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Introduction: 
 

This text was created for use in the course Avia 160 as part of the Selkirk College 

Professional Aviation Program, which leads to the Canadian Commercial Pilot License 

with Multi -engine and Instrument Rating 

This text is intended as an adjunct to a 48 hour lecture series on the topic of navigation. 

Assignments, tests, and exams supplement this text and the lectures. Flight planning 

exercises include both VFR and IFR cross-countries. Students will become expert at 

preparing VNC maps and completing navlogs for VFR cross countries. They will also use 

LO charts and the Canada Air Pilot to plan IFR cross-countries. This course is the 

prerequisite for Avia 260, which reviews all the flight planning introduced here and 

covers all the IFR flight procedures (The details of IFR procedures are not part of this 

course.) This course covers most flight navigation theory required of professional pilots. 

Students in this course are expected to become expert at the use of the CR3 navigation 

computer. 

This book explains both theoretical and practical principles of flight navigation, including 

visual and radio navigation based on VOR, ADF, and DME. This course covers 

principles of intercepting and maintaining a radio course. It also covers flying DME arcs. 

An introduction to procedure turns is included. 

Avia 160 is only one component of the Professional Pilot Program at Selkirk College, 

therefore this course does not stand entirely on its own. Topics related to navigation such 

as meteorology and regulations are covered in other courses. Often these other courses 

are referred to in this text. The courses most commonly mentioned as co requisites are 

Avia 120, which covers basic meteorology and Avia 130, which covers air regulations. 

Several courses for which this one is a prerequisite are also mentioned. Most notably 

Avia 260, mentioned above. In addition Avia 240, which covers operation of Transport 

Category aircraft, and Avia 261, which covers advanced electronic and navigation 

systems are frequently mentioned. Avia 261 is particularly related to this course in that it 

covers the technical operation and specification of the radio navigation systems that are 

introduced in this course. Avia 261 also covers astro-navigation, which is not covered in 

this course. 

This text was written based on the assumption that readers hold a private pilot license and 

as such have certain basic knowledge about aviation in general and navigation in 

particular.   
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Text Overview 
Everyone knows what it means to ñhave a plan.ò In ñflight planningò we develop a plan 

for a flight. For example your plan might require knowing: 

 When we will leave 

 When we will arrive 

 Who will be on board 

 What route we will take 

 What will the weather be like 

 What navigation equipment (from eyeballs, to VOR, to GPS, etc.) will be used 

 What condition the airplane and its systems will be in 

 What we will do if various contingencies such as weather, mechanical, or 

medical difficulties occur. 

 Where we will park upon arrival 

 Customs and other passenger handling arrangements 

 Food and refreshments arrangement prior, during, and post flight 

 Accommodation at destination 

 Aircraft servicing at destination 

 ETC 

 

The above list is not complete; the point being made here is that flight planning is a large 

undertaking covering many different items of concern regarding a flight. At an airline 

many people are employed to ensure that all the passenger handling aspects of flight 

planning are looked into. Experts also plan routes for optimum advantage (cost) taking 

wind, ATC fees, departure and arrival fees, etc. into account. The process can be very 

complex. For example, many international airline flights donôt fly by the shortest route 

for two reasons: For one every nation they over fly charges a fee, so flights may detour 

around some airspace spending more money on fuel, but saving in the long run by 

avoiding high ATC fees. In addition, the shortest route is not always the quickest, if a 

strong tailwind (jet stream) can be located, or a strong headwind avoided.  

By the end of this course you must be fully competent at planning VFR flights, but, most 

commercial airline flights are IFR flights, and as such are governed by a set of 

regulations that you will learn to take into account during this course. For example, one 

requirement is to have an alternate airport to divert to in the event that landing at the 

primary destination becomes impossible. By the end of this course you will be fully 

competent to plan an IFR flight from any point within Canada to any other point. 

International flights will covered in second year. 

In this course we will  concentrate on the planning time and fuel for a flight. Route 

selection will be comparatively simple. We will consider the preferred IFR routes 

published in the Canada Flight Supplement, and terrain and weather. We wonôt usually 

concern ourselves with avoiding ATC fees or political boundaries because most of our 
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flights will be domestic.  Airline flight planners often adjust to avoid winds, but we will 

concentrate on choosing an altitude that is optimum for the wind given a specified route. 

Flight logistics such as arranging food for passengers, where to park and service the 

airplane, etc wonôt receive a lot of attention due to our limited time. But you must 

recognize that these things are crucial to real world commercial flight operations. You 

will  learn where to find the required information, and some of these matters will be 

included in the exercises.  

After graduation, expect passenger handling and logistics aspects of flight planning to 

take considerably more of your time than calculating time and fuel. By the end of this 

course you should be able determine time and fuel for a given flight within a few 

minutes. For your commercial pilot flight test you are allowed 45 minutes, but that should 

be twice as much time as you actually need. Your skill at doing this level of basic flight 

planning quickly and accurately will free up the time for the logistics aspects of flight 

planning that your employer will expect you to master. 

Pilotage, Dead Reckoning and Radio Navigation 
Two terms that will come up over and over are pilotage and dead-reckoning.  

Pilotage means flying from point to point by visually following features on the ground. It 

is the way you drive your car and it is often a practical way to fly an airplane. For 

example: to fly from Castlegar to Revelstoke simply follow the Columbia River.  

Dead-reckoning (DR) means to determine the one heading and time that will take the 

airplane directly to a point, allowing for wind. DR is by definition flight along a straight 

line path. Most of this course is devoted to learning how to dead-reckon. 

Radio navigation means that the location of the airplane is determined by referring to 

instruments such as VOR, ADF, or GPS. This is necessary when flying IFR. In this 

course you will learn the basics of IFR radio navigation. Radio navigation is NOT distinct 

from pilotage or DR; in fact both can be applied to radio navigation. 

In real-world VFR navigating, pilots use a combination of pilotage and DR. DR 

dominates on long flights, especially over terrain that lacks distinctive features. Any VFR 

flight over water must be a DR flight for example. Pilotage dominates on shorter flights, 

but it can only be used when the ground has distinctive features so that the pilot can 

accurately determine position visually. Even on a long flight some portions of all VFR 

flights require pilotage. Usually the leg just after takeoff until established at the set 

heading point requires pilotage. And the final circuit joining and landing is also a pilotage 

leg. DR is the most efficient means of navigation, but if the terrain has good, distinctive, 

features some pilotage is practical especially when doing things such as diverting around 

poor weather or special use airspace. 

Often, even on a VFR flight, some radio navigation will be used ï thus one flight may 

require pilotage, DR, and radio navigation. In this course we will generally keeps these 
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techniques separated for instructional purposes, but in the real world they should be used 

together to achieve and efficient flight with the lowest possible workload for the pilot. 
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Sample Questions 1 
1. A pilot sees a local shopping mall and flies toward it. 

a. This is DR navigation 

b. This is pilotage navigation 

c. This is radio navigation 

d. This is two or more of the above 

 

2. A pilot is over a town s/he recognizes and flies turns south to join left base for the 

active runway 

a. This is DR navigation 

b. This is pilotage navigation 

c. This is radio navigation 

d. This is two or more of the above 

 

3. A pilot tunes a VOR and determines the track to the station is 030°. S/he then 

turns to that heading without concern for the strong westerly wind. The pilot turns 

left, then right, then left again, following the VOR needle until s/he gets to the 

station. 

a. This is DR navigation 

b. This is pilotage navigation 

c. This is radio navigation 

d. This is two or more of the above 

 

4. A pilot is trying to find a small lake. S/he flies a heading of 220 until the lake 

comes into sight, then flies directly to the lake. 

a. This is DR navigation 

b. This is pilotage navigation 

c. This is radio navigation 

d. This is two or more of the above 

 

5. A pilot follows a road to a particular intersection then flies heading 360 until the 

airport comes into view. 

a. This is DR navigation 

b. This is pilotage navigation 

c. This is radio navigation 

d. This is two or more of the above 
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Pressure and Density Altitude 
 

The International Standard Atmosphere 

One of the valuable benefits of the International Standard Atmosphere (ISA) is that it 

makes it possible for manufacturers of aircraft to provide data for pilots to use in flight 

planning. An aircraftôs Pilot Operating Handbook (POH) specifies how the aeroplane 

performs under standard, i.e. ISA conditions. To use the data pilots must determine the 

pressure altitude (PA) and density altitude (DA) the aeroplane will actually fly at. 

The ISA is simply a temperature model, i.e. it specifies how temperature changes in the 

atmosphere. The ISA is divided into temperature layers known as the troposphere, 

stratosphere, and thermosphere. The standard temperature is 15C at sea level and 

decreases 1.98C per thousand feet in the troposphere. By 36,100 feet the temperature has 

reached -56 C. In the Stratosphere temperature remains isothermal (constant temperature) 

at -56 C. In the thermosphere temperature begins to rise again, but no civilian aeroplanes 

fly that high so we will ignore the thermosphere. 

The chemical makeup of the atmosphere does not change with altitude. The temperature, 

chemistry of the atmosphere, and the force of gravity collectively determine the pressure 

and density of the air throughout the ISA. It is important to realize that temperature, 

pressure, and density are inextricably connected to each other by a law of physics called 

the gas law. The gas law states that pressure is proportional to density and temperature. 

You can find more details on this in your aerodynamics text. 
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Aircraft performance depends on air density but airplanes do not come with an instrument 

to measure it. They do however have a thermometer to measure temperature and an 

altimeter, which measures air pressure. The gas law relates air density to these two 

values. In the ISA the following values apply: 

ISA 
Altitude 

Temp 

C 
Pressure 
Inches Hg 

Density 
slugs / ft

3 

0 15.00 29.92 0.002377 

1,000 13.02 28.86 0.002308 

2,000 11.04 27.82 0.002241 

3,000 9.06 26.82 0.002175 

4,000 7.08 25.84 0.002111 

5,000 5.10 24.90 0.002048 

6,000 3.12 23.98 0.001987 

7,000 1.14 23.09 0.001927 

8,000 -0.84 22.23 0.001869 

9,000 -2.82 21.39 0.001811 

10,000 -4.80 20.58 0.001756 

11,000 -6.78 19.79 0.001701 

12,000 -8.76 19.03 0.001648 

13,000 -10.74 18.30 0.001596 

14,000 -12.72 17.58 0.001545 

15,000 -14.70 16.89 0.001496 

Pressure Altitude 

The most convenient instrument available to pilots for measuring air pressure is the 

aircraft altimeter. Pilots do not have a barometer (an instrument for measuring air 

pressure) to measure pressure in units of inches of mercury. When a pilot sets the 

altimeter scale to 29.92 it reads an altitude, but in effect it is giving the air pressure from 

the table above. Once set to 29.92 altimeter reads an altitude called pressure altitude. If 

the pressure altitude is 4,000ô the air pressure is 25.84 as shown in the table above. Fill in 

the values for air pressure in the table below: 

Pressure Altitude Air pressure 

Inches Hg 

Sea level  

3000ô  

5,000ô  

7,000  

9,000  

 

The only way to get a precise pressure altitude is to set an altimeter to 29.92 and read the 

value on the instrument. This is not convenient for flight planning however, so we need 

an alternate method. 

