Math for pilots – Geoffrey VeneKlasen

Don’t panic! Math can be mildly entertaining, and my quest is to help you understand arithmetic in aviation by using a variety of shortcuts to make our lives easier. Math is absolutely essential in aviation. Some of us tackle it with ease, while others fall asleep at the prospect of it. As a flight instructor and pilot examiner I see fewer and fewer pilots using mental shortcuts for simple problems in flying. New technology seems to have usurped what I believe is the most fabulous tool we have in aviation. Try to get your electronic E6B to help you make a rational decision in an emergency. 
 I am a dyslexic left-handed guy with a passion for aviation safety. I believe that traditional ways of thinking for calculations while flying make us safer in the cockpit. Many of these can be easily done in our heads. Flying is a head game.


There are many formulas used in various computations in flying. I have chosen some shortcuts to try to make your life simpler. The following chapter is by no means complete. As with any discipline, this is a work in progress, and it will periodically change. It contains equations for anything from weight and balance to navigation to weather. Examples are given to try to demystify arithmetic in aviation. I am NOT a mathematician. I do, however, enjoy the occasional self-flagellation that math can offer. Enjoy the following (or at least humor me and pretend that you do).
Airplane Performance

Density Altitude

· the standard pressure lapse rate is about 1 in. mercury (Hg)/ 1000 ft.

· to convert indicated altitude to pressure altitude, subtract the current altimeter setting from 29.92, multiply by 1000, then add this sum to the indicated altitude

EXAMPLE: The indicated altitude is 1850 ft. MSL and the altimeter setting is 30.18. What is the pressure altitude?


29.92- 30.18= -.26


   -.26x 1000= -260


  -260+ 1850= 1,590ft.
A rule of thumb calculation for density altitude- Figure out what the 
standard temperature (ISA) should be for the airport elevation. To do this we use the standard lapse rate of 2˚C per thousand feet. Example: The airport is at 7000” 
MSL. 7x2=14 (lapse rate). (standard temperature at sea level) 15 – 14= 1˚C (34˚F) is the standard temperature for 7000’ MSL. For each 1˚C above standard, add 108’ (100’ for ease of arithmetic) to the field elevation for density altitude.

Use our 7000’ airport with a standard temperature of 1˚C. The temperature is now 
30˚ (86˚F), which gives 29˚ above standard or 2900’+ 7000’= 9900’ density altitude. 
Your airplane thinks it is at 9900’MSL! It doesn’t take much above standard 
temperature to make density altitude a real concern.

Pivotal Altitude= GS²/ 11.32


-pivotal altitude is used during ground reference maneuvers. Remember that 


the airplane will slip if above the pivotal altitude, and skid if below to keep 


the wingtip on the ground reference point
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EXAMPLE: your Cessna 172 has a ground speed of 95 knots, and the 


pivotal altitude is 797 feet AGL.  95²= 9025/ 11.32= 797

Rule of thumb jet fuel calculation- to convert pounds to gallons, take the total fuel 
load in pounds, take off the last zero, and add half of the remaining amount

EXAMPLE: you need to add 2500 lbs. of fuel. Take off the last zero (250), and add 
half of 250 (125) to 250, or 375 gal. (375x 6.7= 2512 lbs.) Straight forward.

Weight and Balance


The center of gravity (CG) of any aircraft is computed along its longitudinal axis

 
The formula for weight and balance is: weight x arm= moment
- arm is the distance of the weight from the datum (a fixed position on the                                                                             longitudinal axis of the airplane)

a) multiply the weight of each item (pilot, passengers, baggage, fuel) by its arm (100LL weighs 6#/gal., oil 7#/gal, and jet fuel 6.7#/gal.,water 8.35# gal.)
b) add the moments (plus the empty weight moment of the airplane)

c) add the weights (plus the empty weight of the airplane)

d) divide total moments by total weights
CG = Σ moments 
    Σ weights       (Σ the Greek letter sigma means the sum of)
This equation is fairly straight forward. CG change can be a little bit more confusing. AND we have to return to high school Algebra. If you were occupied with more important things in high school like I was, then this may be a bit onerous. Be patient and we will walk through this problem together. I will re-familiarize you with some basic math concepts and attempt to demystify this puzzle. When you are conversant with this process, you can certainly impress your friends, and will always have ammo for compelling conversation at wrestling matches. Yes, the steely-eyed aviator/aviatrix with sharp math skills to boot!
Change of CG


NEW GC= Σ moment 1 ± moments         

                 Σ weight 1 ± weights
Remember: moment 1= the original moment, and weight 1= the original weight
EXAMPLE: What is the location of the CG if 60 pounds are removed from station 160?
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Given: Airplane weight 2350 lbs.


            CG location         Station 79


New CG= 2350 (79) – 60 (160)    original wt. x original mom. minus new wt. x mom.
                 2350- 60              original weight minus weight (removed not added)
       = 18650- 9600
                2290

       = 176050
            2290

       = 76.8

Now see if this number, 76.8, is within the CG envelope in your aircraft POH. This is just an arbitrary problem, and your particular numbers will differ. Also remember 
the appropriate order of operations; do the multiplication first. So, that wasn’t too terrible. 

