CHAPTER 4

PRESSURE

OBJECTIVE

Determine relationships between variables relating to pressure.
INTRODUCTION

Pressure is an important atmospheric variable.  In this chapter, methods of measuring pressure are explained by use of charts that depict pressure and other atmospheric variables.  The relationship between wind speed and direction and pressure is introduced, and concepts of altimetry are reviewed.  This information will be used in dynamics and applications units.

INFORMATION

FORCE

Newton's 2nd Law of Motion

Force is a push or a pull capable of changing the state of motion of an object.  Since force has magnitude as well as direction, it is a vector.  The equation is 



 EQ  where: m is the mass of the object and a is the acceleration of the object.  The units are kg m/s2 or Newton (N)

Variable relationships.  Force is directly proportional to mass, when acceleration is assumed constant.  For example, if the mass increases by a factor of 10, what will happen to the force?
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And if the mass decreases by a factor of 5, what will happen to the force?
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Force is directly proportional to acceleration, when mass is assumed constant.  For example, if the acceleration increases by a factor of 8, what will happen to the force?
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And if the acceleration decreases by half, what will happen to the force?
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Examples of Force
Example 1.  How much force must be exerted on an object of mass 'm' to double the acceleration?
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Figure 4-1.  Force Example 1

Example 2.  Which has a greater force, object A:  a 2 kg object accelerating at 2 m/s2 or object B:  a 6 kg object accelerating at 2 m/s2?  Since object B is 3 times more massive than object A, how does the force exerted by object A, compare to that by object B?  
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Figure 4-2. Force Example 2

Weight

Weight is a type of force defined using a specific acceleration (due to gravity).  The equation is w = m g, where w is the weight of the object, m is the mass of the object and g is the acceleration due to gravity.  The direction is always toward the surface of the earth.  The magnitude is assumed to be constant (for this course). g = 9.8 m/s2.  The units are the same as force.

Variable relationships.  Weight is only dependent upon the mass since gravity is constant.  Weight is directly proportional to mass (same as force).  If the mass increases, the weight increases.  If the mass decreases, the weight decreases.

(w =  (m 
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The atmosphere exerts a force on the surface of the earth equal to its weight.  This is a very important concept in weather.  For example, if the amount of mass in a column of atmosphere increases, what happens to the force (weight) exerted upon the earth's surface by the column?
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Figure 4-3.  Weight Example

ATMOSPHERIC PRESSURE

The weight of the atmosphere exerts a force over a unit area.  Pressure is a scalar quantity.  The equation for pressure is: 



 where P is the pressure, F is the force and A is area.  

The units are N/m2 or a Pascal (Pa).  More commonly used is the millibar, where 1 mb = 1 hPa = 100 Pa. As altitude increases, the weight of the atmosphere above a unit area decreases, therefore the pressure decreases.  (Remember that gravity is constant so the amount of mass must change.)  

Variable Relationships

 Pressure is directly proportional to force, when area is assumed constant.  Example, the force acting upon an object is doubled, what happens to the pressure?




Example:  A force of 10 N acting over 1 m2 is decreased to 5 N, how does the pressure change?  




Pressure is inversely proportional to area, when force is assumed constant.
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Figure 4-4.  Comparison of Different Areas
Example 1:  You fly a magic carpet of 1 m2 in area up to an altitude of 5.5-km MSL.  The weight of the atmosphere above the carpet is 50,000 N.  What is the atmospheric pressure at this level in millibars?  
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Figure 4-5.  Calculating Pressure

Example 2.  What is the pressure at the top of the atmosphere?  

REVIEW EXERCISE 4-1

1. Which is greater and by how much?  A: the pressure of a 30 N force exerted over 5 m2 or B: a 30 N force over 15 m2.

2. If the area over which a force acts is decreased by a factor of 5, what happens to the pressure?

3. What is the weight of an object that has a mass of 7.5 kg?

4. A force of 10 N is applied to an object that has a mass of 5 kg.  The force is applied over an area of 2m2.  What is the pressure (in mb)?