Notice that in the ISA pressure drops about one inch of mercury for every thousand feet 

up to 10,000ô. This is an approximation, but it is pretty close. Armed with this knowledge 



Navigation for Professional Pilots 

 Page 18 

it is possible to calculate the pressure altitude without using an actual altimeter. This is 

convenient since it means we can flight plan without needing access to an altimeter. To 

calculate pressure altitude we need to know the current altimeter setting and the actual 

altitude of the altimeter setting source.  

First a very simple example: An airport at sea level (such as CYVR) reports an altimeter 

setting of 28.86. In this case the air pressure is 28.86 and the pressure altitude is 1,000ô as 

we can see from the table above. How would we calculate this mathematically? 

Standard setting: 29.92 

Altimeter setting:  28.86 

Difference    1.06 

 

Correction equals difference x 1,000 = 1,060. 

 

Therefore pressure altitude =  altimeter source altitude + correction 

    Sea level + 1,060ô = 1,060ô 

 

Notice that the calculation gives a value of 1,060ô when the correct value is 1,000ô. This 

small error is acceptable for flight planning purposes. You should keep in mind that the 

calculation of pressure altitude is estimation. To get a precise pressure altitude you must 

use an altimeter. 

Below is a more complex pressure altitude calculation in which the altimeter source is not 

at sea level. 

Altimeter source altitude: 3,456 feet 

Altimeter setting:  30.67 

 

Standard setting: 29.92 

Altimeter setting 30.67 

Difference  -0.75 

 

Correction = -0.75 x 1,000 = -750 

 

Pressure altitude = altimeter source altitude + correction 

Pressure altitude = 3,456 ï 750 = 2,706 

 

Rounding off, estimate pressure altitude as 2,700 feet. 

 

TIP: 

You may find it hard to remember whether to add or subtract the correction from the 

altimeter source altitude. Remember that when the altimeter setting is more than 29.92 it 

is like flying at a lower altitude, and vise versa. 
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Density Altitude 

Density altitude represents the altitude in the ISA with the equivalent air density. Once 

you know the pressure altitude (in effect the air pressure) and air temperature, density 

altitude can be calculated in accordance with the gas law, which states that air density is 

proportional to air pressure and inversely proportional to air temperature. 

Many Pilot Operating Handbooks are designed so that it is not necessary to calculate 

density altitude since the manufacturer provides performance charts based on pressure 

altitude and temperature. This is wise on their part because calculating density altitude 

accurately requires a complex formula. 

The C-172 and King Air manuals you will use in this course have charts based on 

pressure altitude and temperature. In effect the density altitude calculation is 

incorporated into the charts. For these airplanes it is not necessary to calculate density 

altitude. 

Our B95 charts are based on density altitude, and therefore you must calculate its value. 

Because density altitude is seldom vastly different from pressure altitude (this amounts to 

saying that temperature is usually close to standard) a reasonable estimation of density 

altitude can be made by adjusting pressure altitude 120 feet for every degree the 

temperature varies from standard. For example if the temperature is 3C colder than ISA 

then density altitude will be 3 x120 = 360 lower than the pressure altitude. If air 

temperature is 5C above standard then density altitude will be 600 feet higher than the 

pressure altitude. 

DA = PA + 120ȹT [ȹT is deviation from standard temperature] 

 
TIP: 

Warm air is less dense air and thus density altitude is greater when the air is warm. 

 

TIP: 

The KLN90b GPS has a built in density altitude calculator. You can use it to get a more 

accurate density altitude. The KLN90b in the piston simulators can be used just as well as 

the ones in the airplanes. 
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Sample Questions 2 
1. The altimeter source altitude is 1,000ô, altimeter setting is 28.92, temperature at 

1,000 feet is 15C. Calculate the pressure altitude (PA) and the density altitude 

(DA) 

 

2. The altimeter source altitude is 7,000ô, altimeter setting is 28.92, temperature at 

7,000 feet is 15C. Calculate the pressure altitude (PA) and the density altitude 

(DA) 

 

3. The altimeter source altitude is 8,500ô, altimeter setting is 30.86, temperature at 

8,500 feet is -22 C. Calculate the pressure altitude (PA) and the density altitude 

(DA) 

 

4. altimeter source altitude is 1,624ô, altimeter setting is 30.35, temperature at 1,624ô 

feet is 18C. Calculate the pressure altitude (PA) and the density altitude (DA) 

 

5. The altimeter source altitude is 1,624ô, altimeter setting is 29.71, temperature at 

1,624 feet is 7C. Calculate the pressure altitude (PA) and the density altitude 

(DA) 
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Performance Charts 
You must master the use of all the performance graphs, charts, and tables in the C-172P 

POH, Beechcraft Travelair Ownerôs Manual, and your King Air 210 manual. 

Supplements to the C-172P POH are found in Appendix 14 of your Program Manual. A 

complete explanation of how to use each chart, table, and graph cannot be provided here, 

but most are self explanatory. Assignments are provided for you to practice using these 

planning aids and to confirm that you are using them accurately. 

The aviation Intranet provides links to many electronic aids that ease your flight planning 

chores, making it possible to plan a flight in a much shorter time. You will be using these 

aids daily as you prepare for flights but it is CRITICAL that you can perform the 

calculations without them should the need arise. Consequently the assignments in this 

course ï and the quizzes and exams ï are to be completed without these online aids, 

unless the instructions indicate otherwise. 

Normal aviation industry practice is for flight departments to establish a cruise power 

setting and use it for all but ñspecialò flight situations. A special situation is one in which 

either an unusually long range is needed, or an unusually high speed, or some other 

situation requires a non-standard power setting. For example you might be asked to ferry 

an airplane over a distance that exceeds its normal range, but that can be achieved if 

slower than normal speeds are used. Alternatively, you might be asked to break-in a new 

engine by operating it at 75% power for a certain number of hours. In such cases you 

must flight plan for a power setting different from that normally used. In the following 

explanations we will assume ñnormalò flight planning, which we define as flying at the 

company designated power setting. 

C-172P Performance Chart 

The C-172P Cruise Performance Chart is on page 5-16 of the POH. 

At Selkirk College our normal cross-country cruise power setting for the C-172P is 65%. 

Unless a special situation arises we cruise at 65%. Letôs discuss why 65% is chosen. 

Why we cruise at 65% 

If you examine the range profile charts on page 5-17 and 5-18 you can see that the 

airplane achieves much better range at 55% power. Obviously flying at 65% wastes fuel, 

so why would we do it? 

On the other hand the airplane flies faster at 75% power. It flies about 5% faster, but 

burns 15% more fuel. The maximum range, according to page 5-17, drops from ~530 at 

65% to ~440 nautical miles at 75%. 

You know the saying ñtime is moneyò and in aviation it is very true. People donôt fly to 

save fuel; they fly to save money/time. Selair, like all aircraft operators, has expenses that 
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mostly are related to time, not distance. For instance, the aircraft inspections happen 

every 50 hours, NOT every 5000 miles. 

Any company must do an analysis to find the optimum overall cost point in operating its 

airplanes. In most cases flying faster than the speed for best fuel economy gives the 

overall lowest operating cost. In many cases a very high cruise speed (i.e. high power 

setting) is the most economical overall. At Selair a medium power setting is optimum 

because student pilots need to build hours ï so flying fast is less of an advantage than it 

would be for an airline. Thus we have chosen a power setting of 65%. We feel that using 

a higher power setting would waste fuel and increase wear and tear on the engine. We 

could fly slower, but many of the longer cross-countries would run out of daylight if we 

flew much slower. 

Step One ï Determine Pressure Altitude 

Notice that the left column on page 5-16 is labeled pressure altitude; if you use 

indicated altitude that will give an incorrect airspeed and rpm. Follow the procedure 

explained on page 17 to determine cruise pressure altitude. 

Example:  Cruise will be at 7,500ô indicated 

  Altimeter setting is 30.65 

 

Standard setting: 29.92 

Altimeter setting 30.65 

Difference  -0.73 

 

Correction = -0.73 x 1,000 = -730 

 

Pressure altitude = indicated cruise altitude + correction 

Pressure altitude = 7,500ô ï 730ô = 6,770ô 

 

Rounding off, estimate pressure altitude as 6,800 feet. 

 

Step Two ï Determine Temperature Deviation from ISA 

The chart has three columns. The center column is for ISA standard temperature. The left 

column is for 20C below standard and the right column is for 20C above standard. You 

must check the winds aloft forecast (FD) to see what the temperature close to your flight 

planned altitude is forecast to be. It will then be necessary to interpolate as described 

below to get deviation from standard (ȹT.) 

When examining an FD it is not always necessary to determine the temperature at the 

precise cruise altitude to find out whether temperature is above or below standard. 

Instead, examine the temperature at the FD altitude above and below your cruise i.e. 

6,000ô, 9,000ô, in this example. Take the following FD as an example: 
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FD 3000 6000 9000 

Valid - now 2415 2529 05 2634 -01 

In this FD the temperature at 6,000ô is forecast as 5°C. Standard temperature at 6,000 feet 

is 3°C, so the temperature is 2°C above standard. At 9,000 feet the temperature is forecast 

as -1°C, which is also 2°C above standard. This consistency is quite usual, but by no 

means always the case. Based on the above FD you would use 2°C above standard for 

your flight planning. 

