
VOR Navigation Page 1 
 

VOR Navigation in FSX 

Initial Steps 
(Please note that RMI – Radio Magnetic Indicators – are discussed and illustrated in a later section). 

For those with the default key strokes loaded you need only be aware of how to select the omni bearing indicator 

setting (OBS) knob in FSX.  This can be found in Settings | Controls | Buttons and Keys tab under the Category ‘Radios’ – 

OBS Indicator (select) where the default keystroke to activate this is to press the <Shift> + V keys (hold ‘Shift’ while 

pressing the letter ‘V’).  You can assign any unused key or keystroke sequence if you prefer. 

Once you hit <Shift> + V the ‘+’ and ‘-‘ keys at the top row of the keyboard (the ones you use to zoom the view in and 

out) will now control the OBS – ‘+’ turning it clockwise, ‘-‘ counterclockwise. 

To return to the usual zoom function of the ‘+’ and ‘-‘ keys hit the ‘1’ key (the number one at the top row of keys, not 

the number pad number 1 key).  You may need to click the mouse somewhere on the screen to bring the focus back to 

FSX then click the number 1 key. 

You can also adjust the OBS by hovering your mouse over the OBS adjustment knob – the mouse pointer will change to a 

hand with a finger pointing and have either a ‘+’ in it (if you are on the right side of the knob) or a ‘-‘ in it (if you are on 

the left side).  Once positioned click the left mouse button to rotate the course indicator (you can also click and hold to 

rotate through a large range more quickly). 

 

 

 

For an HSI-type display such as in the Baron 58 another multi-

component flight displays the OBS course indicator adjustment is 

the knob with an arrow  

 

 

 

For a conventional omni head like that in the Cessna 172 the OBS 

adjustment knob is also at the lower left but in this case is identified by 

the letters ‘OBS’ on the knob. 

 

 

Be sure you are familiar with how to rotate the OBS – being able to do 

this is a MUST to use the VOR properly.  



VOR Navigation Page 2 
 

Radio Stack 
 

The radio stack will differ depending on the aircraft you are flying.  Shown below is the Bendix King radio stack found in 

many light aircraft.  Others may look significantly different but the functions are very similar. 

 

NAV 1 and NAV 2 are used to set the 

frequency of VOR 1 and VOR 2, 

respectively.  Ensure that once you 

select the frequency you shift it from 

the standby location to the active 

location.  Various ‘hot keys’ for 

selecting and adjusting the frequency 

as well as swapping to the active 

position are available.  Frequencies can 

also be changed using the mouse.  

Those with radio panel add-on 

hardware can make the changes from 

these devices.  Those with licensed 

versions of FSUIPC and Al Klayton’s 

NpC Lua scripts can enter radio 

frequencies directly from the number 

pad of a standard keyboard.  It is left to 

each pilot to determine the best 

method for tuning radios. 

 

DME is a valuable adjunct to VOR 

flying.  More on this later. 

 

 

 

 

The autopilot will hold the VOR 

heading (just as it does the GPS, only 

the source is ‘NAV’, not ‘GPS’). 
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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. 

For a long time 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. 

However, in the static world of FSX VORs will live on (unless you update your navaids.  And, in some areas of the US 

VORs will remain a substantial part of the electronic navigation system (primarily the mountainous parts). 

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).  The second is a very narrow signal rotating clockwise 30 times per second.  

As it rotates the signal varies in phase compared to the master signal in a way that corresponds to the specific direction 

from the VOR station (this is called a radial).  In the aircraft the VOR receiver interprets the phase relationship to the 

master signal and displays this as a magnetic bearing (radial) from the VOR. 

VOR signal strength varies so some VOR signals can be received almost 200 NM away (provided your altitude is sufficient 

to be above terrain, objects and the curvature of the earth itself).  Others, used for VOR approaches and other local 

navigation purposes have fairly short-range signals, 40 NM or in some cases as low as 25 NM. 

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-

third of a degree.  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 thousands of discreet signals each 

with their own unique identifier – an identifier that the VOR 

receiver interprets as a magnetic direction from the center 

of the VOR station and displays 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 to the receiver antenna on the aircraft.  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”.   You can also locate your position 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.
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Understanding What the VOR is Telling You 
Here we are tuned to the San Antonio VOR (SAT), 116.80 MHz.  The OBS has been rotated so that the center section of 

the needle – the course deviation bar - (the part that is 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 (this is the 

Baron 58). 

The compass of the HSI shows we are headed 

southeast, 128° (the white numbers and interval 

marks under the white vertical line at the top of 

the compass rose). 

The OBS course indicator is pointing just west of 

south, 184°.  Since the center segment is aligned 

(or almost – sometimes you cannot get it 

perfectly aligned since FSX only allows movement 

in one degree increments) this shows that we are 

on a line that runs along a 184° (magnetic) 

direction through 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 is 

pointing in the OPPOSITE direction of the yellow needle’s arrowhead – and for HSI-type displays like this one the triangle 

is pointing back to the VOR.  Here is what it looks like on a map: 

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

 

And – from the DME readout we see we are 6.2 NM from the SAT VOR. 

