Draft 


Title of Classroom Lessons:  Navigators: How Math is used in Aerial Navigation   


Draft version, Last Revised: 7 May 2004
Grade: 5                     
Subject: Math—Aeronautical Charts, Plotting a Route, Calculating Distances and Time to points or Estimated Time Enroute (ETE). 
1. TEKS used as guidance. 

1.1. 5.2-5.5; 5-11,5-13,5-14.

2. Activities planned for AirFair Learning Session.

3. Knowledge and/or skills will be helpful to students in preparation for the AirFair Lesson Station Titled: Aeronautical navigation: Diverting to an alternate.  
3.1. Define a nautical mile vs. a statue mile

3.2. Locate towns (starting with Hearne), airports, and other features on the Houston Sectional Chart

3.3. Use the Navigation Plotter to measure distances between points on the Sectional chart

3.4. Measure distances between points on a route of flight using the plotter in nautical miles.

3.5. Draw a line between the departure airport (Hearne), checkpoints along the route, and the destination airport. Each distance between checkpoints is called a “leg” of the route; transpose the distance between each leg onto the Nav Log. Calculate the total distance of the route by added up the distances for all legs of the route. 

3.6. Express the speed of an airplane in nautical miles per hour or knots, (nm/hour). Given a speed, calculate the estimated time enroute (ETE) by multiplying the rate by the total distance.

3.7. Express directions on a map by degrees of the compass, e.g. an airplane heading north is moving on a direction of 360 degrees, east--090 degrees, south—180 degrees, & west—270 degrees.

4. Media & tools to use: Navigator’s Kit. Consisting of a Houston Sectional Chart, Wide Area Chart (WAC) for Texas, Navigation Plotter, Nav (Navigation) Log, and pencils.

5. Suggested content to discuss in class prior to AirFair
5.1. Orientation for students. Math and science are the very foundation of aeronautics, the science and technology of air flight. In addition to aeronautics, many other sciences are built on physics, mathematics, and other technical fields such as meteorology, the study of the atmosphere, structural engineering, the study of how metals, glues, and composites can be used in airplanes, electronics, and many others.

5.1.1. Mathematics is extremely important to pilots, navigators, and other persons involved in aeronautics. Pilots use math in navigating, aeronautical charts, measurements special to aerial (and nautical) navigation.

5.1.2. Pilots use modern navigational tools today, but as student pilots, they have to learn the fundamentals of navigation where they combine map reading skills with mathematical knowledge and skills to determine headings, time to places they want to go that is shown on an aeronautical chart based on the speed of their airplane, and how to express direction of travel in terms such as North, East, South, or West and expressing these directions in a numerical expression. 

5.1.3. Show images of navigational instruments that airline pilots use. 

5.1.4. Relate aerial navigation to taking a drive in a car from Hearne to College Station. Pilots use “highways in the sky” just like your parents do if they drive to College Station along Highway 6. 

6. Discussion activities. The following concepts can be discussed in class: 

6.1. What is navigation? Student pilots use two types of navigation: pilotage and dead reckoning. How does aerial navigation differ from taking a drive in a car?

6.2. What measurements do navigators and pilots use? 

6.3. What is an aeronautical chart or map? 

6.4. What do we mean by the “scale” of a map? Compare the scale of the Houston Sectional Chart with a road map, a flat world map, and a globe.

6.5. How do aeronautical charts differ from a road map?

6.6. What are the parts of an aerial route? Departure airport, enroute check points, and destination airport, and alternate airport, used in case the pilot has to “divert” to another airport in case of weather conditions or mechanical problems. 

6.7. What navigational tools are used in basic aerial navigation? 

6.7.1. Plotter is the basic tool to determine direction and calculate distances between two points on a chart. 

6.7.2. A flight calculator (not used in these lessons) is also used to calculate the effects of the winds on airspeed and the direction that the pilot must fly the airplane in order to move across a plotted course on a map, temperature conversions, fuel consumption, and many other calculations. Computers have now taken the place of the basic E6-B flight calculator, but student pilots have to calculate all cross country flight information using the low-tech calculator.

6.8. Three basic calculations in aerial navigation are: identify good checkpoints on a chart that the pilot can clearly identify from the air, determine the distance in nautical miles between two points, and calculate the estimated time enroute (ETE) between check points or for the total route of flight. You then add each time between checkpoints to get an ETE for the entire route. 

6.8.1. To calculate ETE, multiply the distance by the speed of the airplane.

6.8.2. Speed of the airplane in nautical miles/hour (or knots) is converted to units of distance and time in minutes, so by re-ordering the units so that distance cancels, you get estimated time in minutes, e.g. a speed of 120 kts flying for 120 nm would take an hour to get the checkpoint. You can also convert the speed into units of minutes so your estimated time is in minutes. In this example, the airplane flies 2nm per minutes (120kts). You mentioned using fractions is not a good idea, so we could tell the students that the airplane’s speed is 2nm/minute or 120 nm/hour. Could they convert 120nm/h to 2nm/minute? 

6.9. Not sure we’ll have time to this and is likely beyond the 5th grade skill set. Calculate the direction of flight across the Earth’s surface by using the plotter to determine a true course—assuming no winds or other factors. 

7. Demonstrations and experiments 
7.1. Compare different types of charts, maps, globes, in terms of scale (large, small), detail of the chart, uses, etc. Small-scale charts/maps show less detail and look at the larger perspective. A chart with a scale of 1:500,000 (sectional chart) is larger than a scale of 1:1,000,000 (WAC chart)—1/500,000 >> 1/1,000,000. 
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