Now consider the following FD: 

FD 3000 6000 9000 

Valid - now 2415 2529 05 2634 -07 

 

In this FD the temperature at 6,000ô is again 2°C above standard again, but at 9,000 feet 

the temperature is 4°C below standard. In this case it is clear that at 7,500 feet the 

temperature is between 2 above and 4 below standard. For planning purposes you can use 

1°C above standard. 

Step Three ï Interpolation 

After steps 1 and 2 you know pressure altitude and ȹT. Next we face a two step, four-

way interpolation to get the required rpm  and TAS. For demonstration purposes we will 

use the following figures: 

Pressure altitude:  6,800ô 

ȹT:   3°C below standard 

 

Note that, obtaining fuel flow does not require interpolation. At 65% power, fuel flow is 

always 7.3 gph. It is important to realize that this fuel-flow applies regardless of altitude 

or temperature deviation. 

The first step in interpolating is to determine the 65% rpm and TAS at 6,000 feet for both 

standard and 20°C below standard. We then determine the 65% values for 8,000 feet. 

Once you have these four values perform a second interpolation to get your final answer. 
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From the POH the following values can be found for Pressure altitude 6,000 feet and 

standard temperature: 

Power setting at 6,000 feet 

ï standard temperature 
RPM TAS 

63% 2400 107 

65%   

69% 2500 113 

Fill in the missing values for 65%. 

 It is crucial to recognize that interpolation is NOT the same as averaging. Averaging the 

values at 63% and 69% would give the value for 66%, not 65%. This might be acceptable 

for a quick estimation, but not for accurate flight planning. 65% is 2/6 of the way 

between 63 and 69. 

65% Cruise Table 

Your C-172 quick reference sheet has a table for 65% cruise that was derived by 

following the procedure described above. (Since this step is going to be required for 

every flight plan you prepare it is smarter to do it once and keep the values handy.) 

Below is the table with the values stripped out. Interpolate to find them for yourself. DO 

NOT copy them from the quick reference sheet; determine them by interpolating from the 

chart on page 5-16 of your POH. 
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C-172P 65% Cruise Performance Chart 

 

Conditions: 

65% Power 

Fuel Flow: ________ 

2400 pounds 

Mixture leaned per page 4:18 

 

Pressure 

Altitude 

20°C below standard Standard Temp 20°C above standard 

 rpm TAS rpm TAS rpm TAS 

2000    

    

4000    

    

6000    

    

8000    

    

10,000    

    

12,000    

 

 

The 65% cruise chart on your quick-reference sheet should be used for all normal flight 

planning at Selkirk College. You must be able to explain and demonstrate how the values 

were derived. You may be asked to do this on your Commercial Flight test or at any time 

by an instructor, and most definitely on exams in this course. 

Using the 65% Cruise Performance chart the first step of interpolation is done for you. 

You must interpolate for pressure altitude and temperature deviation to get the precise 

values for cruise. You have two choices regarding how to proceed. You can interpolate 

vertically to get the values at your cruise pressure altitude, (6,800 feet in our example) for 

both standard and 20 below standard, and then interpolate horizontally to get the value at 

ȹT = -3°C. Alternatively you can interpolate horizontally getting values for -3°C at both 

6,000 and 8,000 feet. The second interpolation is then vertical giving the value at 6,800 

feet. The same answer will be obtained either way. The answer is provided below, but do 

the interpolation yourself first to confirm you are doing it accurately. 
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At Pressure altitude of 6,800ô and temperature 3°C below standard the cruise rpm is 2446 

and the TAS is 110 knots. 

Other C-172 Performance Charts, Tables, and Graphs 

Section 5 of your C-172P POH contains many additional charts and graphs; you must 

learn to use them all. A full explanation is not provided here, as most are self explanatory. 

The course assignments and quizzes will cover use of all the charts. 

Page 5-8 contains the airspeed calibration chart. You will use this chart to covert CAS to 

IAS, as explained later in the course. At 100 KCAS what will your indicated airspeed be? 

Your answer should be 102 KIAS. Page 5-9 contains the calibration chart for operation 

with the alternate static source activated. Scenarios involving this situation, which could 

easily happen in IFR flight, are included in the assignments. 

Page 5-10 allows you to convert between Fahrenheit and Celsius temperature. Fahrenheit 

is still used widely in the USA, so you may need to use this chart. Sample questions will 

be included. 50°F equals _____°C. Your answer should be 10°C. The same conversion 

scale is built into your CR3 flight computer. 

Page 5-11 shows the stall speeds. It is a requirement for you to memorize and be able to 

quote the stall speeds for every airplane you fly. Your commercial pilot flight test will be 

stopped on the spot if you cannot quote these numbers from memory. 

Page 5-12 and 5-13 give the short field takeoff distances ï both ground roll and distance 

over a fifty foot obstacle. Notice that these charts are based on pressure altitude. To get 

the takeoff distance you must interpolate for your weight, pressure altitude, and air 

temperature (not deviation from standard temperature.) The lift off speed (Vr) varies with 

weight. At 2400 Vr = _________, at 2200 Vr= _______, and at 2000 Vr= _________. 

The climb speed is always 5 knots more than the rotate speed. Be sure to read the notes 

about allowing for tailwinds and grass runways. 

Page 5-14 has a chart showing the maximum rate of climb achievable at 2400 lb. Note 

and memorize the climb speed column, which shows that Vy is 76 KIAS at sea level and 

drops to 70 KIAS at 12,000 feet. Note also that this chart is based on pressure altitude, 

like most of the other charts in the C-172P POH. 

Page 5-15 has one of the most important performance charts you will use. It gives the 

time, fuel, and distance to climb to a given pressure altitude. The chart is for 2400 lb and 

climbs at Vy (climb speed varies from 76 KIAS to 70 KIAS).  

In most of your flying at Selkirk College you will be flying at less than 2400 lb, and will 

therefore be able to climb at a speed higher than Vy. According to page 4-3 the normal 

climb speed varies from 75-85 KIAS at sea level to 70-80 KIAS at 10,000ô. In 

accordance with this, our SOP is that when weight is 2200 lb or less we climb at Vy + 10, 

which is within the specified speed range. A climb chart based on this climb is provided 

in Appendix 14 of your Program Manual. You are expected to use it for flight planning 

when less than 2,200 lb. The chart is for 2,000 lb, and time, fuel, and distance must be 
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increased by 5% for each 100 lb above 2,000 lb. Note the climb speeds and be sure to 

apply them when flying . According to the chart your climb speed at 2,000 feet is 85, 

which applies above 500ô agl after takeoff in CYCG. By the time you climb to an altitude 

of 9,500ô asl on a cross-country your climb speed should be _________. 

Page 5-17 to 5-22 give range and endurance profiles for the C-172P with various tank 

sizes. Review these charts and be prepared to use them. Notice that the altitude (y-axis) is 

not clearly labeled as either indicated, pressure, or density altitude. This somewhat 

invalidates the graphs ï but density altitude is the logical unit. 

Page 5-23 gives the short field landing distance for the C-172P. Notice that unlike the 

takeoff charts on pages 5-12 and 5-13, this chart only has data for 2400 lb. The short field 

approach speed is specified as 61 KIAS. To achieve the figures shown you must use the 

technique specified in Section 4 (page 4-20). You are expected to memorize this 

procedure and be able to quote it from memory whenever requested (yes; it will be on the 

exam).  

Page 6-7 gives the arms for pilots, passengers, and baggage. The pilot seats are at 37ò aft 

of the datum, the rear seats are ______ , the main baggage area is 95ò and baggage area 2 

is ______. You will need this information to calculate a weight and balance. 

Page 6-10 has a graph for determining CG Moments. Using this graph you can see that 

the moment of a 150lb pilot is ~5550. The moment of 100 lb of baggage in area 1 is 

________. At Selkirk College we usually do not use this chart; we prefer to calculate the 

moment. Moment is defined as weight x arm. The arm is specified on page 6-7. The 

moment of a 150 lb pilot at an arm of 37 is 150 x 37 = 5,550. This gives the same answer 

as the procedure in the preceding paragraph, but is usually much faster (once you 

memorize the arms so you donôt have to look them up). 

Page 6-11 contains the Weight vs. Moment envelope for the airplane. You must be able 

to use this graph, but it is usually more valuable to use the chart on page 6-12 instead. 

The graph on page 6-12 shows the Weight vs. CG chart for the C-172. You MUST check 

that your CG is within this envelope for every takeoff. You must be in the utility category 

for certain maneuvers, described on page 2-8. 

The C-172P POH provides charts only for short-field takeoff distance. On page 4-8 the 

procedure for Normal takeoff is described, but a chart for Normal takeoff distance is not 

provided. Consequently we have developed a graph for estimating Normal takeoff 

distance. This graph is in Appendix 14 of your Program Manual. You must use this graph 

when planning a Normal takeoff. Instructions for using the graph are printed on it, along 

with a sample. Note that you must determine density altitude to use this graph. 

Prior to every takeoff at Selkirk College we require you to determine your accelerate stop 

distance (ASD). We define ASD as the distance to accelerate to the normal takeoff speed 

(55 knots) then retard the throttle to idle and come to a complete stop. A graph for 

calculating the required distance is also in Appendix 14 of your Program Manual. You 
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will be examined on your ability to use this graph accurately on quizzes and exams. For 

your daily flight preparations you will use the electronic version described below. 

Electronic Charts for the C-172P 

The paper charts described above are all that you need to plan for any flight. On all your 

exams you will ONLY be permitted to use these paper charts, so be sure to master them. 

In all your assignments in Avia 160 use the paper charts. 

On our intranet website several electronic aids have been provided. These electronic 

planning aids are much quicker and easier to use than the paper products. They are 

similar to the professional flight training aids used by modern airlines. You will use these 

electronic aids for your day-to-day flight operations in the aviation program. For the C-

172P you will find: 

 Normal Takeoff distance Graph 

 C-172P Flight Planner ïincludes weight and balance 

 

The Normal Takeoff distance graph is an electronic version of the two graphs in 

Appendix 14. It gives Normal Takeoff Distance, and Accelerate Stop Distance. It is much 

quicker and easier to use, and always gives the correct answer. Use it prior to all flights to 

get your normal takeoff distance. Use the tables on pages 5-12 and 5-13 when short 

field operation is called for.  

