April 18, 2008

Blue Skies, Red Sunsets, White clouds, and Haze (continued … Chapter 15)

· We will now consider what happens to visible radiation from the Sun that encounters the Earth’s atmosphere.  Some of it is transmitted, some is absorbed, and some is scattered.

· Draw a simple diagram to describe this
· All of the optical phenomena that we will describe here are the result of scattering.  The scattering is done by molecules of gas in the atmosphere, cloud droplets, and aerosols.  To first order, the properties of each scatterer depend on the size of the particle in relationship to the size of the wavelength of the radiation.  We will not explain those details, only give the results …
· Clouds appear white because cloud droplets scatter all wavelengths of visible light about equally.

· See figures 15.1 and 15.2.
· It may be easier to understand what is going on by thinking of white light as being composed of individual photons of all visible colors.  For cloud droplets each different “color” of visible photon is equally scattered.

· The sky appears blue (when you look away from the Sun) because individual gas molecules in the atmosphere scatter shorter wavelength visible light (blue) more efficiently than longer wavelength visible light (red).

· Draw what happens when white light passes through a long tube of air.
· See also figure 15.4.
· You should realize that if visible light were not scattered by gas molecules (and/or aerosols) in the atmosphere, the sky would be black.  Only light on a direct path from the Sun to your eyes would be seen … the sky away from the sun would be black (would be able to see stars even during the day).

· During sunrise and sunset, the disc of the Sun often appear red.  At those times of day, sunlight travels through a long path in the atmosphere.  What you see then is the light which has been transmitted through a long path in the atmosphere.  Since most of the blue will be scattered out of this long path by gas molecules, the remaining transmitted light is red.

· This was also shown on the previous diagram.  Also see figure 15.8.
· During most of the day the disc of the Sun looks white.  This is because it is only when the sun is near the horizon that the path through the atmosphere is long enough to scatter away enough blue light from the direct beam to make the disc of sun look red.
·  Haze is an atmospheric phenomenon where aerosols (e.g., dust, smoke, sea salt, etc.) obscure the clarity of the sky or affect visibility.  The scattering and absorption properties of individual aerosols depend on the size and composition of the aerosol.
· Some very interesting, but rare, optical phenomena can be caused by hazes which scatter or absorb different colors of visible light differently.  For example some hazes scatter blue light more than red (like gas molecules), while other hazes may scatter red light more than blue.  We will not discuss these rare cases.

· Most often aerosols scatter (and/or absorb) all colors of light equally, so they appear white.  The most noticeable affect of haze is usually a reduction in visibility wherein the sky takes on a whitish appearance.  Many types of aerosols swell or expand as relative humidity increases, so haze is often more apparent in more humid climates.
· Draw diagram to show how haze limits visibility
· Explain “crepuscular rays” using figure 15.7.
Seasons, Seasonal Changes on Earth (Chapter 2, p. 43 forward)

· Seasonal changes on Earth take place because the distribution of solar heating around the globe changes during the year, repeating a 365.24 day cycle

· Total heating from the Sun (averaged over the globe) changes little during the year, but it does change quite a bit at one given location during the year (seasonal changes).

· The potential amount of solar heating (at a given location) depends on two factors: 

· The solar angle at noon

· Heating is most intense when the Sun is directly overhead
· The length of day (sunrise to sunset)

Note that both of these factors change during the year at all locations on Earth

· Solar angle effect

· We will define the solar angle as the angle to the Sun measured from straight up.
· Draw some simple illustrations
· According to our definition, the smaller the solar angle (or the closer the Sun is to directly overhead), the more intense the heating from the Sun.

· This is shown in figure 2.19
· You already know this from your own experience.  When does the Sun “feel” strongest?  At sunrise when the Sun is on the horizon (solar angle = 90°) or the middle of the day when the solar angle is smaller?

· In fact at any location on Earth, the time of day when solar heating is most intense is at solar noon, which is defined as the time exactly halfway between sunrise and sunset.  The solar angle at solar noon is one of the factors that determine the amount of solar heating.

· Seasonal Changes in solar angle at solar noon
· Because the Earth is a sphere and because the Sun is so far from the Earth, sunlight hits the Earth’s surface straight on (perpendicular to the surface) at only one point.  The most intense solar heating on Earth occurs right at that point.  The further you move away from this point, the less intense the heating from the Sun.

· This is simple geometry.  I will draw a picture.
· What is left to explain is why and how the position of this point of most intense heating changes during the year.

· I will attempt to show this using a model of the Earth.
· We need to define two terms.  The Earth’s axis of rotation is an imaginary line running through the south and north poles about which the Earth rotates.  One rotation is completed in 24 hours.  The Earth’s ecliptic plane is an imaginary plane that contains the Earth’s orbit about the Sun.

Seasons on Earth occur because the Earth’s axis of rotation is not perpendicular to its ecliptic plane (the plane made by its orbit around the Sun).  Currently it is 23.5° away from perpendicular.
· Draw a diagram showing this

· The solar declination is the LATITUDE at which the noon-time Sun is directly overhead (i.e., where the solar angle is 0°)
· It is only one latitude each day
· It changes slowly from day to day following a 365.24 day yearly cycle
· It ranges from 23.5° North latitude to 23.5° South latitude during the year.
· Draw a graph showing how solar declination changes during the year.

· You should have a basic understanding of this graph.  You will need to know the solar declination of the specially marked dates on the graph:  spring equinox, summer solstice, fall equinox, and winter solstice.
· We can now present an astronomical definition of the tropical zone on Earth … the tropics include the region of Earth between 23.5° North latitude and 23.5° South latitude where there is at least one day per year when the noon time Sun is directly overhead.
· Question:  How many days per year is the noon-time Sun directly overhead for a place located at 10° north latitude?
· Question:  How many days per year is the noon-time Sun directly overhead in Tucson, located at 32 north latitude?
· What is the solar angle at noon for places not located at the solar declination?  This is easy to compute and you will have to do this on the next quiz.  At local solar noon the line to the Sun always falls within the local north-south plane.
· Solar angle at noon = # of degrees of latitude that your location is away from the solar declination (SD).

· If the SD is to your south, sun is south of straight up

· If the SD is to your north, sun is north of straight up

· Go through several examples for how the solar angle at noon changes during the year

· Tucson (32° north latitude)
· Equator (0° latitude)

· A location at 60° north latitude

· We will come to the following conclusion:  seasonal changes (over a year) in solar heating at noon are smallest at the equator and get larger and larger toward the north and south poles (higher latitudes).