Weather

The standard temperature at sea level is 15˚Celcius (59˚F)


The standard pressure at sea level is 29.92 in. Hg (1013mb)


-To convert Celsius to Fahrenheit: F to C= -32/1.8, and C to F= x1.8+ 32

An easy rule of thumb is Cx 2+ 30= F, and F-30/ 2=C


EXAMPLE: 10˚Cx 2= 20+ 30= 50

                             10˚Cx 1.8= 18+ 32= 50 


The standard lapse rate (cooling rate with increase in altitude) is 2˚C/ 1000 ft.


-Height estimation of cumuliform cloud bases

unsaturated air cools at about 5.4˚F (3.0˚C) per 1,000 feet


dew point decreases about 1˚F (0.5˚C) per 1,000 feet


the temperature and dew point converge at about 4.4˚F (2.5˚C) per 1,000 feet (this 
is known as the Moist Adiabatic Lapse Rate, another fabulous term to throw around 
at cocktail parties)

EXAMPLE: At what altitude above the surface would you expect the base of the 
cumuliform clouds if the surface temp. is 15˚C and the dew point is 6˚C?


The temperature/ dew point spread is 15- 6= 9

 and 9/ 2.5= 3.6x 1000= 3,600 ft. AGL
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Navigation

-The 2200 rule- If you want to figure the ˚180 reciprocal of a VOR radial, or 
figure a 180˚ course change use the 2200 rule. If the initial heading is less than 
180˚, add 200 to the radial/course, and then subtract 20 from the sum. If the 
initial heading is greater than 180˚, subtract 200 and add 20.

EXAMPLE: you are flying a heading of 035˚ and want to make a 180˚ course change 
either because you inadvertently flew into the soup or are in imminent danger of 
violating the Washington, D.C. TFR (why are those two F-16’s practicing formation 
slow flight off my right wing?). If you flew into the clag, don’t forget to fly the 
airplane and start your timer which may be in your flight bag in the back seat with 
dead batteries…

035+ 200= 235- 20= 215˚


-Another Reciprocal Rule (Add 2, Subtract 2)

On Easterly Headings- ADD 2 to the first number, SUBTRACT 2 form the second                                       
number: EX: 090˚, add 2 to the 0= 2, and subtract 2 from the 9= 7 and carry the 0


(270˚)


On Westerly Headings- SUBTRACT 2 from the first number, and ADD 2 to the 


Second number: EX: 250˚, subtract 2 from 2= 0, and add 2 to 5= 7 and carry the 0


(070˚)

- 60 to 1 rule- means that at 60DME from the VOR, every 1˚ of course deviation 
equals 1NM (about 6000’). So at 30DME, 1˚ equals ½ NM and so forth. 5˚ at 30DME 
would be 5x ½ or 2.5 miles of course

-Runway Reciprocal Rule- This is fun. Take the runway heading of intended use, add 
the sum of the numbers, and the sum of the numbers of the reciprocal runway will 
always be the same. EXAMPLE: runway 33, 3+ 3=6, reciprocal 15, 1+ 5=6 

-The Standard Atmosphere, International Standard Atmosphere (ISA) - since 
temperature decreases with altitude, a standard lapse rate, or ISA predicts 
temperature with altitude. 2˚C (3.5˚F) is the standard lapse 
rate to about 36,000 
ft. MSL. This marks the geopotential of the tropopause (remember the troposphere 
is where most of the weather occurs). Geopotential is a great word to throw around 
at political rallies and will make you sound exceedingly adept. The geopotential is the
 
average top of the troposphere. Temperature is crucial for aerodynamics, 
powerplants, and instrumentation

-Rule of thumb for calculating ISA- 15°C – 2x altitude/1000 

EXAMPLE: You are flying at FL 220 (22,000 ft. MSL). What is ISA?


22,000x 2= 44,000 (knock off the zeros, and subtract 44 from 15) = -29C

I know there is someone out there thinking “Sure pal, that’s me in my 172 at FL220.”
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-Indicated airspeed to true airspeed- remember that true airspeed (TAS) 
increases 2% per 1,000 feet of altitude gain

EXAMPLE: You are at 16,000 ft. MSL and your indicated airspeed (IAS) is 180KTS 
(or MPH). What is your true airspeed?


180x .2= 36+ 180= 216 
Time- Speed- Distance Calculations

For time-speed-distance calculations there are always four variables; distance, time, 
true airspeed, and wind. We always know at least three of these. If we can convert 
speed into miles per minute (don’t fall asleep here!) it is much easier to do these
problems in my Pleistocene brain. This will require a bit of memorization, but if you 
passed your checkride you are fully capable of following me through on this. 
Remember that 60KTS is 1 mile/ min., 120KTS is 2 miles/ min., etc. Jet drivers love 
to throw the 8 miles a minute around the water cooler and that would be? 480KTS; 
good on you. Remember that (GS) x (Time) = (Distance).  The speed variable in the 
equation is groundspeed GS), so you have to add a tailwind and subtract a headwind 
to get groundspeed (TAS ± Wind= GS). Here’s the way an example works.