The C-172P Flight Planner has a built in weight and balance sheet, a cruise performance 

calculator, and a Navlog calculator. The weight and balance calculator eliminates the 

need to use the charts in section 6 of the POH. The navlog automatically determines TAS, 

CAS, IAS, rpm, eliminating the need to use any charts in section 5 of the POH. It also 

calculates drift, groundspeed, ETE and fuel required for the flight i.e. it performs the 

functions of a flight computer. Navlogs are covered later in this course. 

TIP: 

Remember that even though you will be using the electronic navlog for your day-to-day 

flying, which makes things very quick, easy, and accurate, you must be able to do all the 

calculations long-hand when needed. On your exams you will have to calculate without 

the electronic aid. When doing assignments you should do all the calculations by hand 

and then use the electronic navlog to see if you made a mistake.  
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Beech 95 Charts 

At Selkirk College we have developed a Beech 95 Pilot Information Manual for the 

Beech 95, this is superior to the Ownerôs Manual Beechcraft provides. You will find your 

copy in Appendix 14 of your Program Manual. The information in this POH is taken 

from the official POH, kept with the Journey logbook for each airplane, and from other 

sources including the Beechcraft Travelair Ownerôs Manual, and the Beechcraft Travelair 

Shop Manual, as well as our many years of experience operating these airplanes. 

Your Beech 95 Pilot Information Manual contains various graphs and charts, listed 

below. You must learn to use all of them. Many require that you first calculate density 

altitude (sometimes referred to as standard altitude) which was covered previously. 

 Airspeed Calibration Chart 

 Normal Takeoff Distance 

 Normal Landing Distance 

 Accelerate Go Distance 

 Accelerate Stop Distance 

 Single Engine Rate of Climb ï Single Engine Climb Gradient 

 Single Engine Ceiling 

 Time to Climb at Vy ï Maximum Continuous Power 

 Time Fuel and Distance to Climb 

 Beech 95 Cruise Performance Chart 

 Single Engine Cruise 

 

The airspeed calibration chart is on page 37 of the manual. Use this chart to obtain 

indicated airspeed for all your Beech 95 flight planning. 

The Normal takeoff distance chart appears next in the manual. This chart works just like 

the one for the C-172. You must calculate density altitude before using this chart. 

Normal landing distance chart appears next. It also requires calculation of density 

altitude. 

An Accelerate Go chart appears next. Since the B95 is a twin-engine airplane it is 

possible to continue the takeoff should an engine fail after the decision speed. The chart 

is based on a decision speed of 89 KIAS. Should an engine fail prior to 89 KIAS the 

takeoff is rejected, and the airplane stopped (see next paragraph). If an engine fails at 89 

KIAS of above it may be possible to continue the takeoff, depending on the weight and 

density altitude. If the Accelerate Go chart is in the gray then you do not have ñgo 

capability,ò otherwise the chart gives the go distance. A full discussion of multi-engine 

flying will have to wait until Avia 201. Never-the-less, you are expected to be able to use 

the chart in this course. 

The next chart is Accelerate Stop distance. This is the same concept as the C-172, but the 

speed at which the takeoff is rejected is 89 KIAS. Since normal rotate speed is 74 KIAS, 



Navigation for Professional Pilots 

 Page 30 

the airplane is already airborne at 89 KIAS, so the distance required to stop is relatively 

large. Selkirk College policy requires you to have accelerate stop distance on all takeoffs, 

but not necessarily accelerate go distance. You must determine both values prior to all 

takeoffs, and thus accurate use of these charts is a requirement in this course. 

The single engine rate of climb, and single engine climb gradient charts appear next. 

These will be crucially important to you when you learn to plan IFR departure procedures 

in Avia 260. In this course you are expected to master use of the chart, and be able to 

explain what it means. Rate of climb is a concept you are already familiar with. You have 

a vertical speed indicator that shows the rate of climb in feet per minute. Climb gradient 

is a related concept, but the units of climb are feet per nautical mile (ft/NM). This is a 

more important concept because it allows you to plan a departure to avoid flying into 

obstacles. Keep in mind that you are going to become an IFR pilot, which means you will 

be flying in cloud (IMC weather is the term). In IMC you cannot avoid hills and other 

obstacles by seeing them and flying around them. You must plan your climb to avoid 

them. Being able to predict your climb gradient is an important part of than. Try a sample 

calculation. The density altitude is 3,000 feet, weight is 3,500 lb. What is the maximum 

climb rate and gradient at Vyse? Answer: ______________. 

The next chart shows the single engine service ceiling. At 4,200 pounds the Travelair can 

only climb to 4600 feet density altitude on one engine. But at 3,500 pounds it can climb 

to almost 10,000ô. The difference is very significant in the event of an engine failure. Be 

sure to learn how to use this chart. 

The next chart gives time to climb using maximum continuous power, and climbing at 

Vy. The next page gives Vy values from sea level to 20,000 feet. This same information 

is in section 4 (page 28). 

The maximum climb rate chart also shows the maximum vertical speed you can achieve 

using full power and climbing at Vy depending on weight and density altitude.  

The Time Fuel and Distance to Climb tables are next. There are two tables, one for 4,200 

lb and one for 3,500 lb or less. Most of your flights will be at weights between these 

values, so you will have to interpolate. The tables work like the ones for the C-172 

covered previously. In order for the table to be valid you must climb at the designated 

speed, which is 105 at sea level gradually diminishing with altitude. You may notice that 

from 8,000ô up the speed is Vy, but is higher than Vy below 8,000ô density altitude. 

These two charts are the ones you will use to plan your climbs for cross countries in the 

B95. 

The Beech 95 Cruise Performance table is next. Using the table is quite straight forward. 

You simply determine the density altitude in cruise, then choose the desired column and 

lookup (interpolating as needed) the manifold pressure required and the resulting IAS and 

TAS. Note that cruise rpm is always 2400 rpm, due to a restriction in the POH.  

At Selkirk College our normal cruise power setting for the B-95 is 70%. This relatively 

high power setting was chosen to save you money. You save because no specific amount 
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of hours is required for the instrument rating and thus flying your trips at the highest 

possible speed costs less. 

The cruise performance table in your POH (appendix 14b of the Program Manual) 

contains values for power settings other than 70%, but these are only used in special 

situations or when flying at a high altitude where 70% power is not available. 

In the B-95 the cruise rpm is always 2400 rpm; therefore only manifold pressure needs to 

be determined. Cruise fuel flow is always 19.5 gph or 9.75 gph per engine. 

A quick reference chart for 70% power appears next. A copy of this is on your Travelair 

quick reference sheet, and is also posted on the instrument panel of the simulators, and on 

the sun visor in the airplane. Be sure to check the thermometer and computer density 

altitude when using this table. The table provides the same information as the 70% 

column of the Cruise Performance table. 

The final ñchartò is the single engine cruise performance chart. Beechcraft chose not to 

provide this information in the POH, so we have been forced to provide estimates based 

on operational experience. Expect some exercises in this and other courses in which you 

must estimate how far you can go after an engine failure. This is obviously an important 

consideration, so it is unfortunate that the manufacturer did not provide more data. 

In section 6 you will find a sample weight and balance sheet on page 55 that shows the 

arms of pilots, passengers, baggage, fuel, etc. A separate table of these arms is also 

published on page 57 along with weight limitations that you must be familiar with. The 

CG envelope is published on the following page. Expect weight and balance problems 

based on all this data.  

Electronic Charts for the Travelair 

The aviation intranet contains several electronic aids for B95 flight planning. They work 

essentially the same as the ones for the C-172. The takeoff distance calculator also 

calculates accelerate go and accelerate stop distance, as well as single engine climb 

performance.  

The B95 Navlog contains a weight and balance calculator for quick, easy and accurate 

weight and balance calculations. It also contains a cruise performance calculator. If you 

input the altimeter setting and temperature it will determine the required MP for 70% 

power and provide the TAS, IAS, and CAS (i.e. it contains the information in the 

calibration chart). For cross country flights use the navlog. When provided with the 

altimeter setting and temperature at cruise altitude it determines all required performance 

values for climb and cruise. If you input the distance, bearing, and wind it will determine 

heading and time for you. We will discuss the navlog completely, later in the course.  
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King Air 210 Charts 

You have been issued a Pilot Operating Handbook for a ñmythicalò airplane known as the 

King Air 210. In the real world there is a King Air model 200, and a model B200, B350, 

C90, E90, and a few others, but no such thing as a model 210.  Our turbine simulator 

closely resembles a King Air B200, with a few features more similar to the 200 model 

(not the same thing) but we have added some features from the B350, and a few others 

that are more similar to the B1900. We took all this information and put it together into a 

manual for our simulator, and we call the airplane the King Air 210.  

It is important for you to know that the systems, procedures, and speed for the 

hypothetical King Air 210 are not exactly the same as any actual King Air model 

although every speed, system, and procedure is correct for some model of King Air. You 

MUST consult and learn the POH for any future airplane you fly after graduation, and not 

rely on the POH from this course as it WILL NOT be correct for the airplane you fly in 

the future. 

Even though the King Air 210 does not exist outside the turbine simulator room it will be 

very real to you over the next two years. You are expected to learn the speeds and 

procedures for this airplane as seriously as you do for the Travelair and C-172 (and you 

better be serious about those). You are expected to know all the operating procedures in 

the POH by second year. You will not be flying the King Air until part way through 

second year. In first year you must master all the charts on the POH and be able to plan a 

cross country in the King Air.  

TOL Cards 

Prior to all takeoffs and landings in the King Air you will prepare a TOL card. This is 

normally the task of the pilot monitoring (PM) as explained in our SOPs. TOL stands for 

takeoff and landing. Our TOL card has a takeoff side and a landing side. On the takeoff 

side you write the rotate speed (Vr) and single engine emergency climb speed V2. On the 

landing side you write the ñrefò speeds for flaps 0%, 40%, and 100%. 

TOL cards are a standard part of operating high performance airplanes. For most 

airplanes the takeoff TOL card would contain Vr, V1, and V2, but for the King Air V1 

always equals Vr, so there is no need to write it out separately. ñV-speedsò are covered in 

detail in aviation 240, so you will have to wait until then to fully understand them, but for 

now you can learn to the process of looking up the values and filling out a TOL card. 

