advisory, IFR, destination, specific airport operation, TCA, ARSA, Local IFR, Tower enroute IFR, X-country IFR, emergency, hijack, and radio failure all have differing first two digit codes which tell ATC controllers about your flight and destination.  An improved Mode S system is under development which will allow selective interrogation.



An airplane may be without an altitude encoder and operate only on MODE A or ON.  Under Mode A, ATC will expect you to maintain either an assigned or agreed upon altitude and to report changes.  Flight with Mode A is somewhat restricted.  If you know that your transponder does not have Mode C capability, be sure to advise ATC.  Know the following restrictions. 



Aircraft above 10,000 feet are required to have an operative transponder with Mode C.  Aircraft in Class C airspace or above the outer perimeter of the Class C airspace up to 10,000' are required to have a transponder Mode C.  Any flight above the Sacramento Class C comes under this last requirement.  Any aircraft in a Class B or operating within 30 nautical miles of the Class B primary airport is required to have an encoding transponder.  Exceptions are made for aircraft without electrical systems and high mountain flights within 2500’ of the surface.  The transponder and encoder system must be inspected every 24 months.  It is illegal not to use your transponder, while flying, to its highest capacity.



An aircraft without an operating transponder shows, if at all, as a primary target.  All transponder targets are called secondary. Under MODE C, or ALT, your aircraft will have an encoder which tells ATC your altitude.  ATC will always need to know if your altitude encoder is operating correctly. This altitude encoder is cross-checked by ATC with your altimeter setting via radio.  They will remind you of the current altimeter setting and perhaps ask you to switch to MODE A if your encoder is off by more than 300'.  An error of 300' makes the transponder unsafe to use for traffic avoidance purposes. 



If you should experience a transponder failure, be cautious about accepting flight into a radar environment where radar is the prime system.  Once you land at a Class C airport without a transponder you may be unable to get out.  Trick: Try to get piggy-backed on to another aircraft as a flight of two.  Nice if you can get out in the direction you want to go.  Radar can track a primary signal with little difficulty today.  They can even attach a data block.  Planed flights into Class C or even B require one hour notice.



Any MODE C traffic that has not been cross-checked will be given to you as UNCONFIRMED altitude. For this reason you should always include your altitude in the information to ATC.  Advise if you are level, climbing, descending and final altitude.  When you have not been assigned an altitude be sure to advise ATC when you plan to make changes of an established altitude. 



On the ground the transponder should be set to standby.  This stops the squawk  but allows the transponder to stay warm and ready for operation when needed.  The start takeoff, emergency, and post-landing checklist should have transponder as a checklist item.  Whenever changing codes on the transponder recommendation is that 'standby' be selected during the change since it prevents inadvertent discrete codes being sent to ATC. The transponder should be turned on as you taxi onto the runway for takeoff.  Use of MODE C is now required in many cases as noted in a prior paragraph.

How the Numbers Work

There are 4096 possible code selections on a transponder from 0000 to 

7777.  This is a Base 8 number system which is used by computers as a short method of storing Base 2.  Base 2 is the number system of computers.  The four places of the transponder from right to left are 1's, 8's, 64's, and 512"s.  We know it is a base 8 because the highest digit is 7. The eight possible digits are 0, 1, 2, 3, 4, 5, 6, and 7.  Counting in Base 8 proceeds as follows:                         



						Base 10

Place Values 	512  64   8  l  equivalent

		       0 	0    0   0 = 0  This is the 'presidential' code.

			 0	0    0   1 = 1 (1 one)

Set as transponder		     to

code numbers.	 0    0    0   7 = 7 (7 ones)

			 0    0    1   0 = 8 (1 eight, no ones)	

			 0    0    1   1 = 9 (1 eight and one one) 

					     to

			 0	0    7   7 = 63 (7 eights, 7 ones)

			 0    1    0   0 = 64 (1 sixty-four, no eights, no ones) 

			 0    1    0   1 = 65 (1 sixty-four, no eights, one one)

					     to

			 0	7    7   7 = 7 sixty-fours, 7 eights, and 7 ones) 

							448     +   56    + 7 ones = 511

					     to

 			 7    7    7   7 = 4095

4095 added to 0000 makes the possible 4096 transponder codes.  More than you ever wanted to know?

	Emergency	 7    7    0   0 = 4032 in base 10

      Nordo        7    6    0   0 = 3968

	Hijack       7    5    0   0 = 3904

      VFR          1    2    0   0 =  640

Radar Separation

	Terminal Area (TRACON)

	Basic separation within 40 miles of single antenna is three miles in 	airport/terminal airspace.  IFR/VFR separation is 1.5>  miles in Class 	B.  Beyond 40 miles of antenna it is 5 miles.



	Air Route Traffic Control Centers (ARTCC)

	5 miles is the minimum  for IFR.  Several antenna returns are displayed 	as one.  



The pilot should know that under VFR conditions once you have told ATC that you have visual contact with traffic you may not receive any further radar advisories on that traffic.   They may not advise you again of altitude or direction.  It is up to you to evade any possible wake turbulence.  ATC will let you fly right under a DC-10' wake turbulence and not issue a warning.  You must be aware of this lack of protection and be assertive enough to make a 360 or whatever it takes for avoidance.

Radar Identification

Contact and identity established by 1-mile or runway is 'contact".  



Radar return  at specific reported position is 'contact'.

	

Radar vectors may be used to identify and establish 'contact'

	

Transponder codes are used. Mode C gives altitude which must be 			validated by each successive controller.

Data Block

	The computerized radar is capable of showing the aircraft route, a conflict with another aircraft, range and bearing from any fix, and a minimum safe altitude warning.

Transmitter Failure on Radar

Infrequently a radio microphone or transmitter will fail when in radar contact.  The controller can by a carefully selected series of questions determine what you plan to do.  You will be asked to IDENT or not in response to the questions.  The transponder can work effectively on low power long after radios and transmitters fail.  Taped records are kept of radar pictures and this can be used to locate downed aircraft.

Stuck Mike switch

Every so often an aircraft gets a stuck microphone switch.  It is difficult to know when this has happened to you.  The warning clue is when you do not get a response to your calls or when there is no communication over the frequency.  When this occurs it blocks the entire frequency.  The stuck mike switch causes a problem that annoys the rest of the airwave world but not the pilot.  The pilot has no way of knowing that he has a problem that is creating a problem for everyone else.  Maintain a listing watch.  If you don’t hear voices where voices should exist start suspecting that you are the problem.  You cannot hear anyone when your mike is stuck.	



First check the squelch to see if it hisses.  Pulling the volume knob in many radios overrides the automatic squelch. Unplug all your mike connections and try the hand held radio or the hand mike. 



If you happen to fly into a situation where a stuck mike, not yours, is blocking the frequency you will hear a loud whistle.  The usual thing to do is to go back to the last frequency used and advise them of the situation and your intentions.  A more preferred approach might to be go to the next frequency that you expect to use and advise them of the situation and your intentions.  In some circumstances, such as airport arrival, this latter method seems better.
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