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GEOGRAPH - 354 CLIMATOLOGY                                        FALL 2016
Exercise - Earth-Sun Geometry and Sun Angle Variations

This exercise reinforces understanding of earth-sun geometry and sun angle variations. It also makes use of the 'Motions of the Sun Simulator', found at:
http://astro.unl.edu/classaction/animations/coordsmotion/sunmotions.html
Zenith angle (Z) is “the number of degrees between a site location (its latitude) and the declination of the Sun.”  It is the term in parenthesis in the equation we previously used for solar-noon sun angle:

sun angle = 90o - (latitude - declination)
Graphics illustrating the sun's declination are on the last page of this handout. To calculate the zenith angle:


Subtract site location latitude and the sun's declination when they are in the same hemisphere. 
Example: Site latitude is 60 oN. On June 21st the declination is 23.4 oN.   Z = 60o – 23.4o = 36.6o

Add the site location latitude and sun's declination when they are in different hemispheres. 
Example: Site latitude is 60 oN. On Dec 22 the declination is 23.4 oS.   Z = 60o + 23.4o = 83.4o
Sun angle (also known as 'sun altitude') at solar noon is thus:    sun angle = 90o - Z
As shown above, the declination is subtracted from or added to the site latitude. There may be a time when the site latitude has a smaller value than the declination, yielding a negative Z. For example:

A site at 15.4 oN on June 21 (declination 23.4 oN).

Z = 15.4 oN – 23.4 oN = -8o
Since Z can not be negative, make it a positive number. It is still the number of degrees between the location's latitude and the sun declination on a given day. In this case, noon sun angle is 90 - (8) = 82o
A) Answer the following questions.  The calculation using latitude and declination must be included for each answer.

A1: What is the sun angle at solar noon, on the equator, on the autumnal (fall) equinox?    

A2: What is the sun angle at Amherst (42 oN) at solar noon on that day?

A3: What is the sun angle at solar noon on the summer solstice at Amherst?
A4: What is the sun angle at solar noon on the winter solstice at Amherst?

B)  Use the sun angle animation tool to confirm your answers.  The tropic of cancer (sun's declination on the summer solstice) is at 23.4 oN. Dates and times of seasonal transitions, in the animation tool, are

Summer solstice:
12:02 PM on June 21

Autumnal equinox: 
11:52 AM on September 22

Winter solstice:
11:58 AM on December 21

Vernal equinox:
06:00 AM on March 20

B1: Set the time to noon and the latitude to that of the Arctic Circle, which is 66.6 oN. Set the animation to 'step by day' (lower right corner of webpage). Note the noon sun angle on the winter solstice and on the summer solstice. By how many degrees does noon sun angle range over the year? 

B2:  What is the sun angle at noon and at midnight at that latitude, on the summer solstice? Does the sun go below the horizon at any time during the night at that latitude? Write down the sun angle, for a few times before and after midnight, at a location further north. Do this using the latitude slider, or set a different value in the box for observers latitude. Then adjust time. Does the sun go below the horizon at any time there?  What does the Arctic Circle represent?

B3: Still using the 'step by day' setting (or by dragging the time slider forward in time), for Amherst note how much the noon time sun angle varies between the winter and summer solstices. Now repeat for a location in Florida (eg. latitude 30 oN) and a location in central Canada (eg latitude 58 oN). How does the variation through the year compare at each location?  What is the range in degrees between the tropics of Cancer and Capricorn (23.4 oN and 23.4 oS). The sun's declination migrates in the area between those latitudes in the time between the summer and winter solstices (graphics on next page). How does this declination range relate to the range in sun angle through the year for these three locations in the mid-latitudes?  
C1:  Note the solar azimuth values at Amherst on the summer solstice, at sunrise and sunset. Due east is an azimuth of 90o, south is 180o, west is 270o, north is 0o or 360o. Where is the sunrise?  That is, in which direction does it rise?  Where does it rise and set on the equinoxes?  On the winter solstice?
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 C2: Set the date and time to the autumnal equinox. Set latitude to the equator. How far below the horizon does the sun fall in the 30 minutes after sunset?  Now change the latitude to 70 oN. How far below the horizon does the sun fall, here, in the 30 minutes after sunset? At which location does evening “twilight” linger well after sunset? Which location sees darkness cover the area rapidly? Explain.
C3: The defendant in a law suit claims that the sun was in his eyes when an accident occurred at 5:27 am on July 15th. He was driving ENE (67.5o on a compass) up a slight incline at an angle of 6.8o relative to the horizon, near New York City, at a latitude of 40.8 oN. Was the defendant telling the truth?  What is your supporting, or counter, testimony? [image: image2.png]June 22
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