To prepare a King Air TOL card refer to the King Air takeoff and approach reference 

sheet, which is the last page in the King Air 210 Pilot Operating manual. 

Other Charts and Tables for the King Air 

The King Air 210 Pilot Operating Manual contains numerous charts and tables, all of 

which you must become familiar.  

The first chart is an airspeed calibration chart. The presentation is different than the C-

172 and Travelair charts, but its use is the same.  
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The next chart shows altimeter corrections based on weight, altitude and flaps setting. As 

an IFR pilot your life literally depends upon accurate altitude information, so learning to 

use this graph is vital. The left graph is for zero flaps, (i.e. for cruise) and as such is less 

important since the errors involved are not enough to be of concern when cruising. The 

right side of the chart shows that when approaching to land with full flaps the altimeter is 

quite accurate at 115 knots, but has substantial errors when speed strays from this value. 

Be sure you can lookup and apply an altimeter correction for other speeds. What altimeter 

error is there at 140 KIAS with full flaps, at 5,000ô pressure altitude? Answer: -25 feet, 

i.e. you are 25 feet lower than your altimeter indicates. 

The Pressure Altitude vs. Outside Air Temperature chart is a good place to look if you 

canôt figure out in your head whether or not the temperature is above or below standard. 

For example: you are cruising at 25,000 feet. The OAT reads -20°C. Is this above 

standard or below? To find out locate -20°C on the X-axis and follow it straight up. You 

should see that this is 15°C above standard temperature. You could have figured this in 

your head by considering that temperature is supposed to drop 1.98°C per thousand feet, 

so at 25 thousand it should be 15 ï 50 = -35°C; so the temperature is obviously 15°C 

above standard. If you want to avoid math in your head use this chart.  

TIP: 

You cannot simply read the OAT from the thermometer in a high speed airplane like a 

King Air. The thermometer is subject to a temperature rise error due to friction heating. 

The example above is flawed since it does not allow for this. You will learn to apply 

temperature correction when you learn to use the CR3 computer later. 

 

The next chart shows power off (idle) stall speeds for the King Air at various weights, 

flap settings and angles of bank. Note that the solid lines are for CAS while the dashed 

lines are for IAS. Examine this chart until you can use it. Expect some questions based on 

it. 

The next chart shows Cabin Altitude for various airplane altitudes. The King Air is a 

pressurized airplane, which means that air is pumped into the cabin so that pilots and 

passengers can breathe at altitude. Consequently the cabin feels like it is at an ñaltitudeò 

lower than the airplane. Cabin differential is the amount of pressure difference in psi 

between the inside and outside of the cabin. The maximum differential approved in the 

King Air is 7 psi. Follow along with the example calculation on the graph to be sure you 

know how to use it. What would your cabin altitude be if cruising at 23,000ô with 7psi 

differential? Answer __________ 

The next chart shows takeoff weight with Flaps 0%. This is a concept you have not 

experienced with the C-172 or Travelair. In those airplanes there is a maximum approved 

weight and it does not change with altitude (although many would argue that it should). 

In the King Air, when operating under CAR 702 the takeoff weight must be reduced at 

very high altitudes in order to maintain safe performance in the event of an engine failure. 

(operating under CAR 602 this is no longer a legal requirement). You can see from the 

chart that up to 7,000ô pressure altitude the airplane can takeoff at its full certified weight 
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of 12,500 pounds. Above that altitude the weight must be reduced, depending on the 

temperature. What is the maximum 0% flap takeoff weight at pressure altitude 8,000ô and 

temperature 25°C? Answer, still 12,500. What is the maximum takeoff weight at pressure 

altitude 8,000ô and 35ÁC? Answer: ________ 

The next page shows maximum takeoff weight with 40% flaps. At Selkirk College our 

normal procedure is to takeoff with 40% flaps, so this chart is much more important to 

you than the previous one. What is the maximum takeoff weight when pressure altitude is 

6,000ô and temperature is 30ÁC above standard? Answer 12,100 lb. Be sure you can use 

this chart accurately. 

The next chart is called Takeoff Flight Path. The purpose of this chart is to calculate the 

required climb gradient to clear an obstacle. Beechcraft has chosen to express climb 

gradient in units of percent, rather than the more common units of ft/NM, as discussed 

under B95 climb gradient.  This chart DOES NOT tell you what climb gradient the King 

Air will actually climb at, that is on a later chart (page 18-64 and 18-65) This chart shows 

only what gradient is needed, the same information could be obtained with a calculator. 

Let us say that you must clear an obstacle 200 feet tall 6080 feet past the reference point. 

The reference point is the location where you reach 35 feet agl (see note on chart). The 

chart shows that the gradient must be 2.72. This is simply (200-35)/6080 x 100. In the 

more familiar (at least in Canada) units of ft/NM this is 165 ft/Nm. To convert from 

gradient in percent to gradient in ft/Nm multiply by 6,080 and divide by 100. You must 

be able to convert seamlessly between these units. 

The next three charts show takeoff distance, accelerate stop distance and accelerate go 

distance with zero flaps. You should learn to use these charts, but we normally takeoff 

with flaps 40% 

The next three graphs are for takeoffs with flaps 40%. The charts are used exactly like the 

C-172 and B95 charts except that you enter the chart with pressure altitude and 

temperature rather than density altitude. Note the need to add 10°C to the OAT when 

taking off with ice vanes extended. The accelerate-go chart indicates that you must add 

6°C to OAT when ice vanes are extended. Ice vanes are used to prevent ice from entering 

the compressor section of the engine. 

The next two charts show the climb rate and gradient with two engines operative. There 

is a chart for 0% flap and for 40% flap. From these charts you can determine the climb 

rate in feet per minute as well as the zero wind gradient in percent. We will discuss how 

to allow for wind, which affects the climb gradient later. As previously mentioned you 

must be able to convert the climb gradient to units of ft/Nm. What is the maximum climb 

gradient achievable on two engines, with flaps zero, at 12,500 lb and 10,000 feet ISA? 

Answer: 2200 fpm and gradient of 16%, which is 973 ft/Nm. 

The next chart shows climb rate and gradient with one engine inoperative. This is critical 

information for planning what to do should an engine fail during departure. Be sure to 

master this chart. See the example provided for guidance. 
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The next chart shows Time Fuel and Distance to Climb. This is a crucial chart for flight 

planning. The presentation here is graphical rather than tabular as for the C-172 and B95. 

Note that climbs are performed with 1900 rpm and torque at 2230. As you climb the ITT 

will rise and once it reaches 770°C you must allow the torque to drop so that temperature 

never exceeds 770°C. Note that you must determine the time fuel and distance to climb to 

your takeoff altitude and subtract this from the time fuel and distance to reach your cruise 

altitude. See the example for guidance. It is important to note the climb speeds which 

start at 160 KIAS up to 10,000ô then drop to 140 KIAS to 20,000 then 130 to 25,000, etc. 

(see the chart). 

The next three pages give normal cruise fuel flow and airspeed for 20°C below standard, 

standard, and 20°C above standard. Normal cruise is 1700 rpm. Notice that normal cruise 

torque is 2230 at lower altitudes but drops off at higher altitudes. The reason, as 

explained under climb gradient, is to keep ITT below its limiting value. In the case of 

normal cruise temperature is kept ___ degrees below red line. The charts give IAS and 

TAS for 12,000, 11,000, and 10,000 pounds. You must interpolate for your actual weight 

although the difference is usually small enough that you can simply use the next higher 

weight with an error of less than 1%. There is a column for fuel flow per engine, but total 

fuel flow (both engines) is what you will need for flight planning. 

The next three tables show maximum cruise power. You should note that there is no 

difference between normal cruise and maximum cruise at lower altitudes because 2230 is 

always the limiting torque. At higher altitudes ITT can be allowed to go to the red-line if 

urgency demands. This results in the maximum cruise speed. You may be given certain 

scenarios, such as a critical medevac, or a rush to beat sunset at a day-only airport, etc in 

which cruise at the maximum power setting is called for. If not required then prudence 

demands operating at the normal power setting to save wear and tear.  

Weight and Balance Shift 

As a licensed pilot you know how to calculate a weight and balance, but an important 

exercise you may not be familiar with is shifting a CG by a specified amount. For 

example, if you calculate the weight and balance for an airplane and discover that it 

weights 5,000 pounds and the CG is at 47 inches aft of the datum, but the aft CG limit is 

45 inches what do you do? In simple terms the answer is easy; you shift some freight 

forward. Letôs say you have 400 pounds to shift forward, how far do you need to move it? 

The above question is a Transport Canada favorite on the commercial pilot and ATPL 

exams. The solution is quite simple if you remember the meaning of the concept known 

as moment. A moment is: weight x arm. At present we know the moment of the airplane 

is: 

Mcurrent = 5,000 x 47 = 23,500 

The secret is to realize that the desired moment is: 
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Mdesired = 5,000 x 45 = 22,500 

The difference in moment, which is 1,000 could be created by an infinite number of 

possible weight shift. For example we could shift 1,000 pounds forward 1 inch, or 500 

pounds by 2 inches, etc. In this case we have been told to shift 400 pounds of freight, so it 

must be moved 1,000/400 = 2.5 inches.  

An important point to notice is that it makes no difference what the current location of 

this freight is, only that we move it forward at least 2.5 inches. 

In summary: 

Step 1: Calculate the current moment and desired moment, subtract to get the desired 

moment shift. 

Step 2: Move the freight by an amount equal to moment-shift / weight-of-freight 

EXAM TIP 

Here is a typical transport Canada exam question, choose the correct answer: 

An airplane weighs 9,000 pounds. The CG is 73 inches aft of the datum, The aft CG limit 

is 71 inches aft of the datum. There is 600 pounds of freight at 104 inches aft of the 

datum. Shift this weight to at least: 

a) 85 

b) 75 

c) 65 

d) 55 

 

Your calculations should reveal that: 

Mcurrent = 9,000 x 73 = 657,000 

Mdesired = 9,000 x 71 = 639,000 

M-change = 18,000 

CG-shift = 18,000 / 600 = 30  

 

The answer is therefore: 104 ï 30 = 74. Most people will therefore choose b, but that is 

WRONG. If you move the weight to arm 75 it is still one inch too far back. Since the next 

lowest option is 65 that is the correct choice on this multiple choice question. 
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Sample Questions 3 
Exercice 1 

Aircraft type:   C-172 

Cruise altitude: 4,500ô indicated 

Altimeter setting: 30.63 

FD 3000 6000 9000 

Valid 27015 2620 -5  

 

Determine: TAS and rpm for 65% cruise. Use your quick-reference-card 

 

 

Exercise 2 

Aircraft type:   C-172 

Cruise altitude: 8500 indicated 

Altimeter setting: 28.63 

FD 3000 6000 9000 

Valid 27015 2620 -12 2825 -18 

 

Determine: TAS and rpm for 65% cruise. Use your quick-reference-card 
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Airspeed and Groundspeed 
Accurate flight planning requires accurate knowledge of the true airspeed of the airplane, 

which in turn permits determination of an accurate ground speed. Unfortunately airspeed 

indicators do not show the true airspeed, so we must learn to convert indicated airspeed to 

true airspeed. 

