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There is a lot of information here.  You probably don’t want to, and may not need to, go through all of it.  So as a start 

below are the main points covered.  If you are confident that you understand them (one way to confirm that is if you can 

explain it to someone else) then you’re good to go.  You could have a bit of fun with some practice questions from the 

FAA exams on pages 12 and 13.  If there are a couple of points you want to review then the Contents page that follows 

might help you find the information you are looking for.  Yes, VOR navigation is going the way of horse-drawn gliders but 

(as of the time this was written) you still see plenty of questions on the FAA exams and I’m sure there is at least one DPE 

out there that is going to ask something about VORs during the oral portion of your check ride.  These are the areas 

covered in those exams so if you can speak to them in some detail then you might be good to go: 

1. General operating principles of a VOR – types of stations; frequency band/ranges and the basic radio signals 

sent; verifying station operation and operation of associated DME if available; service volume; chart symbols 

2. Design, function and display characteristics of the standard omnihead, horizontal situation indicator (HSI) and 

radio magnetic compass (RMI) as they apply to VOR navigation  

3. Why the direction of flight has nothing to do  with what the VOR indicator shows 

4. Why what the VOR indicator shows has everything to do with how the omnibearing selector or cursor is set 

5. How to know where the VOR station is relative to you when the course deviation needle is pinned left or right – 

or not (yes, I agree that what most of us would do is simply turn the omnibearing selector or cursor until it 

centers but apparently the FAA thinks otherwise) and, logically …  

6. Where you are with respect to the VOR station based on what the omnihead shows 

7. And, where you are with respect to the VOR station when there is no disambiguation (TO/FROM) indicator 

showing (and the other reasons this might happen).  The FAA seems to like this one in particular. 

8. The disambiguation indicator of an HSI always points towards the VOR station.  And, that it is also true in the 

case of a standard omnihead regardless of whether it is labeled ‘TO’ or ‘FROM’ 

9. Why there is no disambiguation indicator on a RMI (and how you identify the radial on an RMI), or for that 

matter … 

10. How you identify the radial you are on when your omnihead shows ‘TO’ and the needle is centered. 

11. How to fly TO a VOR station 

12. How to intercept a specific radial and fly FROM a VOR station 

13. How to identify your VOR is not working 

14. Explain what happens just before, during and just after you overfly a VOR (the ‘cone of confusion’) 

15. Triangulating your position 

16. Application of the 1 in 60 rule to VOR navigation 

17. DME function and limitations 

18. Reverse sensing (or, is there such a thing?) 
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VOR Indicators 
 

All VOR indicators (“VOR heads” or “omniheads”) perform the same function, 

although they may have different appearances depending on the design and 

manufacturer.  One classic omnihead is the version found in aircraft like the Cessna 

172 and other general aviation aircraft, shown at the right.   

A similar version, which includes a horizontal indicator for an electronic glide slope 

where the vertical indicator, the course deviation indicator, is used to track the 

position of the instrument landing system (ILS) localizer, may also be used in addition 

to or in lieu of the single vertical indicator version.  Use of the ‘omnihead’ for 

instrument approaches is not covered here. 

There are several variations on the basic design shown above, including a version where 

the course deviation indicator (the vertical needle) remains vertical while it moves left 

or right (vs. the “swinging” type that moves like a pendulum as in the first example, 

above).  This version is shown here – the course deviation indicator (the yellow vertical 

indicator) is indicating the aircraft is off course to the east (the desired course is to the 

west – more on this later). 

Another version, where the VOR indicator is 

incorporated into an instrument called the 

Horizontal Situation Indicator (HSI) adds a directional gyro or other compass card / 

heading indicator along with the VOR indicator.  At first glance it may appear to be 

a completely different instrument but the operational principles (for VOR 

navigation) are the same as for other ‘omnihead’ designs.  Other versions of the HSI 

include digital display of DME (distance measuring equipment) readings, digital 

indication of the course indicator (the arrow-head indicator, where the course 

deviation indicator ‘splits’ from the middle of the indicator) direction setting, a 

heading bug (used as a reference heading indicator or in conjunction with an 

autopilot) and various warning and other indicator flags.  The multi-function 

displays (MFD) seen in ‘glass cockpits’ are even more elaborate and will not be discussed here except to say that from a 

VOR navigation standpoint the VOR indicator in an MFD works exactly the same as any other VOR indicator. 

All VOR indicator instruments have the same components: 

 An OBS or CRS to select the desired radial from the VOR 

 A disambiguation indicator (the TO/FROM indication) – for an HSI the triangle always points TO the VOR 

 A course deviation indicator (swinging needle, vertical needle or ‘split segment’ in the case of most HSIs) 

 A set of dots, diamonds or short lines, 5 each side of center, representing 2° course deviation per dot 
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VOR Receiver Tuning 
 

The radio signal for the VOR station is tuned using the receivers in what is 

sometimes referred to as a ‘radio stack’ which includes not only the VOR 

navigation radios but may also include communication radios, the distance 

measuring equipment (DME) display and transponder – and for those really 

old-school folks, an automatic direction finder (ADF) receiver.  An example of 

a commonly seen general aviation radio stack, the Bendix-King radio system, 

is shown at the right. 

VORs operate between 108.00 and 117.95 MHz.  ILS localizers share the 

lower portion of this frequency range operating between 108.10 and 111.95 

MHz.  DME operates in the UHF radio frequency range and their frequencies 

correspond to specific VOR frequencies so tuning a particular VOR will also 

tune to that VOR’s associated DME (if it has DME)-no pilot input needed.   

Some omnirange navigational aids used for civilian aviation include a tactical 

air navigation (TACAN) service used by military aircraft.  Stations that 

incorporate both are called VORTAC facilities.  All VORTAC facilities include 

DME.  For civilian navigation only the VOR and DME functions of a VORTAC 

are used. 

Since there is no way to know if the omnihead indicator is displaying 

information from the correct VOR station it is important to verify that the receiver is tuned to and receiving the desired 

navaid signal.  More sophisticated aircraft display the three-letter VOR station identifier directly; most general aviation 

aircraft navigation radios use an audible Morse Code signal which can be heard when the ‘NAV1’ or ‘NAV2’ buttons 

(usually found on the radio stack or nearby separate panel) are in the active (on) position.  No need to actually know 

Morse Code – the code pattern (dots and dashes) are displayed on navigation charts so you just need to match what you 

hear with what you see on the chart. 

More recently, some VOR stations include a voice identification which announces the name of the VOR station 

alternating with the traditional Morse Code identifier.  The identifier is broadcast about every ten seconds BUT – for 

stations with co-located DME, the coded signal is a higher pitched signal every third or fourth code.  So, if you hear the 

Morse Code for the station about every ten seconds but a couple of times during a minute that same code is at a higher 

pitch you know that you are receiving BOTH the VOR and DME signals.  If you hear only a somewhat high-pitched 

identifier code every 25 or 30 second that means ONLY THE DME is functioning.  If you hear nothing then you are either 

tuned to the wrong frequency or the VOR station has failed completely.  If you hear Morse Code that spells out ‘TEST’ 

(dah, dit, dit dit dit, dah) then the VOR station is under repair and should not be used for navigation.   

So, if you hear the correct code in the correct timing (or, if you see the VOR station identification letters decoded on you 

fancy glass cockpit display) then you know you are tuned to the correct VOR station and are receiving the signals from 

that station.  Some VORs are also used to transmit voice communication from Flight Service Stations or transcribed 

weather broadcasts.  Those voice functions will not be discussed here.
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Very Brief Overview of VOR 
 

VOR – stands for Very High Frequency (VHF) Omni Directional Radio Range.  Obviously they dropped a bunch of letters 

from the acronym.  Thank goodness. 

