Air Mass Calculations

Teacher Handout

By: Kevin Finnerty

Note to the teacher: this is best taught after the unit on the apparent movement of the sun, as enrichment or reinforcement.

Primary NYS Science Content: Standard 4

· Key Idea 1 The earth and its celestial phenomena can be described by principles of relative motion and perspective.

1.1f During Earth’s one-year period of revolution, the tilt of its axis results in changes in the angle of incidence of the Sun’s rays at a given latitude; these changes cause variations in the heating of the surface.  This produces seasonal variations.

1.1g The Sun’s apparent path through the sky varies with latitude and season.

· Key Idea 2 Many of the phenomena that we observe on Earth involve interactions among components of air, land, and water.

· Average temperatures on Earth are the result of the total amount of insolation absorbed by the Earth’s surface and its atmosphere and the amount of long-wave energy radiated back into space.  Significant climate changes indicate that in the past there have been significant imbalances in the heat budget of the earth.

· Global climate is determined by energy transfer from the Sun at and near the Earth’s surface.

2.2a-d Explain how incoming solar radiation, ocean currents, and land masses affect weather and climate.

Primary NYS Process Skills:

· Standard 1 Mathematical Analysis

· Key Idea 2 Deductive and inductive reasoning are used to reach mathematical conclusions.
·  Calculating air mass by use of  (1/sin().

· Key Idea 3 Critical thinking skills are used in the solution of mathematical
· Deciding the most useful time for sunphotometer readings based upon data analysis.
· Standard 6 Interconnectedness

· Key Idea 2 Models are simplified representations of objects, structures, or systems used in analysis, explanation, interpretation, or design. 
· The model of the earth’s surface and the atmosphere used to derive the model for the air mass calculation.
· Key Idea 3 The grouping of magnitudes of size into a series of relative order provides a useful way to deal with the immense range of scales in the ecosystem.
· The normalization of air masses based on “one” air mass being equal to the air mass at solar noon.
Instructional/Learning Objectives:

1. Understand the cause of the change in sun angle throughout the day.

2. Explain how the change in sun angle causes the change in air mass insolation passes through.

3. Define the following terms; air mass, sun angle, normalization, absorbency, sunphotometer, solar noon, zenith.

4. Improve their skills in measuring distances with a ruler and angles with a  protractor.

5. Improve their calculator skills in performing sin functions.

6. Explain the reason why 1/sin( can be used to calculate air mass.

a. Show the value of indirect measurements

7. Explain why the normalization of air mass measurements is useful for comparison of air masses.

8. Choose the time of day when the rate of change of sun angle and air mass is greatest and explain why this is so.

9. Explain how to choose the best hours of the day for taking sunphotometer readings.

Do Now: Answers are from the diagram in the handout.

Motivation: You are chosen as a team leader for a group of students trained in the use of sunphotometers.  They don’t understand the theory behind taking the readings, however and you must give them guidance as to when to take the readings for the  aerosols group.

Developmental Strategies:

1. Have students read the Problem and Background aloud in class.

2. Review the Do Now.

3. Elicit the AIM from the students after the information is read out.

4. Show the students a sunphotometer and briefly explain their function.

5. After reviewing the Do Now and the diagram in the handout, distribute rulers and have the students measure the distances and complete the questions

a. There will be rapid change in length for the first four positions.

b. Ask if the students understand the value of normalization, if not, explain the purpose.

c. Have the students compare the normalized measurements to the direct measurements, which do they think are easier to compare?

6. Q?   For air mass measurements, do you think we should continually send a balloon to the upper stratosphere and measure air mass that way or just divide by one air mass? Which is easier?

7. Activity
a. fsgsdfgsf Depending on the level of the students, it may be necessary to explain the concept  behind a spreadsheet, that it performs mathematical calculations based on the formulas that are inputted.  This particular spreadsheet uses astronomical information to track the sun’s position throughout the year and calculate sun angles for a particular longitude and latitude vs. hour.

b. The air mass is normalized so that it can be compared with one.

c. Zenith- when the sun is directly overhead.

d. Have the students “sweat it out” and figure out rates of change per hour for comparison purposes.

8. Guiding question. Why simplify a model?  In any model, simplifications are made to make the model easier to understand. A simplification here is that the earth’ surface is flat.  How does that make the “math” easier?  For a person standing on the earth, does the earth actually look “flat” in comparison to the thickness of the atmosphere? (hint: the radius of the earth is 6800 km and the thickness of the atmosphere is 12 km)

9. Pivotal Question; Should we send up a balloon into the atmosphere to measure the thickness of the atmosphere or get a large ruler and stand it up to the top of the atmosphere? Mention how the Egyptians indirectly measured the height of the pyramids by similar triangles and the shadows they both cast.  How can we use trigonometric functions to measure the height of the atmosphere indirectly?  Depending on the level of the students, it may be necessary to teach the students about sin functions as a “black box” (just push the button) or review the concept.

a. Model the sin function for the students on the calculator.