Groundspeed equals true airspeed plus any tailwind, or minus any headwind. We will 

examine groundspeed in more detail in the next section, but it is clear that true airspeed is 

an essential component of groundspeed. 

Equivalent Airspeed (EAS) 

Your airplane experiences a certain dynamic pressure due to air flowing past it. Dynamic 

pressure is the product of air density and velocity squared. You will learn the full details 

in your aerodynamics course. In flight the same dynamic pressure can exist when an 

airplane flies fast in less dense air or slowly in more dense air; we can say that the two 

situations are equivalent. The concept of equivalent airspeed compares flight at altitude to 

flight at sea level. When we say that an airplane is cruising at an equivalent airspeed of 

300 KEAS (knots equivalent airspeed) we are saying that it experiences the same 

dynamic pressure as an airplane flying at 300 knots at sea level on a standard day. The 

true airspeed of this airplane will be greater than 300 knots however, unless the airplane 

actually is at sea level. 

TAS = EAS at sea level 

TAS > EAS at all altitudes above sea level. 

Mathematically: 

TAS = EAS/ãů [ů is the density ratio, i.e. density of air divided by sea level 

standard density] 

Indicated and Calibrated Airspeed (IAS and CAS) 

In an ideal world pilots would only have to deal with TAS and EAS. Aircraft 

performance depends on EAS, as you will learn in aerodynamics class. Navigation 

depends on TAS, as we already know. Unfortunately airspeed indicators are not capable 

of showing us either of these two speeds. So we must learn how to convert indicated 

airspeed (IAS) into EAS and TAS. 

Indicated airspeed is the speed shown on the airspeed indicator. Like any instrument it is 

imperfect and as such a calibration chart must be provided. You have already found the 

calibration charts for the C-172P, Travelair, and King Air in your exploration of the 

POHs in the last section. The calibration chart compensates for the imperfect 

measurement of Pitot tube and static port on the airplane. Once you apply the correction 

factor you will have calibrated airspeed (CAS). 
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Calibrated airspeed is pretty close to equivalent airspeed in most cases. In fact the 

difference between EAS and CAS is less than one knot for airplanes flying less than 200 

knots and less than 20,000 feet. That covers both the C-172P and Travelair. So, for these 

airplanes you may feel free to say that EAS = CAS. 

For any airplane flying above 20,000 feet (which includes the King Air) it will be 

necessary to apply a compression correction factor. Compression refers to the fact that air 

entering a Pitot tube is compressed and thus its pressure rises. Consequently airspeed 

indicators always overestimate the amount of dynamic pressure. CAS is always more 

than EAS. So an airplane flying at 250 KCAS at 30,000 feet is experiencing a dynamic 

pressure somewhat less than an airplane flying at 250 KCAS at sea level.  

Your CR3 flight computer automatically applies compression correction, if you use the 

professional method for converting CAS to TAS. In this course we will use the CR3 

professional method. In Avia 171 you will learn the extent of the compression error ï 

there is a chart in your Aerodynamics text if you are interested. In the exercises for the 

CR3 that follow you will have an opportunity to do CAS to TAS conversions using both 

the ñsimpleò and ñprofessionalò method. The simple method DOES NOT allow for 

compression error. By comparing your answers you will be able to discover for yourself 

the extent of compression error. 

ICE-T 

To convert from indicated airspeed to true airspeed it is necessary to apply the corrections 

in the proper order. Always convert IAS to CAS, then CAS to EAS, then EAS to TAS. 

To remember the sequence, use the pneumonic ICE-T. 

Remember that with the CR3 you go directly form CAS to TAS, but that is because the 

EAS compensation is built into the computer. We cover use of the CR3 later. 

The theory behind this is covered in Avia 171. For more details see the book 

Aerodynamics for Professional Pilots. 



Navigation for Professional Pilots 

 Page 40 

Wind Drift 
Imagine stepping outside with a helium-filled balloon and letting it float away. If the air 

is perfectly calm it will float straight up, but on most days you will see it drift sideways. 

This horizontal motion results from the air mass moving relative to the ground. 

Movement of the air is wind. 

Imagine that your balloon rises a few hundred feet and then maintains that altitude. You 

follow it and discover that it more-or-less drifts in a straight line. This is important 

because it will be difficult to flight plan if air moves in random fashion. Fortunately it 

generally moves in a steady continuous fashion, at least over a distance of a few miles. 

The primary complication in navigation planning involves allowing for this movement of 

the air, i.e. allowing for wind, i.e. allowing for drift. 

Wind is described by specifying the direction the air is coming from and how fast itôs 

moving. When we say the wind is north at 15 knots we are saying that it is coming from 

the north, i.e. moving south, 15 nautical miles every hour. If you release your balloon into 

this air mass it will be 15 NM south after one hour, 30 NM south after two hours, etc. 

Most people find it pretty easy to visualize a balloon drifting in the wind. The main 

difficulty is in realizing that wind is a large scale phenomenon not a stream within the air 

but the whole air. Do NOT think of wind as something that happens in the air but as a 

property of the whole air mass you fly in. 

While it is obvious that a balloon drifts it is equally true, if less obvious, that an airplane 

does too. An airplane moves through the air, which a balloon does not, but the movement 

of the air (wind) adds to the net movement of the airplane never-the-less. An airplaneôs 

net motion is the sum of true airspeed and wind. True airspeed is a vector quantity that 

expresses how quickly an airplane moves through the air, and in what direction. 

To explore the meaning of drift examine the simulation called Drift  on the intranet 

website.  

Load the simulation called ñDriftò 

Click the next button to start the simulation. 

In frame 1 there is NO wind. The ghost airplane (on the right) shows where the airplane 

will be in one hour.  

Use the Z-key and Q-key on your keyboard to speed up and slow down, or drag the 

airspeed bug.  Not surprisingly the airplane will be farther away after an hour if it flies 

faster, etc. 

Use the left-arrow-key on your keyboard to turn left, or the right-arrow-key to turn right. 

Alternatively use the heading bug knob, or drag the heading bug directly. 
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Tip: Drag the airplane around to position it for easier viewing. 

 

Click the ñnextò button, or number ñ2ò. 

The picture above shows frame 2 as it appears when you first arrive there. 

Try speeding up and slowing down with the Z-key and Q-key. Notice that the wind 

vector (see picture above) does NOT change when TAS changes. 

Make a turn using the left-arrow-key, or right-arrow-key. It is VITAL that you notice that 

the wind vector does NOT turn when the airplane, turns. However, the TAS vector, see 

picture, always points in the direction the airplane is pointed (i.e. the heading). 

The green arrow is called the Track Made Good (TMG). It is the most important concept 

to grasp. You must realize that the airplane does NOT move in the direction it is pointed 

(not exactly). The wind drifts it so that if moves along the TMG. 

The simulation also creates a green TMG vector on the HI. Try making some turns. You 

will notice that if you turn directly into the wind, or with a direct tailwind, the airplane 

does fly in the direction of the heading. But if the wind is at an angle to the airplane it 

drifts, such that the TMG arrow points slightly away from the nose. 

Notice that the greater the angle between the wind and the aircraft axis the more it drifts. 

Of course it also drifts more, as the wind gets stronger. 

The blue vector on the HI shows the wind relative to the airplane. Such a vector would be 

tremendously helpful in a real airplane. In fact modern EFIS equipped airplanes, with 

flight data computers do have such a vector. Sadly the airplane you are likely to use for 

your initial IFR training wonôt have such a vector, so you must learn to visualize it on 

your own. 
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Drag the tip of the wind arrow (the one in the wind box, see picture above) to change the 

wind. Notice the blue wind vector on the map change. You can totally change where the 

airplane winds up after one hour of flying by changing the wind. If you make a wind 

vector opposite to the direction of flight, and drag it out far enough you can stop all 

forward motion. Or, you can create a tailwind greatly increasing how far the airplane 

goes in one hour. 

Click the ñnextò button, or number ñ3ò. 

This frame defines drift angle (DA). Drift angle is the angle between the heading (TAS) 

and the track made good (TMG). 

We will return to these definitions in the next simulation. 

Click the ñnextò button, or number ñ4ò. 

This frame is a challenge. There is a beacon that we wish to fly to that is exactly 300 

degrees from our present position. Your task is to find the heading that takes you to that 

beacon. 

Note: you cannot move the airplane in this frame. 

The required heading will NOT be 300 degrees.  

Once you have found the required heading try changing the wind to a northeast wind and 

do the challenge again. 

Take note of the Drift and TMG status box beside the airspeed indicator. In this box the 

simulation displays all the data you need to figure out the required heading. (Specifically 

required heading = desired course (300) +/- drift angle). The point being made is that if 

you know the wind and TAS you can calculate drift angle. Once you know the drift angle 

you can calculate the heading required to maintain your desired course (dTMG).  

Keep in mind that your objective is always to find a heading that keeps you on course. 
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Mathematical Calculation of DA and GS 
 

The equation for calculating DA is as follows: 
 

Sin(DA) = crosswind/TAS  

 

Groundspeed is more difficult to calculate. A common mistake is to think that you just 

add or subtract tailwind to the TAS. But, you can see in the diagram that this is incorrect. 

If you have a strong crosswind it reduces groundspeed, even if there is NO headwind or 

tailwind. So, to calculate groundspeed you need to know BOTH the crosswind and the 

tailwind. Therefore to determine groundspeed first use the formula above then: 

GS = Cos(DA) x TAS + TW  

 

GS = Cos(DA) x TAS -  HW 

 

GS stands for groundspeed, TW stands for tailwind, HW for headwind. 

