Mathematical Solutions to Wind Correction

and Groundspeed Problems

by William R. Trippett, BSME, JD, CFI

In this day of electronic calculators and computers it is still fun to remember the way complicated mathematical problems were solved years ago.  As an undergraduate engineer, for example, I went through at least three slide rules.  The last one, a Post “Versalog” now decorates a wall of my office in a glass front frame bearing the legend “In case of Emergency – Break Glass.”

Aviation has been no different.  The venerable “E6-B” is still widely used and even the most feature-packed flight calculator barely rises to its level of simplicity and elegance.


The E6-B was invented, we are told, by Phillip Dalton in 1932.  To truly understand the power of the device one only needs to examine how it solves a complicated mathematical equation – determining the groundspeed and wind correction angle of an aircraft flying with winds coming from other than the nose or the tail.  This article will develop the solution to those problems by both trigonometric and vector methods and provide a spreadsheet solution using trigonometry.  Doing so is not to suggest there are not other methods, including numerical methods for the solution, such as Newton’s Method, but rather to show how simple the solution is when done graphically using the E6-B Computer.

The Trigonometric Solution.

One must first understand what is known and unknown in solving the wind correction and groundspeed problem.  Generally the pilot knows what direction he wishes to fly and the airspeed of his aircraft.  The direction is known as the “course” and the airspeed is usually given as True Airspeed in knots, or “TAS.”  The course is based on magnetic directions and, if developed from a chart having true directions, is corrected for the magnetic deviation.  

The wind direction is based on the direction that the wind is coming from relative to true north.  This is the opposite, of course, to the vector representation of the wind, which is characterized by a vector pointing in the direction the wind is blowing toward, rather than the direction of its source.  The magnitude of the wind is given in knots.

Thus for purposes of solving the wind correction and groundspeed problem we know the direction we want to go but not the speed over the ground.  We also know our airspeed but not the direction we need to point the aircraft – the “heading.”

The example in this discussion will be an aircraft on a course of 060( magnetic,  The wind is 15 knots from 155( True.  The magnetic deviation is 20( East.  The True Airspeed (TAS) is 105 knots.

The graphical solution is shown in Figure 1.  It is based on the traditional methods developed by mariners to determine course and speed given tide and current information.
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Figure 1

Graphical Solution to Groundspeed 

And Wind Correction Angle

First an arc or circle is drawn to scale that represents the speed of the aircraft - in this case 105 knots.  Next a line is drawn to represent the desired course, 060( Magnetic.  Now a line representing the wind vector must be drawn that is equal in length to the wind velocity and parallel to and in the opposite direction of the reported wind direction, corrected for the magnetic deviation.  The line must begin on the circle and end on the course line.  This graphical solution is, of course, exactly what the E6-B does in providing the solution to the problem.

If the dimensions are accurately drawn, the groundspeed may be measured along the course line from the center of the circle to the intersection with the wind vector.  The wind correction angle may be measured by drawing a line from the center of the circle to the intersection of the wind vector with the circle.

In Figure 2 the angles and dimensions have been further defined for purposes of solving the trigonometry.

A line perpendicular to the course line is now drawn between the course line and the end of the heading line.  We will call this line “CD.”  This creates the two triangles that will be needed to solve the problem, Triangle ACD and triangle BCD.  We will define the angle between the wind vector and the course line as ( and the angle between the course line and the TAS line as (.  The magnitude of the wind velocity is defined as Vw.  
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Figure 2

Detail of Trigonometric Solution

It is now clear that the magnitude of line CD is Vwsin (.  In the instant case the value of ( is 75(.  The wind velocity is 15 knots.  Thus the length of CD is 14.49.

It is also clear, however, that the length of the line beginning at B on the course line to point C, line “BC” in our example, is equal to 

BC = Vwcos(75() = 3.88

The length of line BC is thus -3.88.  The value is negative since the part of the wind vector resolved in the direction of the course line is acting opposite to the ground velocity.

Now note that line CD is also part of the right triangle ACD.  Since we know the value of BC we can solve for the angle ( and the length of line AC.  

( = arcsin(CD/AD).  In this case ( =  arcsin(14.49/105) = 7.93(.  This is the wind correction angle.

The length of the line from A to C is

AC = TAS cos( = 105 cos 7.93( = 104.0.

All that remains is to add the value of BC to AC to obtain the ground speed.

GS = AC + BC = 104.0 + (-3.88) = 100.1 knots.

The correctness of this value can be verified by solving the problem on the E6-B.

These values may be used to create a spreadsheet or memory calculator solution to the problem.  Two examples are contained in the appendix.

The foregoing shows how complicated it is to solve the wind correction problem mathematically and how easy it is to use the E6-B.

The Vector Solution.

The vector solution is more elegant perhaps and requires knowledge of vector algebra and unit vectors.  The problem can be solved on a modern calculator that  permits the use of vector algebra, such as the HP 48GX.  To use such a calculator requires conversion of the directions used in the example above to the conventional directions used in mathematics.