Measuring Atmospheric Pressure

Mercurial barometer.  Pressure is measured as the height of a column of mercury in an evacuated tube.  An increase in pressure causes the height of the mercury to increase.  Pressure is measured in millimeters or inches of mercury, which can be converted to pressure units.  29.92 in of mercury is equivalent to 1013.2 mb (1 mb = 0.03 in).
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Figure 4-6.  Mercurial Barometer
Aneroid Barometer.  This is the most common type of home barometer, which contains no fluid.  It has an aneroid cell in it, which is a small flexible metal box in which the air is partially removed.  It is very sensitive to small changes in air pressure, and expands and contracts as the outside pressure changes.  The changes are transmitted to a needle, which points to the current pressure on a scale.

Digital Barometer.  The digital barometer is the primary pressure-measuring device used in most weather stations.  It displays an instantaneous digital readout of either station pressure or altimeter setting (ALSTG).  Pressure is reported to the nearest 0.001 inches of mercury or 0.1 millibars.  The digital display normally indicates the ALSTG.  The Air Force version is the ML-658/GM Digital Barometer Altimeter Setting Indicator (DBASI).

Altimeter.  This is an instrument used in aircraft to determine altitude.  The pressure is measured by an aneroid barometer in the altimeter, and reads out as height (in meters and feet) above mean sea level (MSL).  Altitude is inversely proportional to measured pressure.  As the pressure decreases, the altitude increases (pressure naturally decreases with height-there are less air molecules as you go up).   A 1000-ft increase in altitude corresponds to an approximately 1-inch decrease in pressure (within a few thousand feet of sea level).  Calibrated according to the Standard Atmosphere (see Skew‑T diagram).  Any deviation from standard will cause the altimeter-reported altitude to be inaccurate (1 mb = 0.03 in).
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Figure 4-7.  Altimetry Principles

REVIEW EXERCISE 4-2

1. As an aircraft descends in the atmosphere, what will the pressure on the altimeter do?  Why?

2. How is mass related to pressure?

Depicting pressure on charts.

Pressure is depicted on charts in basically 2 ways: constant height and constant pressure.

Constant Height Surfaces.  The height everywhere on the chart is the same and is called the Surface Analysis Chart.  The constant height is mean sea level.  Measured surface pressures at locations above or below sea level are corrected to sea level by using an estimation of the atmospheric conditions. (This is done by the computer using the R-factor).  Uncorrected surface charts would show low pressure in areas of higher terrain.  (For example, uncorrected surface pressure at Denver, CO is near 24.92 inches under average conditions.)   We’ll look at two examples of constant height charts, surface charts and thickness charts.

Surface Chart.  The pattern of pressure variation on a surface chart is depicted by connecting like pressure values with lines of equal pressure called isobars.  The standard interval is 4 mb on surface charts.  Low- and high-pressure centers are marked.
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Figure 4-8.  Surface Analysis Chart for 14 May 2002 1200 UTC
Constant pressure surface.  The pressure everywhere on the chart is the same.  (i.e., 850 mb chart.)  The height of the pressure level varies.

Upper-air charts.  Contour lines connect points of equal height, like a topographic map.  Heights are expressed in decameters.  Standard interval depends upon the level analyzed:


120 m on 300-mb charts


60 m on 500-mb charts


30 m on 700- and 850-mb charts

TABLE 4-1. Standard Height Values 

SURFACE
HEIGHTS


Meters
Feet

300 mb
9,164
30,065

500 mb
5,574
18,289

700 mb
3,012
9,882

850 mb
1,457
4,781

1000 mb
111
364

Examples of constant pressure charts:
On the 300-mb chart solid lines are contours.  Dark (large) dashed lines are isotherms.  Smaller (light) dashed lines are isotachs (lines of constant wind speed).  Drawn every 20 kts beginning with 10 kts.  Areas between 70 and 110 kts are hatched.  (Also between 150 and 190 kts). 
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Figure 4-9.  300-mb Analysis
On the 500-mb, 700-mb and 850-mb charts the solid lines are contours.  Dashed lines are isotherms.  
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Figure 4-10.  500-mb Analysis
[image: image17.png]US DEPT OF COMMERCE
NOAA/NHS/NCEP WASHINGTON

¥

/.

o

N

‘a

ANALYSIS HEIGHTS/TEMPERATURE VALID 12Z THU 06 JUN 2d027

700MB

D278 ..