Serving for many years as the backbone of all electronic navigation worldwide, the VOR now is in its “senior years” and 

many will be retired in the US in favor of GPS ‘RNAV’ routes.  The project is called NextGen – you can Google it for more 

info.  The FAA will continue to operate a Minimum Operational Network  (MON) to provide for redundancy and backup 

to the GPS RNAV system.  This will include the addition of extended range (extended service volume) VORs in some 

areas. 

No big physics lesson here – just to say that a VOR station sends out two signals.  One is a uniform radio signal that is 

sent out in all directions (the master signal) momentarily, when the second, rotating signal passes magnetic north.  The 

second is a very narrow signal rotating (most do so electronically) clockwise 30 times per second.  So, the receiver in 

your aircraft measures the time between receiving the omni-directional reference signal and the rotating signal and 

calculates the  corresponding direction from the VOR station (this is called a radial).  In the aircraft the VOR indicator 

instrument displays the information based on the phase difference (the timing between) the two signals. 

VORs are very accurate.  Although theoretically a VOR’s 

radial may vary more than a degree from the actual 

magnetic bearing most VORs are accurate to about +/- one 

degree (or less).  Monitoring systems automatically shut 

down a VOR station if the signal is outside set limits.  Those 

limits vary depending on the location and purpose of a VOR.  

VORs that are used for approach to landing are generally 

held to tighter tolerances than those for en-route flying. 

Picture the VOR signal as many discreet signals each with 

their own unique timing relative to the reference signal  – a 

timing that the VOR receiver interprets as a magnetic 

direction from the station’s magnetic north that the VOR 

receiver sends to the display (the ‘omnihead’) in the 

cockpit.  As an aircraft passes through the array of unique 

radials the signal changes – causing the display to change.  

Properly setting the display – this will be the subject of a 

great deal of discussion – allows the pilot to understand 

where the aircraft is with respect to the VOR station. 

Remember – and this will be repeated – the VOR radial at which the aircraft is located at any given time is independent 

of the direction of flight.  It is not the direction in which the aircraft is pointing that determines the radial.  The VOR 

radial is determined by the direction from the VOR station that the receiver antenna on the aircraft is located.  Yes you 

can, and often do, fly either towards or away from a VOR station staying on the same radial.  The display will not change 

– and that is the point.  Your job is to keep the aircraft on course and when that course is determined by a specific VOR 

radial your job is to “keep the needle centered”.  But, the needle will center if you have the omnibearing selector (or 

cursor, for an HSI) set to a radial that you are crossing, even at an angle to that radial.   You can also locate your position 

https://www.faa.gov/about/office_org/headquarters_offices/ato/service_units/techops/navservices/transition_programs/vormon/
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using two VOR stations by triangulating your position from each station – without necessarily traveling along any specific 

radial from either station.  All this will be discussed again. 

Directions relative to a VOR are always specified as the radial from the VOR.  So, even if you are on a heading of 330° 

flying towards a VOR station, southeast of the station (flying towards the northwest tracking 330°) you are on the 150° 

radial of the VOR.  This would be described by saying “On the 150 degree radial of the XYZ VOR inbound, tracking 330 

degrees”.  ATC always references your location with respect to a VOR using the radial from the VOR and they expect you 

to do the same. 

VOR signal strength varies so some VOR signals can be received up to 130 NM from the station (provided your altitude is 

sufficient to be above terrain, objects and the curvature of the earth itself).  Others have fairly close-range signals, about 

40 NM (between 1,000 and 18,000 feet above ground level – AGL) and low power Terminal VORs are reliable only up to 

25 NM away and between 1,000 and 12,000 feet AGL (although they can be received at near-ground level close to the 

station).  The range that a VOR covers (and the altitudes the specific ranges apply to) is termed its service volume.  The 

illustration from the FAA’s Aeronautical Information Manual shows the different VORs’ service volumes based on their 

type or power: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note that the distances (25 NM, 40NM, etc.) shown in the above figure are radial distances (the numbers represent the 

radius from the station that the signal can be received at the specified altitudes).
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Understanding What the VOR is Telling You 

Your Position FROM a VOR 
The VOR display (‘omnihead’) knows only one thing – where the signal is coming from.  What it DISPLAYS depends on 

how the omnibearing selector (OBS) or cursor (CRS) is set.  This is a source of considerable confusion for some.  So 

consider the following:  We’ll start with setting the cursor.  Below is an HSI, so it is the cursor that moves to point in the 

desired direction by turning the knob at the lower left – the one with the small yellow arrow on it – to point, first, 

directly away from a VOR in the first part of the following explanation below, then directly towards it in the second part. 

In this example we are tuned to the San Antonio VOR (SAT), 116.80 MHz.  The CRS has been rotated so that the center 

section of the needle – the course deviation bar - (the one which is shown out of alignment with the head and tail of the 

OBS needle on page 1) aligns with the head and tail section to form a continuous arrow.  Also shown is the DME display, 

below the vertical speed indicator. 

The compass of the HSI shows we are headed 

southeast, 128° (the white numbers under the 

white vertical ‘lubber line’ at the top of the 

compass rose). 

The CRS is pointing just west of south, 184°.  Since 

the center segment, the course deviation 

indicator, is aligned (or almost – sometimes you 

cannot get it perfectly aligned when moving) this 

shows that we are on a line that runs along a 184° 

(magnetic) direction from the center of the VOR.  

AND – you know that you are 184° FROM the VOR 

since the white triangle to the right of the needle (with a red arrow pointing at it) is pointing in the OPPOSITE direction 

of the yellow needle and TO the VOR (the triangle of the HSI always points TO the VOR) 

– and the triangle is pointing north to the VOR.  Huh?  How do I know it is pointing 

north??   Looks like it is pointing to the left and somewhat downward.  More on that in 

a moment. 

 

Here is what it looks like on a map: 

The aircraft – here – is 184° FROM the SAT VOR –  which is up here  

 

Note that the aircraft is not flying along the radial – it is heading 128° and is currently 

crossing the 184° radial of SAT VOR. Recall that an aircraft’s relationship to a VOR is 

always expressed as the radial from the VOR.  The needle will center when the CRS is 

set as shown because the direction that the aircraft is pointing does not need to be in 

the same direction (or 180° opposite direction) as the radial the HSI cursor (or 

omnihead OBS)is set to.  In this case, the aircraft is currently crossing the 184° radial of 

the SAT VOR so the needle (at least at this moment) centers because of its setting.  And 

– from the DME readout we see we are 6.2 NM from the SAT VOR. 
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Your Position TO a VOR 
If we rotate the OBS course indicator selector 180° as we cross the 

184° radial of the SAT VOR the course indicator (yellow arrow) now 

points 004°, the center segment (course deviation bar) again aligns 

with the arrow head and tail – BUT the triangle (at the red arrow) 

now shows that this is the heading TO the SAT VOR (remember, the 

triangle of an HSI always points TO the VOR).  And … 

For an HSI with course deviation indicator centered, when the white 

triangle points in the same direction as the CRS arrow the cursor is 

also pointing TO the VOR.  If the triangle points in the direction 

opposite of the CRS arrow (and the course deviation indicator is 

centered) the direction the cursor points is the radial FROM the VOR. 

Conventional omniheads like that in the Cessna 172 appear somewhat different but show the same things.  Here is what 

this type of VOR indicator looks like when the OBS is set (by turning the knob at the lower left, labeled ‘OBS’) to center 

the needle, the OBS dial is set at 184° - under the top triangular reference point, circled on the figures below - just as it 

was in the first illustration on the previous page: 

With this type of omni display there is no arrow.  Just a vertical bar 

that swings right and left, pivoting from the top (like a pendulum).  