Heading 
Heading is the direction that true airspeed acts (when navigating airplanes should not be 

slipping) Heading is also the orientation of the longitudinal axis (see your aerodynamics 

text for full definition of aircraft axis). Heading can be expressed in magnetic, true, or 

grid, but always in units of degrees.  

The earth spins around an axis that passes through the north and south poles. Straight 

lines drawn between the poles are called lines of longitude. These lines define true north. 

The lines appear on your map and you will learn to orient your protractor to these lines of 

longitude when measuring the true track (TT). 

In the northern domestic airspace pilots set their heading indicators to true. In that case 

the headings displayed on the heading indicator are true headings.  

In the southern domestic airspace, pilots set their heading indicators to magnetic. The 

magnetic North Pole is several hundred miles from the real North Pole and thus there is a 

difference between magnetic headings and true headings. The difference is called 

variation, and you will find it marked on your maps. We will be covering map theory in 

detail later. 

When flying over the poles neither true nor magnetic heading reference is satisfactory. In 

such cases another reference system known as grid is used. We will discuss grid 

navigation in more detail later, and you will learn more about it in Avia 240 and 261. 

Pilotage and Wind Drift 
Flying by pilotage means following geographic features such as roads, railways, rivers, 

and valleys. It also includes flying from distinctive point to point, such as from one 
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mountain to another. Pilotage requires that the geographic reference be in sight. For 

example if you can see Big White Mountain 30 NM away and you fly toward it you are 

doing pilotage. 

While doing pilotage the airplane drifts but the pilot compensates seamlessly.  

If you are flight planning for a flight that you intend to complete by pilotage there is no 

need to calculate drift, but you do need a strategy for estimating the effect of wind on 

flight time (so you can make sure you have enough fuel for the trip). Normally this is 

done by estimating the average headwind or tailwind. We discuss headwind and tailwind 

under the topic of dead-reckoning below. A procedure for estimating headwind or 

tailwind is also provided below. We will return to the question of estimating the effect of 

wind when we discuss mountain cross-countries later. 

Dead Reckoning 
We now begin one of the major parts of this course which is learning to predict the 

heading and time in order to fly directly from point to point using dead-reckoning (DR). 

As mentioned previously, any flight over featureless terrain such as water or muskeg 

must be DR (or radio navigation). Even if a flight is by radio navigation accurate 

prediction of heading and time is necessary for time and fuel planning. 

TAS ï Wind Triangle 

When navigation planning you start with a known true airspeed and a forecast wind and a 

track you wish to fly. Your task is to determine the heading that is required to maintain 

that track and the groundspeed so that you can calculate time to destination.  

We will now learn the simplest method of solving the above problem. No calculators or 

mathematics is required. We will simply draw a picture. But it must be an accurate 

picture so get out your navigation-ruler and protractor and follow along. 

For our first sample problem we wish to fly from airport A to airport B. The distance 

between them is 240 NM and the true track is 050°. The wind is from 270° at 20 knots. 

The airplane flies at a true airspeed of 100 knots. 

 Get a blank piece of paper and complete the following steps: 

1. Draw a vertical line roughly in the center of the paper which we will use to 

represent a line of longitude (i.e. it represents true north). 

2. Make a small ñxò in the lower left quadrant of the sheet to represent airport A. We 
put it in the lower left quadrant because we are going to fly north-east so we want 

to allow room to draw the line to airport B. 

3. Center your protractor on airport A and orient it to north using the line of 

longitude. Mark 050° and then draw a line from airport A in the direction 050°. At 

this point your paper should look like the one below: 
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The line represents the track to airport B. We call this the track-made-good (TMG). We 

donôt need to mark on airport B. 

 

4. Next we will draw a vector representing the wind. Place your protractor on the 

TMG somewhere in the upper right quadrant. (When drawing TAS-Wind 

triangles always draw the wind toward the destination end of the TMG.) Orient 

your protractor to north using the line of longitude then mark a dot at the center of 

your protractor and another mark at 270° (the wind direction). 

5. Take your ruler and laying it accurately from the wind dot to the 270° mark 

measure the distance 20 NM from the TMG in the direction of the wind. You 

sheet should now look like the one below: 
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The most accurate way to perform the next step is with a measuring instrument known by 

geometers as a compass. If you donôt have one it is possible to measure with a ruler, but it 

will likely be less accurate. 

 
 

6. Set your measuring compass (shown above) to exactly 100 NM (the TAS) or use 

your ruler. Put the tip of the compass at the beginning of the wind vector and draw 

an arc that intersects the TMG near airport A. Your diagram should now look like 

the one below: 
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To work properly a TAS-Wind triangle must be drawn accurately. The TMG must be 

exactly 050°, the wind vector must be exactly 20NM long and the arc must be exactly 

100NM long. If these conditions are met you will get an accurate wind triangle. 

 

7. Draw a line from the point where the arc cuts the TMG to the beginning of the 

wind vector. This line is exactly 100 NM long and it represents the true airspeed. 

The diagram is now complete, and it should look like the one below: 

 

 



Navigation for Professional Pilots 

 Page 48 

 

The angle labeled (da) above is called the drift angle. The heading you must fly is 

represented by the TAS vector and you can measure it with your protractor. If you drew 

your diagram accurately true heading is 042°, and drift angle is 8°. 

 

Measure the distance from the arc to the point where the wind vector intersects the TMG. 

This represents the distance flown in one hour ï i.e. it is your groundspeed. The distance 

is 115 NM. We now have all the items we set out to determine: 

 

True heading: 042° 

Ground speed 115 Knots 

 

From this we can calculate the amount of time it takes to fly the 240Nm from airport A to 

airport B. It is NOT necessary to draw the full picture but if we did it would look like the 

one below: 

 

 
The purpose of the above diagram is to convince you that the net drift for the entire trip is 

proportional to drift for one hour. The flight from airport A to airport B takes 2:05 during 

which time the airplane drifts a total of 42 NM, which is represented by the line labeled 

ñwind/whole tripò above. But, as you can see it is in proportional to the length of the trip, 

so da is the same in both triangles. 

 

Complete the assignment for practicing TAS-Wind triangles. 
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Crosswind and Headwind 

TAS-Wind triangles are excellent for visualizing drift and determining groundspeed, but 

they are a bit unwieldy for practical flight planning. Thus we will introduce a 

mathematical model for determining drift and groundspeed. This model can be applied 

using an electronic calculator or a CR3 flight computer. 

 
 

The wind vector in the above diagram has been broken into two components, crosswind 

(XW) and tailwind (TW) that are perpendicular and parallel to TMG respectively. It is 

critical to remember that XW and TW are by definition relative to TMG not TAS, this is 

a common mistake. In slang pilots refer to tailwind as ñwind on the tailò which implies 

that it is relative to the airplane, but this is NOT correct. Tailwind, headwind, and 

crosswind are all relative to the TMG, which is the course that is to be flown. To see an 

active version of this definition examine the simulation called Crosswind, tailwind, 

tailwind, drift angle - definitions on the intranet.  

Drift Angle Defined 

From the diagram above the relationship between drift-angle (da), crosswind (XW), and 

TAS is easy to see. Rather than memorize this you should be able to reproduce the 

defining diagram and extract the definition from it: 

da = Sin-1(XW/TAS) 
 

Groundspeed Defined 

The following diagram extends the one above to define groundspeed (GS). 
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Note that TAS forms the hypotenuse of a right-triangle the base of which equals cos(da) x 

TAS. To this value the tailwind must be added to get groundspeed. The formula is: 

GS = cos(da) x TAS + TW 
 

It is very worthwhile to realize that as long as da is small there is not much difference 

between cos(da) x TAS and TAS. That is to say that cosine of a small angle is almost 

one. Thus when performing a quick estimate of groundspeed it is usually acceptable to 

add tailwind directly to TAS, but to get the precise value the cosine of drift angle must be 

applied. It is quite obvious that you can do this with an electronic calculator, but the CR3 

also makes this allowance as we will see. 

Calculation of Crosswind and Tailwind 

The above definitions show how we will use crosswind and tailwind to determine drift 

angle and groundspeed. What is missing is a method of determining crosswind and 

tailwind. To do that we must know the relative wind angle (rwa) as defined in this 

diagram: 
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The relative wind angle is the absolute value of the angle between the wind direction and 

the track made good. In the example above the wind direction is 090° and the track made 

good is 050°. The relative wind angle is therefore 40°. Once we know the relative wind 

angle the crosswind and tailwind can be calculated by simple trigonometry as: 

XW = sin(rwa) x Windspeed 
TW = cos(rwa) x Windspeed 
 

The above formulae can be used to determine crosswind and tailwind with an electronic 

calculator. The CR3 flight computer performs the same calculation. 

In the example problem the windspeed is 20 knots and the relative wind angle is 40° 

therefore XW = sin(40) x 20 = 13 knots and TW = cos(40) x 20 = 15 knots. Using these 

values the drift angle and groundspeed can be calculated, as described above. Drift angle 

is da = sin
-1
 (13/100) = 7° and groundspeed is GS = cos(7) x 100 + 15 = 115 knots. Note 

that these values match the ones previously determined using the TAS-Wind Triangle. 

Determining XW, TW, da, and GS with a CR3 

Now that we know the mathematical formulae and can apply them with any electronic 

calculator (or spreadsheet) we will learn to more easily evaluate them using the wind side 

of the CR3 computer. The CR3 performs the calculations described above by taking 

advantage of the mathematical fact that when you multiply two numbers, say A x B = C 

then Log(A) + Log(B) = Log(C). The CR3 has a ñwind discò that allows you to visually 

determine XW and TW and a logarithmic outer scale that determines da and cos(da) x  

TAS. The explanation of how to use the CR3 wind side starts on page 30 of the Jeppesen 

CR3 manual.  

There are a few minor terminology differences between your CR3 manual and those used 

in this text. For example TMG is the same as what Jeppesen calls true course (TC). 
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Jeppesen draws a distinction between drift angle and crab-angle; we will use the term 

drift angle for both.  