Figure 4-11.  700-mb Analysis
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Figure 4-12.  850-mb Analysis
Combination of a constant height and constant pressure chart:

1000‑500 mb Thickness chart/Sea level pressure chart.  Solid lines are isobars labeled with the last two digits of the surface pressure.  The values of the thickness are computed using the height of the two pressure levels (i.e., 1000-500 mb thickness).  Thickness isopleths (lines of constant value) are depicted as dashed lines (the height of the 500 mb layer minus the height of the 1000 mb layer).
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Figure 4-13.  Thickness Chart
REVIEW EXERCISE 4-3

1. Give two examples of a constant height chart.

2. Give two examples of a constant pressure chart.

Buys-Ballots Law.  This is a very important tool for forecasters.  With the wind to your back, lower pressure (or heights) will be to your left (right) in the Northern Hemisphere (Southern Hemisphere).  Used to determine wind direction using contours or isobars.  The flow is cyclonic (winds turn counterclockwise in the Northern Hemisphere) around low-pressure systems and troughs.  The flow is anticyclonic (winds turn clockwise in the Northern Hemisphere) around high-pressure systems and ridges.  For the Southern Hemisphere, the flow is anticyclonic (winds turn clockwise) around low pressure systems and troughs, while the wind flow is cyclonic (winds turn counter-clockwise) around high pressure systems and ridges.  Wind flow remains “into” a low, and “out” of a high.  Assumptions:  This rule is not used in the tropics.  This rule assumes that flow is parallel to the weather map contours.  This rule is not used for actual winds near the surface (Reasons will be discussed later in the course.).
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Figure 4-14.  Determining Wind Direction using Buys-Ballots Law (Northern Hemisphere)

Typical features on constant height (pressure) charts. A low center is a point at which the pressure (height) is a minimum.  A high center is a point at which the pressure (height) is a maximum.  Troughs are elongated areas of lower pressure (height) (more in Dynamics I).  The pressure/height is lower along the axis than on either side of a trough and winds turn cyclonically in a trough.  Ridges, on the other hand, are elongated areas of higher pressure (height).  The pressure/height is higher along the axis than on either side of it and winds turn anticyclonically in a ridge.
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Figure 4-15.  Troughs and Ridges on a 300-mb Chart
REVIEW EXERCISE 4-4

1. According to Buys-Ballots Law in the Northern Hemisphere, the lowest pressure is located at where?  In the Southern Hemisphere?

2.
Look at the 850-mb chart valid 25 Jan 90/1200 UTC in WB-100.  Determine the wind direction at each point.

Gradient

The gradient is a change of some quantity over a distance perpendicular to an isopleth.  

Pressure gradient.  Pressure gradient is the change of pressure per unit distance (perpendicular to the isobars).  (PG = (P/(n).  PG is directly proportional to the change in pressure.  The greater the change in pressure over a given distance (more closely spaced isobars), the greater the pressure gradient. The smaller the change in pressure over a given distance (more widely spaced isobars), the smaller the pressure gradient.  

Height gradient.  Equivalent to pressure gradient on constant pressure surfaces.  Height gradient is the change of height per unit distance (perpendicular to the contours).  (HG = (Z/ (n).  HG is directly proportional to the change in height of the pressure surface.  The gradient vector is oriented parallel to (n and points in the direction of lower pressure or heights.
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Figure 4-16.  Dependence of Pressure Gradient on Isobar Spacing

Gradient terminology.  If the space between the isopleths (lines of constant anything ‑ generic term) is small, then the gradient is referred to as tight or strong.  If the space between the isopleths is large, then the gradient is referred to as loose or weak.

Effects of pressure (height) gradient on the wind.  Pressure (height) gradient is responsible for initiating the winds.  The wind speed is directly proportional to the pressure (height) gradient.  The wind speed is inversely proportional to the isobar (height) spacing.  Gradients are found for other variables, such as temperature (temperature gradient will be covered in the next chapter).
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Figure 4-17.  500-mb Chart
REVIEW EXERCISE 4-5

Using Figure 4-17, determine at which point the height gradient is strongest. (Note: all circles are the same size.)