 

Note that if we do not move the aircraft but do rotate the OBS course indicator 

selector 180° the course indicator now points 004°, the center segment (course 

deviation bar) 

again aligns with 

the arrow head 

and tail – BUT the 

triangle now shows 

that this is the 

heading TO the SAT 

VOR. 

When the white 

triangle points in 

the same direction as 

the arrow this 

shows the course is TO the VOR. 
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Conventional omni heads like that in the Cessna 172 appear different but show the same things.  Here is what this type 

of VOR indicator looks like when the OBS is set to center the needle where the OBS is set at 184° - under the 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.  Look back at the 

same omni head shown on the first page – you can see that the 

vertical needle is shifted a bit 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 ‘triangle’ is located at the bottom of the display.  

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. 

 

Rotating the OBS 180° degrees to the 004° setting the vertical needle 

again centers and the triangle flips so it is now pointing upwards, 

indicating that is the direction TO the VOR. 

 

 

 

 

 

KEY POINT – Center the Needle 
Rotate the OBS selector until the needle centers (or the center segment aligns) 

KEY POINT – The TO-FROM Indicator 
Note the direction the TO-FROM indicator (usually a triangle-shaped indicator) is pointing. 

 For ‘split needle’ (HSI-type) indicators when the triangle points in the same direction as the course indicator 

arrow head this is the direction TO the VOR.  When the triangle points in the opposite direction of the arrow 

head this is the direction FROM the VOR (and, with the needle centered this is the radial you are on). 

 For vertical needle omni heads like the one in the Cessna 172 when the triangle points down the direction 

indicated at the top of the dial this is the direction FROM the VOR.  When the triangle points upward the 

direction indicated is TO the VOR. 

KEY POINT – Direction from VOR and Direction of Flight 
Revisiting the point regarding the direction the aircraft is pointing vs. the direction FROM or TO the VOR – THESE HAVE 

NO RELATIONSHIP TO EACH OTHER.  The heading indicated by the VOR is independent of the direction of flight. 
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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 like that in the Baron 58 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. 

 

 

KEY POINT – No Signal 
Be aware that the needle will center if there is no VOR signal being received.  This may cause you to think you are on 

course.  Verify the NAV flag or ‘barber pole’ (next to NAV) is not present as this indicates no signal.
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VOR – Display on Aviation Maps 
 

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. 

 

Note that, like the example below of a VOR located on an airfield, the symbol for the airfield itself obscures the VOR 

symbol.  But, as described below, we know from the information in the blue rectangular box what kind of VOR this is 

(along with some other very important information). 

The VOR symbol that shows the type of station is 

located within a compass rose.  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. 

This is an example from a sectional chart (generally 

used for VFR navigation).  Pictorial representation may 

be different on other charts but the general layout and 

information is contained.  Note here that the symbol 

also includes a navigation aid type label (VOR/DME – in 

the rectangular box a bit below the horizontal mid-

portion) and the VOR name, frequency, channel 

number and three letter identifier with Morse code ID.  Note that on sectionals the VOR, VOR/DME and VORTAC 

facilities are shown in blue, as is the written information.  Contrast this to the magenta symbol in the middle (the one 

with many dots forming a circle, not the airport symbols) with the written information in magenta text.  This is a high 

frequency navigation aid – in this case an NDB.  Other charts may use other colors to designate very high frequency 

navigation aids like VORs vs. high frequency aids but the VHF stations will always be a different color than the HF 

stations.
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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. 

We’re going to 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 this 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 

signal.  This is not unusual. 

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.  The frequency is verified the same way as those for ILS 

approaches and NDBs – a Morse code signal that can be heard by 

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 on the next page where the initial part of 

the red trail line goes to the east).  And, since we knew that we were 

going to head northeast you could have already set your course 
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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. 

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).   

 

The corresponding HSI now looks like this – heading 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 omni head 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 

shows that the current course indicator position shows that direction 

would take you FROM the VOR.  If you experiment a little at this point 

you will find that you only need to rotate the course indicator about 30 

degrees to the north for the TO / FROM indicator to change to ‘TO’. 

 

Rotate the OBS knob (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 – and 

that is exactly what I did here.  How would you know that?  Because the 

TO / FROM indicator is pointing in the same direction as the course 

indicator arrow head so to center the needle I need to rotate the course 

indicator a bit counter-clockwise to align the center portion of the needle 

with the head and tail.  And – you also know I need to move the course 

indicator left about four degrees.  How?  Because a VOR swings +/- 10° 
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from center so each of those ‘dots’ to the left and right of the airplane symbol in the center represents two degrees.  I’m 

about two dots to the left so I need to turn the course indicator left about four degrees. 

