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INSOLATION AND THE SEASONS—LAB ACTIVITY
Insolation and the Seasons
(Activity #10)
Purpose
Determine the relationship between the angle of incoming light and the rate of change of temperature of the surface that absorbs the light.
Background
Energy from the Sun is by far the most important factor in our weather and climate. Solar radiation comprises more than 99.9 percent of the energy that warms the Earth, drives the winds, and stirs the ocean currents. The amount of energy the Earth receives is several hundred thousand times greater than the entire electrical-generating capacity of the United States. Surprisingly, the Earth receives only a tiny fraction of the total amount of energy given off by the Sun – less than one two- billionth of the total. The solar energy that Earth receives is called insolation (INcoming SOLar radiATION).
Rotation – Night and Day
The amount of energy that any part of the Earth receives changes during each day. The daily change is due to the Earth’s rotation – the spinning of the Earth on an imaginary line called the axis of rotation. One half of Earth is in sunshine while the other half is in darkness. The actual amount of sunlight reaching a specific location during 24 hours varies due to many factors, such as terrain and latitude. On the graphs below, the theoretical insolation and the actual insolation that was recorded with a PASPORT Temperature Sensor are shown for comparison.
[image: image9.png]INSULATIUN (WIER)

Auads

a0

800

7003
6003

500
40
£
200
100

o

8 81011121314 151617
TIME (24 HOUR)
INSOLATION

Diamond Bar Ca. Agril 11 1994



[image: image10.png]


[image: image21.png]



[image: image11.png]Oblique

-

(Arrive
parallel
at Earth)

Annually
25 times
more energy
than poles

REOUNCE ChriStophorson (2000) Geosyslems.




EXPLORATIONS IN EARTH & ENVIRONMENTAL SCIENCES
141
[image: image12.png]


[image: image13.png]


INSOLATION AND THE SEASONS—LAB ACTIVITY
Background,
continued


Latitude
The amount of insolation that a part of the Earth receives during the day also depends on the latitude of that part of the Earth. At a latitude near the Equator, the Sun’s rays travel through a shorter distance of the Earth’s atmosphere. At a latitude far from the Equator, the Sun’s rays travel through a longer distance of the Earth’s atmosphere. The greater the distance that light travels through the atmosphere, the more its energy is reduced by absorption and reflection by particles in the air.
[image: image14.png]


More significantly, when the Sun is directly overhead, the solar rays are most concentrated. If the sunlight reaches the surface at a lower angle than 90°, the solar radiation is more diffuse. At
45°, the amount of energy per unit area is only about
70% as much as the maximum (at 90°). At an angle of 30°, the insolation is only 50% as much as the maximum.
Distance
The amount of energy that the Earth as a whole receives on a daily basis changes slightly during the year because of the Earth’s slightly elliptical orbit. On average, the Earth is 150 million kilometers (or 93 million miles) from the Sun. When the Earth is at the point in its orbit when it is closest to the Sun – the perihelion – the Earth is 147 million kilometers from the Sun. When the Earth is at the point in its orbit when it is farthest from the Sun – the aphelion – the Earth is 152 million kilometers from the Sun. The perihelion occurs on about January 3 and the aphelion occurs on about July 4. Notice that the Earth is closest to the Sun during the Northern Hemisphere winter. Variations in insolation as a result of the elliptical orbit are relatively insignificant.
Angle of the Axis of Rotation
[image: image15.png]


The change in insolation that causes the month-to-month seasonal change in weather is due to the tilt of the axis of rotation relative to the path that the Earth takes around the Sun.
[image: image16.png]
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INSOLATION AND THE SEASONS—LAB ACTIVITY
Background,
continued
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The Earth’s axis is tilted
23.5 degrees relative to a line that is perpendicular to the path that the Earth takes around the Sun. At this time in Earth’s history, the north end of the axis of rotation (the true North Pole, or 90° latitude) points to a location near the star Polaris in the
constellation Ursa Minor, the Little Bear. Polaris is sometimes called the “north star” or the “pole star”. The south end of the axis
(the true South Pole, or -90° latitude) of rotation points to a location in the constellation Crux, the Cross.
As the Earth moves around the Sun during the year, different regions of the spherical Earth will be in line with the most direct rays of light from the Sun. For example, on the summer solstice, June 21, the Northern Hemisphere is “leaning” at 23.5° toward the Sun. The most direct rays of sunlight strike the Earth’s surface at
23.5° north latitude, the line encircling the globe that is called the Tropic of Cancer. On that day, the Northern Hemisphere experiences the most daylight hours during a 24-hour period and the season is summer.
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Six months later on the winter solstice, December 21, the Earth is on the other side of its orbit relative to the Sun. The Northern Hemisphere is leaning away from the Sun. The most direct rays of sunlight strike the Earth at
23.5° south latitude on the line called the Tropic of Capricorn. On that day, the Northern Hemisphere has the fewest
daylight hours during a 24-hour period and the season is winter. Midway between the two solstices are the equinoxes. On the autumnal equinox, September 22 or 23, the most direct rays of sunlight fall on the equator because the Earth is at a point in its orbit when the axis of rotation is not tilted toward or away from the Sun. On the vernal equinox, March 21 or 22, the Sun’s rays are again perpendicular to the surface at the equator. On those days, the Earth has equal hours of daylight and darkness.
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Background,
continued