1. A or B,  B or C,  C or D  

2. Which is weakest overall?  

3. Which is strongest overall?  
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Figure 4-18.  Wind Speed as a Function of Pressure Gradient
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Figure 4-19.  Wind Speed as a Function of Height Gradient
REVIEW EXERCISE 4-6

1. Explain the difference between pressure gradient and height gradient.

2. As isobars become spaced further apart, what happens to the pressure gradient?

3. The change in pressure between Omaha NE and Springfield IL increased from 8 mb to 12 mb.  What happened to the pressure gradient?

4. Refer to the 850-mb chart, valid 25 Jan 90/1200Z in WB-100.

a.
Where is contour gradient the weakest, point 1, 2, or 3?

b. Where is wind speed the greatest, point 1, 2, 3, or 4?

Vertical Cross-Section

The vertical cross-section depicts the slope of a constant pressure surface along a horizontal line. It’s useful to see how steep the gradient is.  It is equivalent to taking a vertical slice of the atmosphere, to examine the height of a constant pressure surface (used extensively in Dynamics).  Similar to a vertical profile of a mountain taken from a topographic map.  The slope of the cross section is directly proportional to the wind speed only if the cross section is oriented parallel to the gradient vector, thus perpendicular to the wind (more in Dynamics).

Procedure.
Step 1.  Select the line along which to do the cross section and mark it on the chart.

Step 2.  Set up axes (horizontal axis is the line drawn on a chart, vertical axis is the height of the pressure surface).

Step 3.  Determine height values along the line.

Step 4.  Plot the height of the pressure level vs. the horizontal position.

Step 5.  Connect the plotted points.
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Figure 4-20.  Vertical Cross-Section of the 500-mb Level
Altimetry

The vertical cross-section is useful to show the vertical path an aircraft would take if the pilot flew according to the altimeter without making any adjustments to the altimeter setting.  An altimeter measures the pressure and reports it as altitude.  The altimeter is only an estimate of the true altitude.  Planes flying according to altimeters are flying along a constant pressure surface.  Because the altitude of a pressure surface varies horizontally, altimeter must be constantly corrected to keep the aircraft near the actual height.

Altimeter settings.  Altimeter settings are the corrections made to altimeters to adjust for a non‑standard atmosphere.  The type of setting used depends on the altitude and location of the flight.  Since the weight and pressure over a given point varies, a correction for a non‑standard atmosphere must be applied to an aircraft's altimeter.  The correction is actually the altimeter setting produced at the weather station and relayed to the pilot.  The altimeter setting makes the aircraft's altimeter read closer to the actual altitude (but it is still only an estimate).

The QNE is always set at 29.92 inches (standard sea level pressure) and used by all aircraft above 18,000 feet MSL.  (18,000 feet is used in the CONUS only, the value is different in other parts of the world.)  The altimeter reads the height above the standard sea level (MSL).  All aircraft with the same altimeter reading will be flying at the same level.

The QNH is set to the corrected sea-level pressure of the station and used for takeoffs and landings and below 18,000 feet.  (18,000 feet is used in the CONUS only, the value is different in other parts of the world.)  The altimeter reads height above sea level (the station's corrected surface pressure).  The altimeter reads the station elevation when at ground level.

The QFE is set to the actual surface (station) pressure and used overseas at stations close to sea level (i.e., Netherlands).  The altimeter should read 0 feet when at ground level.

SUMMARY
Pressure is a very important atmospheric variable.  You were introduced to weather charts in this chapter.  The relationship between pressure and wind will be further explored in dynamics.

REVIEW EXERCISE 4-7

1.
Using the following chart, draw a vertical cross section from point A to F (heights are in decameters).
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2.
Use the 84-Hr 500-mb Chart in WB-100.  How does the height of the 500-mb surface above MSL change along the line from A to B?  The height of the 500-mb surface_________________.

a. increases from A to B

b. decreases from A to B

c.
is constant between the two stations

d.
decreases then increases from A to B
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