Flight Operations
Unit 3

Lesson 2

Atmospheric Pressure in the Vertical-ANSWER KEY
Pressure is a force acting on a unit area of a surface (e.g., pounds per square inch is a pressure measurement). Air pressure is the weight (a force) of a column of air acting on a unit area of horizontal surface. To represent the concept of pressure concretely, two sets of blocks having the following characteristics will be used:

· All blocks have the same weight.

· All blocks have the same size square bases.

· Therefore, all blocks exert the same downward pressure on the surface beneath them (because the same weight is acting on the same size base).
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Take one block from each set and place it on its square base on the flat surface of a table. Because both blocks weigh the same and their bases have the same area, the blocks exert equal/unequal pressure on the surface of the table.

2. The shorter blocks have half the volume of the taller blocks while containing the same mass. (Both have the same weight.) Density is mass per unit volume, therefore, the smaller blocks are twice/half as dense as the larger blocks.

3. Place a second matching block on each block already on the table. Each stack is now exerting the same/twice the amount of pressure on the table as it did initially. The pressure exerted on the table by the tall stack is equal/not equal to the pressure exerted on the table by the short stack.

4. Now place the stacks side-by-side and add another matching block to each stack (3 blocks per stack). Insert a strip of plastic horizontally through the two stacks so that 2 shorter and 1 taller block are positioned beneath the strip. Compare the pressure exerted on the strip by the overlying blocks. The taller block stack exerts greater/equal/less pressure on the strip than does the shorter block stack.

5. Add a short block to its stack. Lift the top tall block and overlay the stacks with a second strip and replace the tall block. Add the rest of the blocks to their respective stacks totaling 5 blocks in each stack. The pressure exerted on the table by the tall stack remains equal/unequal to the pressure exerted on the table by the short stack.

6. Each block exerts one unit of pressure (1 UP) on the surface beneath it. In the table below, indicate the pressure in UP units each stack exerts on each surface. For each surface, compute and record the pressure difference between the two stacks.

	
	Tall-Block Pressure

(UP)
	Short-Block Pressure

(UP)
	Pressure Difference (UP)

	On Top Paper
	3
	1
	2

	On Lower Paper
	4
	3
	1

	On Table Top
	5
	5
	0


7. Starting at the tabletop and moving upward, the difference in downward pressure exerted by the overlying portions of the stacks increases/decreases. In the taller, less dense/shorter, more dense stack, the pressure decreases more rapidly with height.

8. Look at Figure 1. Lay the stacks of blocks on their sides on the figure with the bottom blocks in the positions shown. Following the examples shown, draw lines on the chart to record the positions of the tops/bottoms of all the blocks so the chart represents a side view of the two stacks. Place a large dot at the mid-point of each top/bottom line you drew. Following the examples given, use a ruler to draw lines from the dots in one stack to the dots in the other stack representing the same pressures. These lines connecting equal pressure dots become more/less slanted with an increase in height.

9. Figure 2 shows a cross-section of the atmosphere based on upper-air soundings obtained simultaneously at Miami, Florida and at Long Island, New York approximately 1,150 miles to the north of Florida. Air pressure values in millibars (mb) are plotted as dots at the altitudes where they were observed, starting with identical values at the Earth’s surface. At Florida, the air pressure at approximately 12,300 meters above sea level was 200/250/300 mb.

10. Air above the northern weather station, NY, was colder and therefore more dense than the air above the more southern FL. Following the examples shown at the surface and at 925 mb, draw straight lines connecting equal air-pressure dots on the graph. At the Earth’s surface these lines representing equal air pressures are horizontal/slanted.

11. Compare the lines of equal pressure you drew on the two figures. They appear quite different because one deals with rigid blocks whereas the other deals with air, and their scales are much different. However, both reveal the effect of density on pressure. The lines of equal pressure slope upward/downward from the lower-density tall blocks or warm air column above Florida to the higher-density short blocks or cold air column above NY, respectively.

12. Because of the slope of the equal-pressure lines in Figure 2, it is evident that at 12,300m above sea level the air pressure in the warmer air at Florida is higher than/the same as/lower than the air pressure in the colder air at NY at the same altitude.

13. Air pressure always decreases with increasing altitude. From our pressure-block exercise, it is evident that air pressure decreases more rapidly with altitude in cold air than in warm air. This has important implications for pilots of aircraft that are equipped with air pressure altimeters. An air pressure altimeter is actually a barometer in which altitude is calibrated using air pressure.

On 31 March 2000, an aircraft flies from FL northward to NY. At 12Z over Miami, FL, the onboard pressure altimeter indicates that the aircraft is at 3100 meters above sea level. From Figure 2, the air pressure is about 700/800 mb at that altitude. 

14. Relying on the pressure altimeter, the pilot continues to fly toward NY along a constant pressure level with an indicated altitude of 3100 meters. En route, the air temperature outside the aircraft gradually falls but the pilot does not alter the calibration between air pressure and altitude. Over NY, the pressure altimeter still reads 3100 meters, the indicated altitude of the aircraft. From Figure 2, however, it is evident that the true altitude of the aircraft over NY is lower than/the same as/higher than the altitude indicated by the altimeter, about 2900/3100/3300 meters.

15. In this example, the aircraft flies along a constant pressure surface (the 700 mb surface) which is at a higher/lower altitude in cold air than in warm air. In actual practice, a pilot must adjust the aircraft’s pressure altimeter en route to correct for changes in the altitude of pressure surfaces due to changes in air temperature. This correction ensures a more accurate calibration between air pressure and altitude.




Figure 1

Pressure Blocks, Side View



Figure 2


Vertical Cross-Section of Air Pressure


(12Z 31 March 2000)
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