Vectors are numbers that have not only a magnitude, but also a direction.  The number of gallons of fuel your aircraft will hold is a simple scalar number.  It has a magnitude but not a direction.

Velocity, such as airspeed, on the other hand, is meaningless unless a direction is also known.  The difference in velocity between two cars traveling the same direction is very much different than the difference when the cars are traveling opposite directions. 

Vectors can be characterized in standard x, y coordinates as shown in Figure 3.  The value of the vector in the x direction is 3 and the value of the vector in the y direction is 4.  Using common algebra and trigonometry, the magnitude of the resulting vector, “R” in Figure 3, is 5 and the angle from the x axis to the vector is 53.13(.  One common way to represent such a vector on a calculator is [3,4].  The system of representing a vector this way is known as “rectangular” or “Cartesian” coordinates.

But vectors can also be represented by a magnitude and an angle.  The representation of the vector in Figure 3 using a magnitude and an angle is [5(53.13].  This method of representing a vector is known as “polar coordinates.”

Notice, however, that the angle 53.13( is measured from what is the 90 degree angle on the compass.  To use the calculator with vector math one must first convert the known quantities in compass directions to calculator directions.

The formula for the conversion is simple

(A = 90( - (B

This works only in the first quadrant between 0( and 90( of compass angle.  For angles (A  greater than 90 degrees the formula becomes

(A =450( - (B 
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Figure 3

Comparison of Rectangular Coordinates

With Compass Directions

Once the conversion is made, vector algebra can be applied to the problem.

In our example, the wind velocity and direction is reported as 155( True at 15 knots.  The angle is corrected for magnetic variation by subtracting 20(, resulting in 135( magnetic, and then converted to polar coordinates for use on the calculator.  Thus

(A = 450( - (B = 450( – 135( = 315(
The mathematical representation of this vector is [15(315].

But this is not the vector we need to solve the problem.  Remember that wind is quoted in the direction it is coming from, not the direction it is going.  The wind vector, on the other hand, is based on the direction the wind is traveling, in this case 135(.  Thus the wind vector is actually [15(135] for calculator purposes.  Note that it is easy to convert the direction of a vector to the opposite direction simply by multiplying by –1.  since by doing so merely reverses the direction of the vector.

The next trick is to determine the value of CB and CD in Figure 2.  We know the direction of CB, since it lies on the course line of 60(.  But we do not know its magnitude.  Fortunately vector algebra gives us a simple solution.  

A “unit vector” is a vector having a magnitude of 1.  Thus the unit vector represented by line BD is [1(240]  (Remember that the component of the wind in this example is opposite to the direction of the course so we must use a direction opposite to 60(.

Now we must again convert the direction from compass direction to polar coordinates.  In this case the angle becomes 450( - 240( or 210(.  The unit vector is thus represented as [1(210].

Now we use a vector algebra trick called a “dot product” to get the value of the wind in the opposite direction of the course.  The mathematical representation of the dot product of the wind vector and the unit vector of is

[15(135]([1(210].

Entering this value on the calculator results in the same value calculated above using trigonometry, 3.88.  The direction is opposite the course.  Thus vector CB becomes [3.88(210].

Next we need to calculate the value of CD.  We know. of course. That the direction of CD is 90( to that of CB. And the value of the component of the wind must be to the left.  Since the direction of CB is 210(, the value of DB must be 210( - 90( = 120(.  The unit vector in that direction becomes [1(120].

Again using the dot product the result is

[15(135]([1(120] = 14.49, just as calculated above.

The actual vector thus becomes [14.49(120].

We can now determine the length of AC as follows

AC2= AD2 – CD2

Thus AB2 = 1052 – 14.492  and AC = 104.0.

Subtracting CB from this value results in 104.0 – 3.88 = 100.1, just as determined above.

Thus the ground speed is 100.1 knots.

We can now calculate the vector quantity of the TAS by subtracting vector CB from AB.  To subtract one vector from another we multiply the first vector by –1 and add it to the second one.  Thus the heading becomes

[104.0(30]+(-1)[14.49(120] = [105(22.07].

The wind correction angle is thus 30 – 22.07 = 7.93, the same value as calculated using trigonometry.  In both cases the heading is 52.07( or approximately 52( in order to maintain a course of 60(.

Conclusion.  

There are other methods of finding the correction angle and groundspeed mathematically.  One can vector add the wind vector to the true airspeed vector in the direction of the course to get an approximate wind correction angle.  Then, applying that correction angle to the heading, recalculate the correction angle, repeating the process until the new angle is different from the last one by some small fraction,

The purpose of this exercise is not to suggest that anyone should use these methods unless the find themselves without an E6-B computer or its electronic equivalent.  (What would you do if your electronic E6-B batteries died?).  Rather it is to show how much the inventor of the E6-B must have known in order to develop it.  
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