Look back at the same omnihead shown on the first page – you can 

see that the vertical needle is shifted (‘swinging like a pendulum’ 

from the top pivot) to the left in that illustration. 

The horizontal needle is used to indicate the position of the 

glideslope relative to the aircraft for an ILS approach.  That will not 

be active when a VOR is selected and will remain horizontal. 

Note here that the white ‘triangle’ is located at the bottom of the 

display.  Don’t confuse this with the small reference triangle just 

below it.  Since it is pointing down we know that the 184° direction 

(circled) is FROM the SAT VOR.  This is exactly the same as was 

shown on the map on the previous page.  But, with this type of 

omnibearing indicator there is nothing on the instrument that tells 

you what direction you are headed – you have to look at your 

heading indicator or magnetic compass to determine that.   

Rotating the OBS 180° degrees to the 004° setting the course 

deviation needle so it is vertical (centered) the triangle flips so it is 

now pointing upwards, indicating that is the direction TO the VOR.  

For this particular type of omnihead the triangle points up for ‘TO’ 

and down for ‘FROM’ – some omniheads include the words ‘TO’ and 

‘FROM’  next to the triangle.  But – potential confusing point alert:  

Even though it may say ‘FROM’ the triangle actually always points TO 

the VOR just as the HSI triangle does.  Read on … 
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TO/FROM Indicator – ALWAYS Points Towards the VOR Station 
So, back to how we know where we are with respect to the VOR (or, where the VOR is with respect to us) and why it is 

true that the triangle always points TO the VOR (even if it says 

‘FROM’).   

We’ll start with an easy one - When the course deviation needle is 

centered we know we either on the radial the OBS (or CRS) is set to if 

the TO/FROM indicator shows ‘FROM’ or on the reciprocal of that 

radial if the TO/FROM indicator shows ‘TO’.  In this case we are 184° 

FROM the VOR (or, nearly due south of the VOR). 

Looking at the omnihead at the left how do we know that the VOR is 

north of our position?  Logically, if we are more or less due south of 

the VOR the VOR itself must be north of us.  But, the omnihead 

actually tells us where the VOR is (you’ll see why this is important 

when the location of the VOR is not so obvious in some upcoming 

examples).  We know the VOR is north of our location because the TO/FROM (disambiguation) indicator is pointing to 

the north.  Yes – it is pointing down, but if looking at the heading dial (‘compass rose’) the TO/FROM indicator is pointing 

to the north (even though you might interpret this as “pointing down, so that means pointing south”).  No – it has 

nothing to do with your viewpoint of the instrument.  It has to do with how the OBS (or CRS) is set.  In this case the OBS 

‘compass rose’ (heading dial) has north at the bottom.  It could be anywhere.  And, even though the down triangle is 

termed to be indicating ‘FROM’ (and may even be labeled as such) 

the triangle is pointing towards the VOR – in this case, pointing 

towards the north. 

Turning the OBS 180° the course deviation indicator is again centered 

and the disambiguation indicator is pointing – still – to the north, 

now at the top because the heading dial was rotated 180 degrees.  

The OBS setting shows that the ‘TO’ indicator is pointing towards the 

north - the direction (from the aircraft) the VOR station is.  We have 

not moved, we just rotated the OBS, and the VOR station certainly 

did not move, so the VOR station is in the same place relative to our 

aircraft – to the north.  And, the triangle, as always (and also true for 

the triangle of an HSI), is pointing towards the VOR. 

… and, the Course Deviation Indicator Points to the Radial 
Consider the omnihead shown at the right.  Where is the VOR station with 

respect to our position?  The TO/FROM indicator is pointing up (TO) – and as 

always the triangle points in the general direction of the station - so the station 

is somewhere between 300° and 120° (030° being the middle of this range) 

from our position.  The course deviation indicator is pointing right, so the VOR 

station is also somewhere between 30° and 210° (120° is the middle of the 

range) from our position.  Since those two segments share only one range in 

common – 30° to 120° - the VOR station must be somewhere between those 

two directions, so the VOR station is somewhere in the general direction of 

northeast of our aircraft (somewhere between 30° and 120° from our aircraft – 

reading the directions from the OBS indicator because north is NOT ‘straight 
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up’ as might be the case from a conventional compass – in this case 30° is ‘straight up’).  In this case we know (because 

the course deviation indicator is not pinned to one side or the other) that we are about 4° (2 ‘dots’) away from centering 

the needle on the 210° radial (the radial – FROM the VOR).  If you want to intercept the 210° radial (center the needle) 

which way do you turn towards?  The course deviation needle tells you.  Since it is to the right it is telling you that you 

need to head 120° to get to the desired radial (the rightward needle is ‘pointing’ to 120° - pointing to the radial).  That 

direction would get you there the fastest.  You could pick some other heading in the general direction that the course 

deviation indicator is pointing, like 060° if you want to intercept the radial at an angle and fly TO the VOR.  It would just 

take you a bit longer to intercept the radial because you would be at an angle to your desired course, not going straight 

towards the desired course.  So, you may have already concluded that the course deviation not helps locate the general 

direction of the VOR but specifically the course deviation indicator points in the direction of the radial selected by the 

OBS.   

Another example:  The TO/FROM indicator is showing that the VOR is somewhere 

between 010° and 190° (the upper half – the triangle always pointing towards the VOR) 

and the course deviation needle is showing the VOR located between 280° and 100° (the 

left half) so the area shared by both is between 010° and 100° (the left upper quarter of 

the OBS ‘compass rose’ based on how it is currently set), so the VOR is somewhere 

between those two directions, or somewhere (generally) in a northeasterly direction 

from the current location of the aircraft.  Again, the course deviation needle is not fully 

‘pinned’ to the left.  It shows a deviation from the selected radial (the 280° radial) of 6° (3 

‘dots’).  So to fly (the shortest distance) to the 280° radial we would fly on a heading of 

010° - the heading the course deviation indicator is pointing at because it is pointing at the radial, which is 6 radial 

degrees to the north (towards 10°, to be precise).  From a practical standpoint  you would probably intercept the 280° 

radial inbound to the VOR at an angle, so some heading between 010° and 100°, like 040°. 

The VOR Tells You The (General) Direction the VOR Station Is from Your Posistion 
Another – this time some lines and shading have been added.  You can do this pretty 

easily ‘mentally’ which eliminates all the ‘which thing is pointing which direction’ stuff.  

The red line with the red shading shows the region that the VOR is in based on the 

TO/FROM indicator – between 090° and 270° (so, mentally picture the bottom half of the 

omnihead ‘covered’ if the disambiguation indicator is ‘FROM’ (or ‘cover’ the top half if 

‘TO’).  The yellow line and shading shows the region that that the VOR is in based on the 

course indicator (between 180° and 360°) – so mentally cover the left half of the 

omnihead.  The red and yellow regions overlap between 180° and 270° (the left lower 

quadrant of the omnihead) – so the VOR is between 180° and 270° from your current 

position.  And, logically your aircraft is somewhere between north and east of the VOR 

station (the right upper quadrant which is not shaded at all).   

One more – at the right.  This time the course deviation indicator is pinned to the right.  

