Geography







Name: ________________
[image: image1.png]Focus.
of Ellipse

()

v
’

{
V/__‘p'




Sierra College








Carol J. Cox, Instructor

[image: image4.png]



Week 3 Exercise:

                 Earth and Sun Relationships, and the Geographic Grid
PURPOSE

Earth-sun relationships are important in understanding weather and climate. Variations in the amount of solar energy available at the earth's surface are a direct consequence of the earth's position in orbit around the sun. Variations in solar elevation as the earth orbits the sun, and the resulting differences in solar input based on the tilt of the earth’s axis, are responsible for the seasons. This exercise examines how the earth's motion causes the seasons.

Revolution

One of Kepler's Laws of Planetary Motion states that orbiting bodies have elliptical paths. Unlike circles, ellipses have two foci which are located at the two opposite ends of the elliptical path. In our solar system, the planets, including the earth, revolve in elliptical orbits around the sun (Figure 1.1).
1. Label in Figure 1.1 the points in orbit known as:

a. Aphelion

b. Perihelion

2. What time of year are these points achieved in earth's orbit and at what distance?

a. Aphelion:
b. Perihelion:
3. Based on what we know about Aphelion and Perihelion, and the time of year each of these occur, explain why Earth’s physical distance from the sun alone cannot cause the seasons:
________________________________________________________________________________________________________________________________________________________________________________________________________________________

Rotation

The earth rotates on its axis in a counterclockwise direction if viewed from space above the North Pole. The speed at which the earth spins may be described in terms of either angular velocity or linear velocity.

4. Angular velocity is measured in degrees of arc per unit time and is a constant for all points on the earth's surface. To determine this rate, complete the following:

a. Number of degrees in a circle (representing a spherical earth): _____________
b. Divided by the number of hours in one day: _______________
c. Equals angular velocity of _____ degrees per hour.
 Figure 1.1 Earth's orbital plane
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Figure 1.2 Illumination in orbit during the equinoxes (top) and solstices (bottom)
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5. Rotational speed, or linear velocity, varies with latitude—speed is greatest at the equator and slowest at the poles—and is calculated by dividing the length of a parallel of latitude by the number of hours in a day. Calculate the linear velocity for the following latitudes:
	Parallel of Latitude
	Circumference of parallel lines (mi.)
	Linear velocity

(mph)

	               0 (Equator)
	24,900
	

	15
	24,060
	

	30
	21,645
	

	45
	17,640
	

	60
	12,480
	

	75
	6,465
	

	           90 (poles)
	0
	


Does the speed of rotation have any bearing on seasonality? ​​​​______________________
What does account for seasonality? ​​​​______________________

Inclination and Parallelism

Imagine a line that extends from the North Pole to the South Pole through the center of the planet. This line represents the axis around which the earth rotates. This axis is 66.5° away from the plane of Earth's orbit, and is therefore tilted 23.5° away from the perpendicular to that plane (Figure 1.2). The earth’s axis remains constant, and is maintained in a parallel fashion everywhere in orbit around the sun. This is called parallelism.
The following problems pertain to Figures 1.1 and 1.2:
6. Label each of the following on figure 1.1:

a. Solstices and Equinoxes

b. North and South Poles

c. Equator
Label the following on figure 1.2:

d. Arctic and Antarctic Circles 
e. Tropics of Cancer and Capricorn

f. Circle of Illumination.

7. Explain why parallelism is necessary for seasons to occur.

________________________________________________________________________

________________________________________________________________________

8. Explain what occurs in each of the following locations relative to the sun angle, or circle of illumination, during the summer and winter solstices:

a. Arctic and Antarctic Circles:

____________________________________________________________________________________________________________________________________

__________________________________________________________________

 b. Tropics of Cancer and Capricorn:

______________________________________________________________________________________________________________________________________________________________________________________________________

9. How would your answer in Problem 8 change if the inclination of the rotational axis were at 30° away from the vertical instead of 23.5°?
________________________________________________________________________________________________________________________________________________________________________________________________________________________

10. Why is there always-equal day light and darkness at the equator?

_______________________________________________________________________________________________________________________________________________________________________________________________________________________
THE GEOGRAPHIC GRID

PURPOSE
The geographic grid is an artificial device that permits specific locations on the ground to be identified in terms of geographic coordinates—a grid system made up of latitude and longitude. Understanding latitude and longitude is important because they relate to sun angles and energy, and to the world system of Coordinated Universal Time, respectively. After completing this portion of the exercise, students should be able to distinguish between a great circle and a small circle; use latitude and longitude to identify specific places; calculate differences in solar time and distances between places; and determine directions using azimuths and bearings.
The Geographic Grid

Students in mathematics are familiar with graphing along an x-y grid on a Cartesian plane, and similar planar relationships can be expressed for the earth's surface. However, because the earth is an oblate spheroid, its grid is somewhat more complex than the coordinate geometry of a Cartesian plane. The geographic grid is based on angular measurement (degrees and minutes of arc) from the center of the earth. Latitude measures angular distance north and south of the equator, whereas longitude is the angular distance east or west of the prime meridian (or Greenwich, England). By convention, both are written using symbols for degrees (°), minutes ('), and seconds ("), with latitude given first and longitude second. Lines that represent measurements of latitude are called parallels, and lines that represent measurements of longitude are called meridians.

11. Using an atlas, globe, or wall map, give the location of the following to the nearest whole degree of latitude and longitude:

a. Addis Ababa, Ethiopia

b. Calgary, Alberta

c. Dublin, Ireland

d. Guadalajara, Mexico

e. Harare, Zimbabwe

f. Paris, France

g. Point Barrow, Alaska

h. Punta Arenas, Chile

i. Quito, Ecuador

j. South Pole

k. Tokyo, Japan

l. Washington, D.C.
12. Name the places located at the coordinates given below:

a. 23° S, 14° E

b. 40° N, 105° W

c. 64° N, 22° W

d. 1° N, 104° E
     Figure 1.3 Latitude and longitude.
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13. Antipodes are places diametrically opposite each other on the globe. For example, the North and South Poles are antipodes. Determine the antipode of each of the places identified in question 12.

a. ​​​​​​__________________
b.__________________
c.___________________
d.__________________
Circles Great and Small (Information Only)
The geographic grid employs two types of circles. Great circles are equal to the maximum circumference of the earth and split the earth into two equal halves. A plane inscribed by any great circle will pass through the center of the earth. The shortest distance between any two points on a sphere is along the arc of the great circle that connects those two points. All meridians (or lines of longitude), the equator, and the circle of illumination are great circles. Note that on a globe (or on Figure 1.3), two meridians—each representing different values—are required to form one great circle of longitude. Any circle of smaller dimension is a small circle. The plane of a small circle does not pass through the center of the earth. Thus, all parallels (or lines of latitude), other than the equator, are small circles.  The geographic grid uses both kinds of circles, resulting in a major departure from a true Cartesian grid: scale is constant in a north-south direction as lines of latitude are parallel to each other, but varies in an east-west direction as lines of longitude are angled so that they intersect at the poles. For example, rounded to the nearest mile:

1° of longitude along the equator

=69 miles

1° of longitude along the 30th parallel
=60 miles

1° of longitude along the 40th parallel
=53 miles

1° of longitude along the 50th parallel
=45 miles

1° of longitude along the 60th parallel
=35 miles

1° of longitude along the 90th parallel
=0 miles

1° of latitude along any meridian

=69 miles