If you know groundspeed, or can figure it out from TAS and winds, convert this to 
miles per minute. EXAMPLE: 240KTS/ 60= 4 miles per minute. Multiply miles per 

minute by number of minutes to get distance traveled. 7 ½ minutes gives 30NM 
traveled. Try this one:


Your are at 16000 feet and your groundspeed is 180KTS. You are cleared to 


descend to 7000 feet and plan a 500 ft./min. descent. How far will you 


travel in the descent?    
 
Here’s how to solve the problem in your head:

a) 180KTS is 3 miles per minute. Convenient, eh? I TOLD you I wasn’t an arithmetician

b) I need to descend 9000 feet at 500 feet/ min. 9 x 2=18 minutes
c) To find the distance traveled, multiply (3NM/ min.) x (18 min.)= 54NM

This also works really well in planning for STARs (Standard Terminal Arrival Procedures) too where you are expected to cross a certain fix at XYZ altitude and ABC speed.

Here is another rule of thumb descent calculation that works quite well for most turbine powered airplanes (and high performance piston airplanes).

To calculate the top of descent (TOD) and rate of descent do the following two steps:

a) Top of descent 1) Figure altitude to lose

                               2) Multiply by three
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                               3) Take off the zeros = Miles to start the descent

EXAMPLE: At FL240 you are cleared FL120 (12000 feet to lose)


12000 x 3= 36000, knock off the zeros gives 36 miles to start 
your descent

b) Rate of descent  Groundspeed divided by two, and add a zero

EXAMPLE: GS is 300KTS/ 2=150, add a zero= 1500 feet per minute


A really easy Descent Calculation?

In piston powered airplanes (where cooling is a consideration) use 5 miles per 1000 ft. In turbine aircraft 3 miles per thousand works well as a rule of thumb. 

Groundspeed
Here is a fun groundspeed calculation: In the western part of the U.S. there are circular irrigation systems for farming. There are typically two different sizes. The larger size is a half- section of irrigated field (320 acres, or one-half statute mile, 2640 ft. across). Find one while airborne and time how long it takes to cross it. 
EXAMPLE: 12 seconds to cross the circle, 60/12=2.5 statute miles a minute x 60= 150MPH. Remember that the conversion rate to Knots is to divide by 1.15 and you get 130 Knots (across the ground). Question: Why are MOST airspeed indicators in aerobatic airplanes displayed in Miles per Hour?
Tire Hydroplaning Rule

To figure out where your airplane will hydroplane on a wet or contaminated surface (slushy runway):


For Takeoff: √ of tire pressure x 9


For Landing:  √ of tire pressure x 7.7

EXAMPLE:


Main tire pressure is 80 PSI


√80= 8.9 x 9= 80 KTS for takeoff


√80= 8.9 x 7.7= 68 KTS for landing

(Makes you think about driving down the highway on a rainy night at warp 17, eh?)

Runway Gradient (slope)

Rise over Run times 100 gives runway gradient in percent


EXAMPLE:  Difference in elevation at either end of the runway= 40 ft.



       Length of runway is 7,890 ft.


40/7,890= .005x 100= .5%   

Headwind/Crosswind components


 Think back to high school trigonometry; if you are like me, I was thinking about boobs… incessantly. Triangles (and crosswind/headwind components have ratios. You only have to remember the sine and cosine for three angles (30, 45, and 60 degrees). You don’t even have to know what a sine and a cosine are. So, here:
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sine 30= 0.5

sine 45= 0.7

sine 60= 0.86

You are departing runway 20 (200°). The wind is 230 at 15 knots. What is the crosswind component? 

ANSWER: The wind direction is 30° off of the runway heading. The sine of 30= 0.5(or 50% of the crosswind velocity, 7.5 knot crosswind component). So very cool eh?

Same scenario. What is the headwind component (useful for calculating takeoff roll)?

cosine 30= 0.86

cosine 45= 0.7

cosine 60= 0.5

ANSWER: The wind direction is 30° off of the runway heading. The cosine of 30 is 0.86 (roughly 90%) of 15, or 13.5 knot headwind component.
Try some of these suggested shortcuts at home and in the cockpit kids and just see if it doesn’t give you more situational awareness. If you have a Flight Management System in your airplane (FMS) or GPS that has all of these functions, I would be willing to bet that you haven’t thought about any of this in a very long time. I would also be willing to bet that GPS direct or VNAV profiles are all that you fly (without 
the use of alternate NAVaids or enroute charts). We refer to you folks as the “children of the magenta line.” I used many of these skills shown here while I was a freight dog flying airplanes with minimal equipment and no autopilot. These skills were imperative with the single-pilot workload. 
Aviation really is a fabulous program of ego reduction. Fly safely, try to stay teachable, take responsibility if you make a mistake, and use every resource available to you in the cockpit including your best friend; the 3 pounds of hard drive space between the headset cups.