TO/FROM  flag is ‘TO’.  Mentally cover up the top half and the right half.  This leaves the 

right upper quadrant as the shared area, so the VOR is located somewhere between 30° and 

120° from our position.  Since the needle is pinned to the far right we know it is somewhere 

in a direction between 42° and 120° from our current position (generally to the northeast) 

and this means that our aircraft is somewhere southwest of the VOR – we don’t know where 

with any precision because the needle is pinned.   
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Why did we say that the VOR was somewhere between 42° and 120° from our position and not a direction between 40° 

and 120° from our position (or between 30° and 120°)?  Well, since the needle is pinned to the right we know that the 

station is both generally towards the east and at since it is beyond the fifth dot we know it is somewhere (generally) east 

of our OBS setting 030° + more than 10°.  Variations on the “full scale deflection” theme have appeared on FAA exams.  

At least one interpretation is that if you are at the fifth ‘dot’ you know that you are 10° from the selected course and if 

beyond the fifth ‘dot’ you are more than that – and the answer the FAA appears to be looking for to the question of 

“What does full deflection of a VOR course needle represent?” is at least in some cases 12 degrees. Sometimes it is 10 

degrees.  Do NOT take either of these as the correct answer.  FAA questions change constantly.  The FAA changes its 

mind regarding what is the correct answer on a regular basis.  But, 12° was used here to illustrate the point that you 

might see this question on an exam and the right answer might be 12 degrees.  The course deviation indicator is still 

pointing towards the 210° radial where the closest point of that radial lies 120° from your current position.  But we don’t 

know if flying 120° will get us to the 210° radial in 13 radial degrees, 30 radial degrees or within anything less than 78 

radial degrees. 

A word about doing the ‘mental overlap’ process using the HSI:  As stated earlier, the triangle of an HSI always points 

‘TO’ the station.  The course deviation indicator points in a direction towards the selected radial.  The two combine to 

identify the (general) direction the VOR is from your aircraft.  The ‘mental process’ of visualizing which direction the VOR 

is from you aircraft is slightly different (but only slightly).  Instead of mentally picturing 

an area at the top or bottom half of the compass rose for the TO/FROM indicator and 

a left or right half for the course deviation indicator, picture the halves based on the 

cursor and the line of ‘dots’ perpendicular to the cursor as shown at left.  In this case 

the VOR station is somewhere in the general direction of northeast – somewhere in 

this quadrant defined by the area (the green triangle) shared by 

the directions indicated by the ‘TO’ triangle and the course 

deviation indicator.  And, relative to the VOR station, your aircraft is southwest of the 

station – the quadrant of the HSI opposite the green shading where the VOR station is. 

VOR – No Signal 
Be aware that the needle will center when there is no signal being received.  This may mislead a pilot into thinking the 

aircraft is on course.  The reasons for no signal include being out of range of the VOR that you are tuned to, entering an 

incorrect frequency, entering the correct frequency but forgetting to swap that frequency from the standby position to 

the active position in the NAV radio, and faulty equipment or simply a radio that is turned off. 

Split needle displays as seen on an HSI have a red flag that is displayed – this indicates 

that NO SIGNAL is being received.  Note that the center portion of the needle is aligned 

with the head and tail portion when no signal is present. 

Conventional omni head displays like those in the 

Cessna 172 show a red and white striped ‘barber pole’ 

where the TO/FROM triangle would appear  – next to 

the NAV label –  when there is no signal being received. 

Note that here,  as in other illustrations of this type of VOR indicator, the glide slope 

(GS) indicator also has the red and white ‘barber pole’ indicating no glide slope signal 

is being received – as expected, since this would only be active if tuned to and in range 

of an ILS approach or other approach with a glide slope.  Don’t confuse the two. 
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More on TO/FROM 
 

The OBS or CRS setting dictates which half of the VOR is ‘TO’ and which half is ‘FROM’, but TO and FROM also depends 

on which side of the VOR your aircraft is relative to the OBS dial setting since the TO/FROM triangle always points 

towards the VOR station regardless if it says ‘TO’ or ‘FROM’ next to it.  Picture this from the VOR station standpoint:   

For example, if your OBS is set to 100° (the 100 degree mark is at the top) then 

each half of the VOR is defined by a line running from 90° left and 90° right of this 

point.  So here that line (shown in red) runs through 10° and 190° of the VOR – the 

OBS setting (100°) is the blue arrow and the two halves of the VOR become the 

halves either side of the red line – one half between (ignoring the overlap for now) 

010° and 190°, the other half between 190° and 010°. If you are on the SAME side 

as the half that includes the OBS or CRS setting your omnihead will indicate FROM 

because it is pointing back to the VOR station.  If you are on the opposite side of 

the half that includes the OBS or CRS setting then your omnihead will indicate TO 

the VOR because the triangle is pointing forward towards the VOR station. 

This is what your omnihead would look like if set to the Corona VORTAC as 

described above.  Because of the TO/FROM indication and the course deviation indicator 

position you know your aircraft is in the shaded area shown in green.  In fact, since we are 

6° (three ‘dots’) off course (to the south) of the line based on the OBS setting of 100° - we 

know we are to the south of that line (south of the 280° radial) because the course 

deviation needle is pointing towards north where the VOR is (in general) and the 280° radial 

is (specifically) so we know where we are more precisely than just ‘somewhere in the green 

quadrant’.  We know we are somewhere on or along a leftward extension the yellow dotted 

line (on a westward extension of the yellow dotted line, as far west as we can receive the 

VOR).  

If your OBS is set to 325° as shown in the figure below then the VOR area is 

divided into two halves along a line from 235° to 

055°.  And if the TO/FROM indicator is showing 

‘FROM’ (triangle pointing down) as shown at the 

left then your aircraft is on the SAME side as the 

heading the OBS is set to.  The course deviation 

indicator is pinned to the left, so unlike the example 

given just above this one, we only know that we are 

somewhere in the green triangle (or beyond).   

ONE ADDITIONAL AND IMPORTANT POINT: 

If the TO/FROM indicator is not displayed (there is no triangle or other indicator 

of any kind) then the reason is one of the following: 

1. You are not receiving a VOR signal 

2. You are directly above the VOR – in the ‘Cone of Confusion’ 

3. You are on a line exactly perpendicular to the OBS setting – the red line (or extension of it) in the examples 

shown above.  Note that this can be seen on FAA tests so be familiar with this phenomenon. 
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Test Your Knowledge 
Below is a figure used in past FAA exams (and, maybe current ones).  Match the aircraft (#1 through #8) with the 

corresponding omnihead displayed in the bottom portion of the figure, VOR indicator T, U, V, W, X, Y and Z.  Note that 

the bottom three – X,Y and Z – have no TO/FROM indication.  These illustrate reason #3 described at the bottom of the 

previous page.  And, the FAA has chosen to use an omnihead that does not display the full ‘compass rose’ so you have to 

deduce what is under the hidden portion of the heading display on the right and left sides of the omnihead.  On the 

other hand they do specify “ Note:  OBS set to 180° ” 
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This figure is from a current (at the time this was written, so that might have been a week ago, a month ago or a lifetime 

ago) Private Pilot written exam.  Some of the questions in reference to omnihead figure 1-9, below were (or similar to): 

1. # 7 – What is the aircraft’s position relative to the station 

2. # 5 – What radial is the aircraft crossing? 

Others gave a location on a sectional and asked you to match that location to the correct figure, below.  You can use the 

figures to practice identifying your position, the VOR station position, radial you are on or identifying any other 

information each figure gives.  One exercise to try is:  For # 1, 4 and 7:  If your DME shows 40 NM from the VOR, how 

many miles off course is your current position?  (Page 28 might give some help in answering this). 
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VOR – Display on Aviation Charts 
 

The type of VOR station is identified by the symbol style used – the three common types are: 

 

VORTAC stations combine VOR and Tactical Air Navigation facilities.  Civilian aircraft 

use the VOR portion of these stations.  TACAN is used for military navigation 

 

VOR – conventional VOR (no DME) 

 

VOR plus DME – designated by the conventional VOR symbol with a box around it. 