Energy through the Atmosphere
The amount of insolation received by the Earth is enormous. The amount of energy received each second over each square meter of area that is at right angles to the Sun’s rays at the top of the atmosphere is
1400 joules. In power units, this is 1400 watts per square meter, or 1.4 kilowatts per square meter. Of course, the amount of energy that reaches the
surface depends on the scattering, absorption, and reflecting that occurs in the atmosphere. On average, about half of the energy that strikes the Earth’s atmosphere is scattered, absorbed, or reflected. The total amount of energy received at the Earth’s surface in a 24-hour period is about 84 terrawatts (84,000,000,000,000 watts).
In summary, the seasonal changes in the amount of insolation reaching the Earth’s surface are due to the tilt of the axis of rotation. Other differences in the amount of insolation are due to the interaction of the Earth’s atmosphere, the change in distance of the Earth from the Sun, the latitude of the location on Earth, and the daily rotation of our planet.
[image: image2.png]
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INSOLATION AND THE SEASONS—LAB ACTIVITY
Materials and Equipment Required


• Xplorer GLX
• drinking straw
• PASPORT Temperature Probe
• cardboard, 15 x 15 cm
• Small Tripod Base & Rod
• tape
• Three Finger Clamp
• fan (optional)
• Stopwatch
• black construction paper,
• protractor

15 x 15 cm
Safety Notes
Remember, follow the directions for using the equipment, and follow standard laboratory safety procedures.
Do not stare directly at the Sun.
Note: Shield the screen of the GLX from direct exposure to the Sun.
Pre-Lab
Question


What is the relationship between the rate of warming of a surface and the angle at which radiation such as sunlight strikes the surface?
Procedure
GLX Setup
1.   Plug the PASPORT Temperature Probe into the Xplorer GLX. Note: You can use the Quick Response Temperature Probe for this activity.
2.   Use the arrow keys (
[image: image3.png]


 ) to highlight the Flash folder, select the Flash folder (press  [image: image4.png]


 ), use the arrow keys to highlight the file, and then open (press F1) the GLX configuration file entitled
10 Insolation CF
3.   Open the Table display (press  [image: image5.png]


 , F2).
Note: The sensor has been configured to collect data once every 10 seconds.
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Procedure,
continued


Equipment Setup
1.   Use a piece of cardboard that is 15 x 15 cm. Glue a piece of black construction paper to the top of the cardboard.
2.   Tape a protractor to the center of one edge of the cardboard so the protractor is perpendicular to the cardboard.
3.   Use tape to attach the Temperature Probe so the tip of the probe is in the center of the piece of cardboard. Make sure that the tip of the probe is in the center of the piece of cardboard.
4.   Attach the Three Finger Clamp to the rod stand. You will use the clamp/stand to hold the cardboard at various angles to the Sun.
5.   If you are using a lamp instead of the Sun as the light source, place the lamp so it is about 30 cm away from where you will put the cardboard.
Record Data
The procedure is to set up the cardboard so the light from the light source (Sun or lamp) strikes the surface of the cardboard at a particular angle (90º, 60º, or 30º). You will use the straw and the protractor to arrange the cardboard at the correct angle. Then you will record temperature data for 5 minutes at each angle.
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INSOLATION AND THE SEASONS—LAB ACTIVITY
Procedure,
continued



Run #1: Ninety Degrees
1.   Hold the straw against the side of the protractor. Put the end of the straw next to the center line of the protractor. Keep a small gap between the end of the straw and the cardboard. Line up the straw with the 90° mark along the curved edge of the protractor. Use a piece of tape to hold the straw in place.
2.   Press the Start/Stop key ( [image: image6.png]


 ) to start data recording.