Read pages 30 to 50 doing all the sample problems (the short section on addition and 

subtraction on page 32 can be skipped). Once you have worked through the CR3 manual 

try the following sample problems: 

Sample Problems: 

Given TAS, wind, and desired true course (TC) determine XW, TW, da, and GS: 

 

TAS True Wind TC XW TW Da GS 

100 270/20 050     

100 270/20 330     

100 270/20 130     

100 270/20 220     

155 330/30 300     

155 330/30 180     

350 080/15 100     

350 080/15 010     

80 120/25 090     

80 120/25 210     

460 320/140 270     

460 320/140 170     

 

Drift Estimation 
The accurate mathematical calculation of drift angle and groundspeed as explained above 

can be performed with an electronic calculator, a CR3, a spreadsheet, or a computer 

program. However, when flying it is often necessary to change course without the 

opportunity to accurately recalculate the drift. Numerous IFR examples come to mind, for 

example when cleared to hold or to do an approach the pilot must establish a designated 

course (TMG) or when the assigned route is changed drift must be determined on the new 

route. In VFR flight you are already familiar with the need to plan a diversion should 

weather or some other circumstance require you to change course. It is therefore 

extremely valuable to have a technique for estimating drift and groundspeed using only 

mental calculation (estimations). 

Estimate XW and TW 

The first step is to estimate crosswind and tailwind. You will need to know the magnetic 

wind. A good pilot always knows the wind direction and speed. Remember that the upper 

wind forecast is in true, so you must apply variation to get the magnetic wind. 

 The estimation method is to use your heading indicator (HI) as though it is a CR3. On a 

CR3 TC is set at the top; on your HI obviously it is heading at the top, so turn in the 

direction you wish fly (if your aircraft has an HSI set the desired course on the course-
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bar). Locate the magnetic wind direction on the heading indicator and determine how 

many degrees from your nose or tail the wind is. Now estimate tailwind and crosswind. 

Because your HI doesnôt have a grid and wind-scale like a CR3 you will find it helpful to 

memorize the following three proportions: 
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In the above diagrams it is assumed that the pilot turned so that the desired course TC or 

TMG is ñon the nose.ò (This point is covered again below in the description of the 

simulation called Drift Estimation Challenge.) If the wind is 30° from the nose or tail 

then 50% of it is crosswind and 90% tailwind or headwind. If the wind is 45° from the 

nose or tail then 70% is crosswind and 70% is tailwind or headwind. And finally, if the 

wind is 60° from the nose or tail then 90% is crosswind and 50% is headwind or tailwind. 

These percentages must be memorized. 

If there is a 30 knot wind and 50% is crosswind and 90% is headwind then crosswind is 

15 knots and headwind is 27 knots. This example corresponds to a wind 30° from the 

nose. Had the wind been 30° from the tail the only difference would be that the tailwind 

would be 27 knots. Use this method to estimate the XW and TW for the following sample 

problems: 

Wind speed Angle from nose or 

tail 

XW HW 

20 30 from nose   

20 45 from nose   

20 60 from nose   

30 30 from tail   

30 45 from tail   

30 60 from tail   

40 On the nose   

40 On the tail   

40 On the wingtip   

 

Note that when the wind is ñon the noseò it is all headwind with zero crosswind. When 

ñon the tailò it is all tailwind with no crosswind. Similarly, if the wind is ñon the wingtipò 

it is all crosswind with no headwind or tailwind. It is crucial to realize that in this case we 

are using the nose to represent the desired course. Once we determine the drift angle we 

will adjust heading so that the wind will no longer be ñon the noseò or ñon the wingtipò. 

The error of assuming the crosswind and tailwind are relative to heading was pointed out 

earlier and it is important to realize why we are able to make our estimation accurately 

here despite that admonition. 

Once we know the headwind or tailwind we can estimate the groundspeed by subtracting 

or adding to the true airspeed. We learned previously that we should first multiply TAS 

by cos(da) but this typically makes only one or two knots difference, so for estimation 

purposes we can say that GS = TAS + TW or GS = TAS ï HW. 

It seems like it will be much more difficult to estimate da since we know that we need to 

evaluate the equation da = sin
-1

(XW/TAS). While this sounds impossible to do in your 

head there is a simple mathematical trick that makes it quite simple. To explain we will 

review the definition of the angle unit called radians, and the formula for circumference 

of a circle. 
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It is important to recognize the close relationship between arc-length and the subtended 

angle (ra). The angle ra can be precisely determined, in units of radians, by dividing arc-

length by radius.  To convert ra to units of degrees multiply by 180 and divide by pi. This 

may not be sounding like something that will be easy to do in your head but stick with 

me. Note that so far no simplifications have been made, i.e. the above definitions are 

precisely valid. Next we will look at how we can substitute the definition of the radian as 

an approximation for estimating drift angle. 
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Examine the diagram above that redefines XW as the wind component perpendicular to 

TMG. The point to notice is that the length of XW is very nearly the same as the length 

on an arc drawn from TAS to TMG. For small values of da it is reasonable to say that 

arc-length = XW. That being the case da in radians equals XW/TAS. Since we want da in 

units of degrees the formula becomes: 

Da = (XW x (180/Ʉ)) / TAS 

 

You may be thinking, ñThis still doesnôt seem too easy to do in my head.ò There is one 

final step that transforms the above equation into a simple method; it is called the ñMagic 

Numberò. Since TAS is the same from day-to-day we can calculate the value TAS time pi 

divided by 180 and memorize this number, we call it the magic number. Once you know 

the magic number for your airplane drift is easy to estimate, it is simply: 

da = XW / Magic Number 
 

Magic Number 

Magic number was introduced in the previous section. Magic number is simply TAS x Ʉ 

/ 180 i.e. TAS / 57.3. It is important for you to memorize the magic number of the 

airplanes you fly. It is helpful to know your magic number for both cruise and 

hold/approach speeds so that you can estimate drift in cruise as well as holds and 
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approaches. Since magic number is used for estimations there is no sense in calculating it 

overly accurately. For true airspeeds up to 180 KTAS determine magic number to the 

nearest ½, above 180 KTAS determine magic number to the nearest whole number. In the 

table below some magic numbers corresponding to the C-172, Travelair, and King Air 

have been left blank for you to fill in, other examples have been provided: 

Aircraft type True airspeed Magic 

Number 

Piper cub 60 KTAS 1 

Cessna 172 85 KTAS on approach 1.5 

Cessna 172 105 KTAS in cruise  

Piper Arrow 140 KTAS in cruise 2.5 

Beech 95 105 KTAS on approach  

Beech 95 150 KTAS in cruise 2.5 

King Air 120 KTAS on approach  

King Air 220 KTAS in cruise 4 

Dash 8 300 KTAS in cruise 5 

Lear Jet 440 KTAS in cruise 8 

Airliner 480 KTAS in cruise 8 

 

Estimation of Drift Based on Crosswind and Magic Number 

Once you commit your magic number to memory estimating drift angle is easy. Simply 

estimate crosswind, as previously covered, then drift angle equals crosswind divided by 

magic number. 

If you are flying a Piper cub with a 20 knot crosswind drift is 20°, what would it be in a 

King Air. The answer is 5° (20/4). What would drift be in a jet airliner with a magic 

number of 8? The answer is 2.5° (20/8). 

Complete the following drift estimations: 

Magic 

Number 

Crosswind 

(Knots) 

Estimated drift angle (da) 

1 25  

1 30  

2 20  

2 30  

2 45  

3 25  

4 30  

6 30  

8 30  
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Two-bit Math 

The magic number of a Beech 95 in cruise is 2.5, therefore drift equals XW/2.5. You may 

find it challenging to divide by 2.5 in your head but there is a simple trick that makes it 

easy. Answer the following question: 

You go to the 7-11 store to by a snack for $1.67. You reach into your pocket and discover 

you have a bunch of quarters. How many do you give the clerk? 

You probably had no trouble realizing you needed seven quarters to pay for your snack. 

You do this particular calculation so often that it seems trivial to you, but you have 

actually just divided 1.67/0.25. You would have freaked if I had asked you to divide 1.67 

by 0.25 in your head, but it seemed simple when you think of it as money. You most 

likely just remember that each dollar is four quarters and you know that one additional 

quarter covers items up to 25 cents, two are required for items up to 50 cents, and three 

for items up to 75 cents. Anything over 75 cents would have required an eighth quarter. 

And so on. 

Now compare the above calculation to the one you wish to do in your head XW/2.5. This 

is the same as saying (XW/10)/0.25. Of course dividing any number by 10 is very simple 

since all you have to do is shift the decimal one place left, for example 20/10 is 2, 33/10 

is 3.3, etc. Can you see how to use this trick to estimate drift angle? Simply take the XW 

and divide it by 10, then think of the result as the price of your snack and pay for it in 

quarters. For example if the crosswind is 15 knots, that becomes $1.50, which will take 

six quarters; therefore da = 6°. Try the following examples for yourself: 

Magic 

Number 

Crosswind 

(Knots) 

Dollar 

amount 

Estimated drift angle (da) 

2.5 10 $1.00 4 

2.5 15 $1.50  

2.5 17 $1.70  

2.5 20   

2.5 22   

2.5 24   

2.5 28   

2.5 32   

2.5 36   
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Drift Estimation Challenge 
From the ProfessionalPilot.ca website you should now examine the simulation called 

Drift Estimation Challenge. Follow the instructions below. 

Load the Simulation called Drift Estimation Challenge 

Click the next button to start the simulation. 

Perhaps the most useful skill any IFR pilot can develop is the ability to estimate the wind 

drift WITHOUT a flight computer. Developing that skill is what this simulation is all 

about. 

As we learned above, headwind/tailwind does NOT affect drift. Therefore in this 

simulation we are only interested in estimating the CROSSWIND. 

In frame 1 you should adjust the airspeed, using the Z-key or Q-key to the airspeed of the 

airplane you normally fly. Once you have the airspeed set: 

Click the ñnextò button, or number ñ2ò. 

In this frame you can set any amount of wind you desire (you can keep changing it later. 

Be sure to set lots of wind.) 

Visualize the Wind Vector 

Click the ñnextò button, or number ñ3ò. 

 

The simulation presents the wind vector for you on the heading indicator; it is the blue 

vector. Try changing the wind to see the blue vector change. The length of the vector 

does NOT change, only the direction. 
















































































































































































































































































































































































































































