 

The VOR symbol that shows the type of station is located within a 

compass rose.  In the case of Hill City, at left, this is a VORTAC station.  

The compass rose is oriented to MAGNETIC north and there is a line with 

an arrow pointing to magnetic north (zero degrees). 

Numbers on the outer rim of the compass rose correspond to the four 

cardinal points (north, east, south and west: 0, 9, 18 and 27 respectively) 

as well as every thirty degree interval between these points, numbered 

with their corresponding magnetic direction (zero dropped).  The 

cardinal and other interval points also have small arrow heads pointing 

towards them. 

 

Note that, like the example of the MHK VOR located on an airfield, the 

symbol for the airfield itself obscures the VOR symbol.  In this case the 

actual location of the VOR is shown as a small circle within the airport 

symbol        

 

 

The circle might lie between runways for those airports 

depicted by bordered runways (e.g., for airports with 

runways longer than 8069 feet) 

Looking at the box which contains the navaid 

information (upper right of the figure) you can see this is the Manhattan 

VOR-DME, along with the related frequency, channel, abbreviation 

(MHK) and Morse Code identifier symbols.  When the navaid symbol 

cannot be included the navaid type will be specified above the info box. 
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Flying by VOR – Flying TO a VOR 
 

Flying TO a VOR is relatively easy.  Once you identify the heading TO the VOR you turn to and hold that heading.  Simple 

as that.  To demonstrate this – and, you might want to follow along in the simulator after reading through this once: 

Depart Thibodaux Municipal (L83) and head for an airport that has a VOR station on the field – the Reserve VOR (RQR 

110.80 MHz) which is northeast of L83.  Tune your NAV 1 radio to 110.80 MHz and verify this is the active frequency.  

BUT – sitting on the ground you may find that there is no signal – see the panel below from the Baron 58.  The red ‘NAV’ 

flag tells you that there is no signal being received. 

 

The reason for no signal is simple.  You are sitting on the ground and even though the VOR station you are tuned to is 

only 24 miles away there are a bunch of buildings, some people, cows, bridges, maybe an alligator or two between you 

and the station.  It is not unusual to have no reception when on the ground unless the station is only a mile or two away. 

Once airborne (in this case you only need to be up  two or three 

hundred feet) the VOR will come alive.  As with any other navigation 

aid you should verify that you are tuned to the correct frequency (the 

VOR will come alive if tuned to any station in range so just because the 

VOR is now active does not guarantee that you are tuned to the correct 

VOR station).  The frequency is verified by confirming the correct 

Morse code identifier is heard when activating the NAV1 radio audio.  

RQR:  _ . _     _ _ . _     _ . _ 

Note that at this point we are heading almost due east.  We know that 

RQR is northeast of our current position (and in this case we departed 

L83 on Rwy 08 - see the figure above, sitting on the ground – the 

departure end of the runway has us facing in an easterly direction).  
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And, since we knew that we were going to head northeast you could have already set your course indicator (the yellow 

arrow here) or your OBS dial (for omni heads like those in the Cessna 172) to a general northeasterly direction.  This 

makes for less knob-turning while you are trying to fly.  And we also know to turn the CRS towards the northeast based 

on the position of the TO/FROM triangle and course deviation indicator using the techniques discussed earlier. 

Keeping in mind the rule of priorities while flying: 

Aviate 

Navigate 

Communicate 

The first thing we are going to do is aviate – depart the airport, exit 

the pattern appropriately and turn to our initial heading.  This is not 

GPS point-to-point flying so you do not have to move back to the 

“magenta line” once you are airborne.  Here we simply turn in the 

general direction we want to go, get ourselves to an appropriate 

altitude, level off and ensure our aircraft is stable and safe – then we 

can start the ‘Navigate’ part. 

At this point the map at the right shows your current position and the 

path that you took to get there (the red line from the airport to the 

airplane symbol).   

 

The corresponding HSI now looks like this – the gyro compass now showing a 

heading of 030° but we still have not moved the course indicator.  Now move the 

course indicator (or rotate the OBS card, in the case of an omnihead like that in 

the Cessna 172).  You know a couple of things.  First, being a good pilot you 

carefully planned your flight so you know that your destination is in the general 

direction you are now flying.  Second – the TO/FROM indicator and course 

deviation indicator shows that the VOR is generally towards the northeast, the 

general direction you are already flying.  (Same as on the previous page but since 

you turned from an easterly heading towards the north the HSI has a different 

orientation since the gyro compass turns with you but the TO/FROM and course 

deviation indication still has the VOR station in the same place – northeast. 

 

Rotate the cursor (lower left, the one with the arrow symbol) clockwise towards our 

current heading until the needle starts to center – once the needle starts to move you 

can slow down so as not to overshoot  your desired radial .  You can continue to adjust 

the cursor (or OBS) setting or simply fly a bit to the west (in the case of the HSI 

pictured at right which shows us about 4 radial degrees to the east of a direct ‘TO’ 

course) and intercept the radial and fly inbound on the radial (tracking the reciprocal 

of the radial heading) to the VOR. 
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Once the needle is centered turn your aircraft to 

the same heading the course indicator is 

pointing.  If the center section of the needle 

moves right (or in the C172, the needle swings 

right) nudge your heading a bit to the right until 

the needle re-centers.  If it moves to the left, 

nudge a bit left until you are centered again. 

 

 

So – why change your heading a bit to center the needle?  Why not just re-center the 

needle by turning the course indicator knob?  Because – VOR radials have no relationship 

to the direction of flight.  If you keep turning the course indicator to center the needle 

without adjusting you heading all you will do is keep the needle pointing towards the VOR 

station as you fly past it – maybe many miles away. 

Once you determine your course TO the VOR keep the needle centered.  If you want some help keeping the aircraft 

pointing in the right direction you can hit the NAV button on the autopilot.  ‘Otto’ will keep things on track for you.  Note 

that we are headed to our desired destination but are well to the right of the ‘direct’ course line (shown in black in the 

small map section above).  If you were flying ‘GPS Direct’ the autopilot would move you over to that line.  In this case 

there is no need since your line of flight and the ‘direct’ line between L83 and RQR will converge at RQR.  No need to add 

extra distance to your trip by moving over to the ‘magenta line’.   

 

 

Here we’re a bit to the left (towards the west) of our desired course – or 

looking at it differently the desired course (shown by the center segment 

of the course indicator or, for the C172, shown by the needle swinging to 

the right, as pictured in the figure below the HSI version at left) is a bit to 

the right of where we are – a bit towards 120° because there course 

deviation indicator is pointing towards that direction.  So, we need to 

move to the right (as shown at right) to intercept the course again. 

 

 

Once the center section gets close to alignment with the head and tail 

(or, for the Cessna 172, once the needle starts to swing to the center) you can begin your turn 

back to course.  Watch the rate the needle moves to judge when to start your turn back to course.  

If it is moving very slowly in the correct direction you can wait until it is almost centered.  If 

moving quickly you will need to turn sooner to keep from overshooting the course.   
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Overflying a VOR  
 

When you overfly a VOR some interesting things happen; and there is a bit of a test of faith in your own flying skills.  

VOR signals do not exist above a VOR – picture a “cone of silence” (or as Colorado Al reminded me, often termed the 

“Cone of Confusion”) vertically from the center of the VOR station.  The cone of confusion becoming larger the higher up 

you are – the angle of the sides of the cone can be as wide as a whopping 50 degrees! 