90°
3.   Quickly place the protractor/cardboard setup in the Three Finger Clamp on the rod stand and adjust the screws on the clamp to hold the cardboard firmly. Adjust the angle the cardboard is held in place and the positioning of the rod stand so that the cardboard is at about right angles to the sunlight.
4.   Adjust the position and angle of the cardboard until the straw makes no shadow and is directly in line with the sunlight.
Note: When the straw is directly in line with the sunlight, a spot of sunlight shows up on the cardboard below the end of the straw.
5.   Record the beginning temperature on your data sheet.
6.   After 5 minutes (300 seconds), press the Start/Stop key to stop data recording.
7.   Save your GLX file (press [image: image7.png]


 , select Data Files, press F2).
Result: Your GLX file will be saved in the RAM folder.
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Procedure,
continued


Note: Your teacher may ask you to rename your file so you can find it later. If so, use the following procedure:
1.  Select the Files menu (press F4) and select Rename.
2.  Key in the new name, and press the Save key (F2).
Run #2: Sixty Degrees
1.   Remove the cardboard setup from the clamp and place it in the shade to begin cooling the cardboard.
2.   Remove the tape from the straw. Reposition the straw so that the straw is lined up with the
60° mark on the protractor. Re-attach the
tape to hold the straw in place.
3.   Press the Start/Stop to monitor the temperature of the cardboard/sensor until the temperature is about equal to the starting temperature of the first run. If a battery powered fan is available, it can be used to hasten the cooling process. Press the Start/Stop key to stop recording data.
4.   Press the Start/Stop key to begin data recording.
5.   Quickly reattach the cardboard to the Three Finger Clamp. Readjust the angle and position of the stand so that the straw makes no shadow and a spot of sunlight shines through the straw.
6.   Record data for 5 minutes and then press the Start/Stop key to stop the data recording. Save your GLX file.
Run #3: Thirty Degrees
1.   Remove the cardboard from the clamp and move it to the shade.
2.   Adjust the straw to 30º.
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INSOLATION AND THE SEASONS—LAB ACTIVITY
Procedure,
continued



3.   Monitor the temperature until it is about equal to the initial starting temperature as detailed in Step 3 above.
4.   Press the Start/Stop key to begin data recording.


30°
5.   Quickly reattach the cardboard to the clamp and adjust the position so that the straw casts no shadow and thus is in line with the sunlight.
6.   Record data for 5 minutes, and then save your file.
2.   Delete all data runs except the 3 that you plan to use for analysis. Rename these runs to: Run #1, Run #2, and Run #3
(to correspond to the 90°, 60°, and 30° situation, respectively.) Note: You can rename your runs to reflect the sample type using the following process:
1.   Press the select key, use the arrow keys to navigate to the Run label, and select it.
2.  On the Run menu, use the down-arrow key to navigate to Rename Run, and select it. Key in the appropriate label, such as 90 degrees, and press the OK key (F1).
3.  To rename the next data run, select the Run label and select the next run you want to rename. Repeat the renaming process.
3.   Follow your teacher’s instructions regarding cleaning up your work space.
Analyze
1.   Make a sketch of each of your graphs of Temperature versus Time data for the three different angles (Run #1, Run #2, and Run #3). Label the x axis, the y axis, and the most significant features of each graph.
Hint: To display the graph of the next run, press the select key, use the arrow keys to navigate to the Run label, select it by pressing the select key, use the down-arrow key to navigate to the next run you want to display, and select it.
Result: The selected data run will be shown on the
Graph display.
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Procedure,
continued


2.   Examine your graphs of Temperature versus Time. Determine at which angle the rate of warming was fastest. Find the initial and final temperature for each run of data.
3.   Use the lowest initial temperature among the 3 runs as your initial temperature in your data table. Calculate the change in temperature. Put your results in the data table such as the one shown below.
Example Data
Table


Temperature Measurements at Different Angles of Sunlight
Angle
Initial
Temp.

Final
Temp.

Change in
Temp.
90°
60°
30°
Analysis/ Synthesis Questions


Analysis questions
1.   Which angle exposed the cardboard to the MOST solar radiation?
2.   What angle exposed the cardboard to the LEAST solar radiation?
Synthesis questions
1.   During which season of the year is the sunlight more direct for the Northern Hemisphere?
2.   What relationship is there between the angle of insolation and the temperature change?
3.   Do your results support your prediction?
4.   What other factors affect the weather for a particular location on Earth?
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Temperature Probe





Cardboard