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 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) is a 

bit to the right of where we are.  So, we need to 

move to the 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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SUMMARY – Flying TO a VOR 
- Tune your NAV radio to the correct frequency 

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

- Turn in the general heading of the VOR 

- Rotate the course indicator needle until the course deviation bar aligns with the head and tail of the needle or 

course indicator card until the needle centers 

- Turn to the heading indicated by the needle or course card 

- Hold that heading.  Fly ‘towards the needle’ if the course indicator moves to one side or the other of center 

Distance Measuring Equipment (DME) 
We have made reference to DME in this document - the ‘distance measuring’ part is very straightforward.  Simply - it 

tells you the distance your aircraft is from the DME transmitter.  When a DME station is co-located with a VOR (or, in the 

case where a VORTAC is used for navigation, where all VORTAC stations included DME) the DME frequencies are paired 

with the VOR or VORTAC so you only need to tune the navaid frequency into your NAV radio.  The aircraft’s DME unit 

sends a signal to the ground-based DME unit (‘interrogates the ground-based unit’) and the ground station replies.  The 

aircraft unit then interprets the 

time it takes to send an 

interrogation signal and receive 

a reply then calculates and 

displays the distance.  BUT - 

keep in mind that the distance 

displayed is the distance the 

aircraft actually is from the 

station (the ‘slant range’) NOT 

the distance along the ground  - 

see the illustration at the right: 

If you are well away from the 

station the DME distance displayed is very close to the actual distance (as shown above where the aircraft is 20 DME 

from the station, flying at 7000 ft. above the station, while the actual distance from the aircraft’s position along the 

ground is 19.9 NM.  And also note, the closest you will get to the station is 1.2 NM so the lowest DME distance that will 

be displayed is 1.2 DME.  Note the use of distance identified as ‘DME’ vs. NM.  While DME distance is in NM it is the slant 

range distance, not the ground-level distance (as is displayed on GPS equipment) that is shown so distance from a DME 

station is expressed as ‘X’ DME (vs. ‘X’ NM). 

DME equipment also may display ground speed.  It is very important to understand that the ground speed displayed is 

accurate ONLY WHEN FLYING DIRECTLY TO OR DIRECTLY FROM A DME STATION.  So - for the aircraft shown at right, 

flying a procedure turn for a course reversal to 

land, the groundspeed indicated would only 

accurate when the aircraft was in position A flying 

directly way from the VOR/DME station or in 

position D, flying directly to the VOR/DME station.  

And, at position C - flying approximately tangential 

to the station (wings aligned along the VOR 

radial), groundspeed would read near ZERO!
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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 vary depending on many factors but typically are at least 25° and can be up 

to a whopping 50 degrees!  Using a cone where each side is at a 40° angle -  

 

If you are at FL 350 you are going to have no signal for about 10 

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” is just a little more than one 

minute.  FSX does not necessarily model this well but you will 

experience the cone of confusion for some amount of time. 

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. 

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: 

As you fly 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 

2. At some point as you pass through the cone The TO/FROM indicator switches  

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. 

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, then … 

4. 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 next choice.  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 – not direct (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 of our current 

position since the HSI 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 omni head 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.   

See the picture at the left - 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’re there? 

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.  This requires that you have a second VOR 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 
On the following page you will see 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 (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? 

Here 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 least 10° 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 

VOR towards M24 the VOR sees you at the 

current position as being left of that line. 

And, since the maximum deviation a VOR can 

display you can only say you are at least 10° 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 

1 NM out – just about a 2° deviation 
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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 omni head VOR display is 10°, 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 shows just that.  The tail of the double 

arrow is pointing to 320° - we are looking for 350°. 

BUT – what is that second needle doing pointing exactly in the same 

direction???  That is the ADF needle and this is it’s “off” position.  It is 

not receiving any signal at all. 

 

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.  The off position can differ depending on the aircraft and the specific instruments that are 

installed, so be sure you understand what the “off” position is for the specific aircraft you are flying. 

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 “off” position of the Baron 58 VOR2 needle is to point to the south of the compass rose (not 

vertically, unless you happen to be flying due north or due south).  Also - the needle moves, as you see below. 

6 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°) 

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

And at 1 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 even a small deviation from the MVC 262° radial could put you anywhere along the line of flight. 

 

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 300° 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.  And, my apologies to those who already understood the math. 
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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. 

 

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 – about one degree, in some cases possibly more – 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 since even a one degree error would put you only about a 

half mile off your desired spot for a station 30 NM away. 

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” units, 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 on  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 
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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 

KEY POINT – Pick the Perpendicular VOR 
When you have a choice pick the VOR that is as close to a 90 degree angle from your course of flight 

KEY POINT – Distance Matters 
When you are flying across (at an angle or directly perpendicular to) VOR radials the rate of each degree of radial change 

depends on how far away you are from the VOR station.  At 30 NM there is about ½ mile between a given radial and the 

radial one degree to either side of it.  At 60 NM there is one mile between each radial degree.  But at 6 NM there is only 

one-tenth of a NM between each radial degree so things can happen quickly when you are close to a VOR station. 

KEY POINT – Using DME to Find Your Position 
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. 