 

So if you are at FL 350 you are going to have no signal for about 9 

NM (assuming the station is within a couple of thousand feet of sea 

level).  Fortunately your ground speed is probably around 450 

knots so the “time of confusion” while in the “cone of confusion” is 

just a little more than one minute. 

If you’re down here – a couple of thousand feet above the VOR 

station, the cone is about ½ NM wide.  Fifteen seconds of confusion 

at 120 knots. 

 

 

NOTE TO THOSE USING AUTOPILOT – Some autopilots will automatically switch to the heading mode when VOR signal is 

lost.  Others have algorithms that put them in a dead reckoning mode for some determined period of time then reset to 

fly based on the VOR signal.  Feel free to experiment but be aware that some interesting and possibly not-so-

comfortable things may happen when crossing a VOR station with the autopilot coupled. 

In spite of the theoretical “no signal” cone your VOR indicator may not show a no-signal flag.  In fact for relatively low 

altitude flying when you are over a VOR the flag will not appear.  BUT – the course and TO/FROM indicators will let you 

know you are in the cone. 

So here’s what happens – or at least one scenario that you can expect: 

Heading to the VOR all looks well.  Needle centered as shown in the illustrations in the previous section.  Generally the 

sequence of events as you enter and pass through the cone of confusion is: 

1. The needle deviates to one side or the other – and can do so fairly quickly.  At this point do not chase the 

needle.  You will not be very far off course (if at all) – if you are a mile away from a station a full (12°) swing of 

the course deviation indicator is only two tenths of a mile off course.  Any correction needed will be small and 

you can make the correction on the other side after crossing the station. 

2. The TO/FROM indicator switches (flying TO it goes to FROM, flying FROM it goes to TO) 

3. For a period after the TO/FROM indicator switches the needle remains well off center and may swing from full 

deviation on one side to full deviation towards the other side.  Just wait – it will move back close to center if you 

have not changed your heading (or the OBS setting). 

4. Finally, the needle begins to move toward center.  If you have maintained your course it will be perfectly 

centered but generally there is some small correction that needs to be made. 
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To illustrate this: 

Flying on course (as shown in the previous section we begin to 

enter the cone of confusion – still 0.6 DME away. **   

**IMPORTANT INFORMATION about DME distance from a VOR 

to follow. 

 

The TO/FROM indicator still shows “TO” 

 

The course deviation bar moves off center – in this case to the 

right.  

 

 

As we progress 

through the cone the TO/FROM indicator switches to FROM  

 

Here the course deviation indicator stayed fully right. 

 

 

 

As we continue the needle then begins to return to center.  A small 

adjustment may be needed to return to the original course but usually the 

adjustment will be small, and the heading change needed to make the 

adjustment very small (relative to the heading change for the same course 

deviation if you are 40 or 50 NM away from the VOR station). ** 

** IMPORTANT INFORMATION about course adjustment based on distance 

from the VOR station to follow. 

SUMMARY – Flying Through the Cone of Confusion: 

1. TURN OFF the autopilot – or switch it to Heading mode.  (Unless you know ‘Otto’ will fly the cone correctly) 

2. DO NOT CHASE THE NEEDLE when in the cone.  Keep your original heading 

3. Watch for the TO/FROM indicator to switch first 

4. Then watch for the course deviation indicator to re-center 

5. Make corrections back to course if needed – but heading change to make a correction should be small. 
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Flying by VOR – Flying FROM a VOR 
 

Sometimes the FAA just has not cooperated and fails to put a VOR station exactly where you would like to fly TO.  So, 

flying FROM an available VOR would be the reasonable option.  Generally you fly from a VOR that is on the field where 

you are departing from or, in the case of this example in the vicinity of the field OR located such that the radial to be 

flown FROM passes near the departure point. 

A trip from KPCU to M24 (Dean Griffin Memorial Airport) – not direct (not along the dashed blue line) but via the PCU 

VOR: 

 

Unlike our somewhat cavalier approach to setting up our VOR in the air for the ‘Flying TO’ example this time we should 

take care to set things up before we depart (and – just to make the point, we should have done the same previously). 

- First, set our NAV radio (usually NAV1) to the Picayune VOR (PCU) frequency, 112.2 MHz.   

- From the sectional (or in this case, Plan-G) we have determined that the radial FROM PCU to M24 is 055°.  (To 

emphasize that radials of a VOR are always FROM the VOR, saying the “radial FROM” is redundant but 

acceptable when you want to be clear about what needs to happen).  

- Turn your OBS to 055° 

We depart KPCU on Rwy 05 – very convenient for us, but if you depart Rwy 23 you would simply turn around and the 

rest of what is to be described will then apply. 
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Being an uncontrolled airport we elected a straight out departure from KPCU Rwy 05, making the appropriate radio call 

for an uncontrolled facility.  Holding the runway heading until we are at our cruise altitude and in cruise configuration 

(remember – aviate, then navigate) things look like this: 

 

Straight and level, cruise configuration, OBS set to 055° with the desired course – as expected, since you know what this 

looks like on the map to the left of our current position.  You also know the desired course is to the left (towards the 

northwest) of our current position since the course deviation indicator, pointing towards 330° is telling you exactly that. 

Turning left (here we turned about 20° to the left of our straight-out 

departure course) we find that after a while the course deviation indicator 

starts to move towards the center.  (In the Cessna 172 the course deviation 

needle will begin to swing from the left side of the omnihead towards the 

center).  Watch the rate that the course deviation indicator moves towards 

the desired course as set by the OBS to help you time your turn to the right 

to intercept the course.   

Here we are on course – the “solid 

needle” on the HSI (or vertical 

needle in the C172) but note that our heading is actually a bit right of course.  

This is because in making this example there was a fairly brisk crosswind from 

129° so we have to crab a bit to the right to compensate and keep the needle 

centered.  Wind correction is not covered here so the interested reader can 

consult other resources.  Google to the rescue again! 
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At this point this is what the track looks like.  We are on course for M24. 

 

 

 

SO – How do we know when we’ve gotten to M24? 

A couple of ways.  From the map you can identify that M24 is 34 DME (this is the correct terminology to indicate that 

M24 is 34 NM by DME) from PCU.  So, at about 31 DME before M24 (assuming you are flying at some appropriate 

altitude – a couple of thousand feet, for example) then just start looking for the airport.  It should be directly in front of 

you if you have maintained your course correctly. 

The other way would be to triangulate your position.  To do this you needed to have a second VOR station or NDB (we 

will stick with VORs at this point) within range and preferably one that is roughly perpendicular to the radial on which 

you are currently flying.  And, if there is a choice between VORs pick the one that is closest to your flight path (but not 

too close).  We’ll get to the reason for picking both one perpendicular to the flight path and one that is close but not 

“too close” in a bit.  A rough rule of thumb is 20-30 NM away. 

SUMMARY – Flying FROM a VOR: 

- Tune your NAV radio to the correct frequency 

- Rotate the OBS to the FROM radial 

- Once the VOR indicator becomes ‘live’ verify the correct frequency (Morse code signal from the VOR) 

- Turn towards the radial to intercept it.  See the discussion later about distance from the VOR and how this 

affects the rate of change of each radial degree – the Why Distance Matters section 

- Hold that heading.  Fly ‘towards the needle’ if the course indicator moves to one side or the other of center
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Triangulating Your Position 
Below is an expanded view of the area we are flying.  There are two VORs that are fairly close to being at a 90° angle to 

the path of flight near the destination M24 – the Gulfport (GPT) VOR about 27 miles to the south and the Eaton (LBY) 

VOR a little under 36 NM to the north.  Being the closest, we’ll pick GPT.  Looking at the radial extending from GPT to 

M24 we see it passes through the 350° point of the compass rose around the GPT VOR – this  represents the 350° radial 

– remember that a radial extends FROM a VOR.  

 

So if we tune our SECOND NAV RECEIVER (NAV2) to the frequency of the GPT VOR (109.00 MHz) then watch the VOR2 

needle (in the case of the Baron 58 – we will show what this looks like in the Cessna 172 right after this) then when the 

TAIL of the VOR2 needle is pointing to 350° (the arrow head part is pointing TO the VOR) and we are on the original 055° 

radial FROM PCU we will be over the airport. 

Here is what 

that looks like 

– not 

absolutely 

precise (again, 

to be discussed 

later) but 

pretty close. 

 

VOR2, tail of the pointer (the 
double-lined pointer) is pointing 
almost to 350° 

 VOR1, our primary VOR indicator on the HSI 
is just slightly right of course (we are just to 
the right of the center of the airfield). 

The line from GPT to M24 is in the 350° 

direction – it passes through that point on 

the compass rose that surrounds the VOR 
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In the Cessna 172 this is what you will see.  Omni head one (NAV1, on top), tuned to 

the PCU VOR in the NAV1 radio is centered on the 055° radial FROM the PCU VOR - 

the radial we have been flying on since intercepting this after our departure from 

KPCU. 

 

 

VOR2 – tuned to the GPT VOR using the NAV2 radio should look like this.  Note that 

you have to rotate the OBS to set the correct radial heading on the card - 350°.  And, 

note that the TO/FROM indicator is ‘FROM’ as designated by the downward pointing 

triangle. 

 

So what did this look like on our way to finding M24?   

The map at left - we are about 12 NM from our 

destination.  You can see that the VOR2 course 

deviation indicator is on the far right, indicating that 

you are at more than 10° (12° or more – going back to 

the FAA exam question) to the left of the desired 

radial.  Take a minute to see how ‘left’ and ‘right’ is 

viewed – it is from the perspective of the VOR.  

Looking from the GPT VOR towards M24 the VOR sees 

you at the current position as being left (west) of that 

line.  The VOR2 course deviation needle is pinned to 

the right – pointing east, where the radial is. 

And, since the maximum deviation a VOR can display 

you can only say you are at least 10° (or 12°) to the 

left.  In fact you are about 30° to the left. 

 

 

 

 

 

 

~4 NM out-the needle starts to move.  
Here we are at 3.5 NM out.  8° deviation 

At 2 NM out – just a bit more than a 4°  
deviation from center 

1 NM out – just about a 2° deviation 
from center, nearly over M24 
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If you were in the Baron 58 you would the picture is a bit simpler – because you can watch the VOR2 needle rotate as 

you progress along the course FROM the PCU VOR. 

 

Here we are at 12 NM out – as shown on the map on the previous page.  

And, as stated earlier when pointing out that the maximum deviation a 

standard omnihead VOR can display is 10° (if beyond that, it is 11° or 

12° - back to the FAA exam question), so all you can say is that you are 

at least 10° to the left.  In fact you are about 30° to the left, and the 

radio compass-type display  - the radio magnetic indicator (RMI) shows 

just that.  The tail of the double arrow is pointing to 320° - we are 

looking for 350°.  The advantage of the RMI is that you see how far you 

are from any given radial (in degrees) because the head of the RMI 

always points towards the VOR station.  The thin ‘tail’ of the arrow 

points to the current radial FROM the VOR.   

BUT – what is that second needle doing pointing exactly in the same direction???  That is the NDB needle and this is it’s 

“off” position.  It is not receiving any signal at all.  This is pure coincidence.  You will see in the pictures, below. 

Radio Magnetic Indicator (RMI) displays such as the one shown above do not have “off” flags like the red NAV flag on an 

HSI-type display or the “barber pole” on a conventional omni head.  Instead, they have an off position –it can be 

anything.  Here the NDB “off” position is with the needle horizontal.  It is also not unusual to have the “off” position of 

the needle as vertical or at a 45 degree slant across the dial face.  One of the potential pitfalls of the RMI. 

Here the non-functioning NDB needle in its “off” position just happens to coincide with the functioning VOR2 double 

needle.  How do you know that VOR 2 is getting a signal even though it too is horizontal?  Two ways – one which you 

should have already verified:  You checked the Morse code signal from GPT, right?  So you know that is the signal it is 

receiving.  Also, the needle itself is moving – as you can see in the pictures, below as we progress towards M24. 

9 NM out – well before the 
conventional omni head “pinned” at 
10° starts to move the RMI-type VOR 
needle shows you are now at the 335° 
radial (target radial is 350°) 

4.5 NM out –the  VOR needle shows 
you are now at the ~ 341° radial  

And at 2.5 NM out the VOR needle 
shows you are now at the 345° radial 
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Picking the Perpendicular VOR 
One way to illustrate why you should pick a VOR perpendicular to the path of flight is to show you what happens if you pick one (more or less) directly along the 

line of flight. 

Consider a flight from KPIB to 5R1, where you will depart KPIB and intercept the 083° radial from the Eaton (LBY) VOR. 

 

If you choose the Monroeville (MVC) VOR you can see that you will need to intercept the 262° radial from MVC – the radial from MVC that passes over the 

center of 5R1.  But this is almost exactly the line of flight so by the time you get to the intersection YARBO (which is 11.5 NM from 5R1) it would appear that you 

are at (or very close to) your destination – for a very long time.  Not at all accurate, you’ll agree. 

 

Compare this to choosing the Green Co. 

(GCV) VOR.  At YARBO you are at the 007° 

radial of GCV.  Your destination is along the 

030° radial.  Clearly using a (approximately) 

perpendicular VOR allows for much better 

discrimination of the triangulation point than 

one with a small angle to the path of flight at 

the destination.  In fact GCV is actually quite 

well positioned since you can verify your 

position along the route with good precision 

as you pass through the 360° radial about 25 

NM out to the 030° radial at your destination. 

 

It is left to the reader to experiment with this concept in flight.   
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Why Distance Matters 
 

VOR radials are just that – radials.  Like the spokes of a wheel they diverge relative to each other as you move away from 

the center of the VOR station. 

 

As shown at the left, the two radials, one 

degree apart, diverge as you move farther 

from the VOR station.  At 60 NM from the 

station one degree difference in radials 

means a mile distance (measured 

perpendicular to the radial).  At 120 NM 

away there are 2 NM in a 1° radial 

difference.   

 

See page 13 of the Rules of Thumb Document for more information on the 1 in 60 rule 

So, if you pick a VOR station a long way away you could be a mile or two one way or the other of where you want to be.  

So you say “but I can set my OBS perfectly so this does not matter”?  Well, recall in our earlier discussion about the 

general principles of the VOR that they, unlike you are not perfect.  Although many are within a third of a degree or so, 

the allowable tolerance is much larger – more than one degree (although most are within about one degree) – so for any 

given VOR station you might not hit the point you want due to this allowable variation.  And also keep in mind that the 

VOR receiver in your aircraft is also not perfect so this may add more error when trying to identify a specific position.  As 

stated earlier, picking as station 20-30 NM away works best in most cases. 

So why not pick one really close?  Because the math that says at 120 NM there is 2 NM between a one-degree radial 

difference still holds.  So 2 NM away there is only about 0.03 NM between each degree of radial.  If you are flying at 120 

knots (or 2 NM per minute) you would whizz through each degree of radial about every second, so before you can say 

‘Jack Robinson’ (should you choose to measure time in this way) you will be several degrees away from where you 

intended to be, VOR radial-wise.  (For conversion from ‘Jack Robinson’ to ‘Shakes of a Lambs Tail” see Google). 

So again, 20-30 NM away works well in most cases.  At 120 knots (flying perpendicular to the radial) the radial changes 

one degree every 10 to 15 seconds. Even at 180 knots a VOR 30 NM away gives you 10 seconds between each degree of 

radial. 

INTERCEPTING A RADIAL is the intentional movement across the VOR radial spectrum to get to a particular radial, usually 

done when flying FROM a VOR (and also done when intercepting the localizer on approach).  Like the example given 

earlier on flying FROM a VOR usually you will be fairly close to the VOR, at least to start with.  And generally there is no 

rush to get to a particular radial (again, like our example as shown on the map) so the “30° rule of thumb” for 

intercepting most anything works pretty well.  At a 30° angle to the desired course your aircraft will move laterally ½ 

mile for every mile forward it moves.  So if you are currently off  the 100° radial 10 NM from the VOR heading 140°  and 

you want to be on the 60° radial if you are flying at 150 knots (2.5 NM/min) a 30° intercept towards the 60° radial (which 

will require you to turn to a heading of approximately 030° degrees moving laterally at 1.25 NM per minute (1/2 mile 

laterally for every mile forward) then initially (~ 10 NM from the VOR) you will be crossing radials at the rate of 1° every 

eight seconds.  Sounds pretty fast but remember by the time you have flown for one minute you will be roughly at the 

https://secureservercdn.net/166.62.112.199/943.344.myftpupload.com/wp-content/uploads/2021/03/RulesOfThumb_02-1.pdf
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92° radial (remember you started at the 100° radial) and are now ~ 12.5 NM from the VOR, so your rate of change is now 

1° every ten seconds, so in the next minute you are at about the 86° radial.  Fast-forward to when you are getting close 

to the desired 60° radial.  At 25 NM from the VOR you will be at about the 66° radial and your rate of change will be 

about 1° every twenty seconds – so three degrees a minute which means it will be another two minutes before you 

intercept the 60° radial FROM the VOR.  And, at that point you will be about 30 NM from the VOR. 

Of course, you can (and should) make adjustments along the way.  And (although not mentioned before and not covered 

here) remember that you will need to correct your heading for wind speed and direction to make the aircraft’s track 

what you want it to be. 

SUMMARY – Triangulating Your Position: 

- Fly along a specific radial from one VOR (this is usually one that you are flying FROM) 

- Select a second VOR 20 to 30 NM away (if possible) and approximately perpendicular to your line of flight 

- Tune the second VOR (VOR2), verify that it is tuned correctly by checking the Morse code signal from the station 

- Rotate the OBS on VOR2 until you detect the radial FROM the second VOR 

- The intersection of the radial FROM VOR1 and FROM VOR2 is your position 

- You can set the OBS for VOR2 to the radial FROM VOR2 that intersects your line of flight at the destination and 

wait until the needle swings, then when centered (with VOR1 still centered) you will be at your destination, or 

- You can progressively track your course across the radials of VOR2 by adjusting the OBS 

Distance Measuring Equipment (DME) – a Few Comments 
 

Remember that if  your aircraft is equipped with DME and the VOR you are flying FROM is a VOR/DME station you can 

find your position at any time by knowing how far out you are from the DME along current radial.  No triangulation 

required.  Some things to keep in mind regarding DME: 

1. Distances shown are (for US aviation equipment) in nautical miles (NM), usually to the nearest 0.1 NM 

2. The distance displayed is the slant range distance – the distance from the station (on the ground) to your 

aircraft (in the air) – NOT the distance along the ground from the station to a point on the ground where your 

aircraft is directly above that point.  So, if you are directly over a VOR station 12,000 feet above that station’s 

elevation your DME will show about 2 NM, not zero. 

3. The rule of thumb is that if you are at least 1 NM away from a station for every 1,000 feet you are above the 

station you can neglect the slant range error.  If you follow this rule, the difference between what your DME 

displays and your actual horizontal distance (distance along the ground) from the VOR station is less than one 

tenth (0.1) NM.  Even if you are only ½ NM from the station and 1,000 feet above it the difference between your 

horizontal distance and slant range distance is less than two tenths (0.2) NM. 

4. DME is accurate to (only) ½ mile or 3% of the distance, whichever is greater.  So, identifying your location by 

DME 35 NM from a station may result in a one NM error. 

5. DME signals may be received up to about 200 NM – so if you are using a VOR that does not have DME be aware 

that you may be able to receive DME from a distant facility on the same frequency.  From A.I.M 1-1-7(g):  Pilots 

are cautioned to disregard any distance displays from automatically selected DME equipment when VOR or ILS 

facilities, which do not have the DME feature installed, are being used for position determination. 

6. DME used for instrument flight (IFR) can have additional limitations (e.g., used for intersection identification 

only when there is an ‘open arrow’, signal may not be received below the minimum obstacle clearance altitude 

or MOCA) – this stuff is beyond the scope of this document.
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Reverse Sensing  
Traditional training teaches that in most cases we “fly towards the needle”.  When off course you turn your aircraft a bit 

in the direction the needle (the course deviation indicator) has swung.  But we know there are situations that we call 

Reverse Sensing where if the needle swings right, we turn left, and vice-versa.  This usually comes into play when doing 

an instrument approach using a localizer.  But the same thing can be observed when navigating by VOR.  And, there was 

a time (and in some cases may still be taught by some) that the ‘correct way’ to navigate by VOR was to always fly FROM 

(turn your OBS so the disambiguation indicator showed ‘FROM’) a VOR because this defines the radial, and we navigate 

by VOR using radials.  Most now accept that setting the OBS to ‘TO’ when flying towards a VOR is the thing to do, as long 

as we do not constantly adjust the setting to keep the needle centered as was discussed earlier. 

By now you may have concluded that there is no such thing as Reverse Sensing other than the ‘visual perception’ that 

the pilot has.  The course deviation indicator is pointing to where you need to go in either the Reverse Sensing or the 

Direct Sensing (I just made that up – don’t know if the opposite of reverse sensing is called that as no one has ever said). 

A simple north-south direction example.  We’re flying off the Hill City (HLC) VOR.  And this is what 

our omnihead is showing – about 7° off course.  First, what would happen if we were flying this in 

today’s conventional manner:  Flying to the north (nose pointed north), FROM the HLC VOR.  That 

would look like this: 

So, to get back on course (the magenta line – yes, did that on 

purpose) you would turn a bit left – fly “towards the needle”.  

Turning a bit left would get you there. 

But, if you are flying towards the south, as shown at the 

right, the desired route being 360° radial but flying 

inbound then you would be as pictured at the right.  So, if 

you fly “towards the needle” (turning the nose a bit to the 

left, the side the needle has swung to) you would go even 

farther off course.  “Reverse Sensing” – you have to fly to 

the right, opposite the needle swing. 

But if you do not believe in Reverse Sensing (which you do 

not have to and maybe best not to, except as an accepted 

term that illustrates the phenomenon described above) 

then you probably know that the VOR is sensing (and 

showing) the same thing in both cases.  On the left, flying 

outbound, the needle has swung to the left – and is 

pointing to the west, the direction you need to fly to get 

back on course.  The picture on the right, flying inbound 

and the needle the same, to the left, pointing to the west - 

the direction you need to go to get back on course.  It is 

showing the same direction – west – in both cases.  

Nothing reverse about the second scenario.  Off course in 

the same place and showing to get back on course you 

need to fly to the west. 


