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UNIT 9: Energy in the Earth System

Heating and Cooling of Earth @

W it

Question: What causes the seasons?

In this Investigation, you will:

1. Learn how Earth’s orbit affects the seasonal variation of light intensity on Earth.
2. Learn how Earth’s axial tilt affects the seasonal variation of light intensity on Earth.

Why do the seasons occur? In the summertime, it is hotter, the days are longer, and sunlight is intense.
In wintertime, it is cold, the days are shorter, and the sunlight is less intense. What causes these
variations in the heating and cooling of Earth so that seasons occur?

Developing a hypothesis about the seasons

The graphic below shows you what Earth’s orbit around the sun looks like. The orbit is slightly
elliptical so that at certain times of the year, Earth is a little closer to or farther from the sun than at
other times. Also, Earth is tilted as it moves around the sun. Could distance or Earth’s tilt be the cause
of seasons?

To start the Investigation, come up with a hypothesis stating why you think the seasons occur. Do you
think they are caused by Earth’s distance from the sun? Do you think Earth’s tilt causes the seasons?
Do you think both of these factors play a role? Or do you think other factors cause the seasons?
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Why do seasons occur? What is your hypothesis?

At which point in Earth’s orbit is it summer in the northern hemisphere? Draw a diagram to answer this
question. Be sure to justify your answer.
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B Setting up your model of Earth’s orbit around the sun

In this Investigation, you will use an electric meter and solar cell to measure the intensity of light
emitted by a light bulb that will act as the sun. The solar cell will collect the light and transform it into
current that will be measured by an electric meter. Using this technique, the intensity of the light will
be measured in milliamps (mA).

A light source will be placed in the center of your classroom. You will use a globe to represent Earth.
You will first measure the intensity of light from the bulb at different distances from it. In the next part
of the Investigation, you will measure the intensity of light at different places on the globe. Relatively
low light-intensity readings will represent winter-like conditions, and relatively high light-intensity
readings will represent summer-like conditions. In performing these two kinds of measurements, you
will determine which factors cause the seasons.

1. To get started, your teacher will place in the center of your classroom a lamp with the light bulb
uncovered. This light will represent the sun. It is important that the light source emit light equally
in all directions like the sun does.

2. With your class, choose a wall in your
classroom that will represent the position
of the North Star (Polaris) in the night sky.
Tape a sign to this wall that says “North
Star.”

3. One student will move the globe, in a
circle, to each position (A-D) in a
counterclockwise direction around the
“sun.” This movement simulates one
revolution around the sun (or one year).

4. As the globe is moved from point to point,
the axial tilt at the north pole of the globe
is always pointing toward the North Star.

5. As Earth revolves around the sun, it also

spins on its axis. Note that the globe can
also be spun on its axis.

6. After the demonstration, obtain a globe
and use it to discuss the following
questions with your group.

a. Although the axis of Earth is always pointing in the same way, what is happening to Earth itself as it
revolves around the sun?

b. What does the side of the globe that faces the sun represent? What does the side of the globe that faces
away from the sun represent?

c. Identify the following parts of your globe: equator, northern hemisphere, southern hemisphere, and
latitude lines. At what latitude are you located right now?

d. In which position in the diagram is the northern hemisphere pointing towards the sun? In which
position is the southern hemisphere pointing towards the sun?
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B How does the distance of Earth from the sun affect its intensity?

In Part 1, you read that Earth’s distance from the sun varies slightly as it revolves around the sun. In
this part of the Investigation, you model the distance of Earth from the sun using a scale distance. You
will then measure the amount of current produced by a light source at each scale distance.

It is impossible to measure millions of kilometers in your classroom, but you can use a scale distance
of 1 centimeter to represent 1 million kilometers. Therefore, a distance of 150 million kilometers
would be represented by 150 centimeters. Using the scale distance of 1 centimeter equals
1 million kilometers, determine the scale distance for positions B, C, and D. Write the scale distance in
the third column of Table 1 below.

Measure distance from center of bulb Velcro® dot
to face of solar cell | Equator

""""" Level with light bulb ~~ —— '

Electric

1. Gather the following materials: Earth globe, solar cell, electric meter with leads, metric tape
measure. Your teacher will have a light source set up in the middle of the room. It will be at the
correct level as shown in the diagram above.

SAFETY NOTE: The light bulb will get very hot once it is turned on.

2. Attach the solar cell to the Velcro® dot found on the equator of the globe. Connect the leads from
the electric meter to the solar cell. Set the electric meter to measure current, in milliamps (mA).

3. Place the globe so the face of the solar cell is exactly 150 centimeters from the center of the light
bulb. You will need one student to hold the end of the tape measure at the center of the light bulb
and another to move the globe into the correct distance from the bulb.

4. Measure the current, in milliamps, at the equator and record your measurement in the fourth
column of Table 1.

5. Repeat steps 3 and 4 for the remaining scale distances. NOTE: Do not move the globe to simulate
Earth’s orbit for each position. Vary only the distance from the light bulb.

6. Based on your results, answer the questions below.

Position  Distance from the sun Scale distance from the sun Light intensity
(km) (cm) (mA)
A 150,000,000 150
B 147,000,000
C 149,000,000
D 153,000,000

a. Are there big or small differences in distance as Earth revolves around the sun?

b. Based on your data, how does light intensity change as these distances change?

c. Based on your results from this experiment, do you think Earth’s distance from the sun over a year
causes the seasons? Why or why not?
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n How does Earth’s tilt affect the sun’s intensity?

In this experiment you will simulate the effect that Earth’s axial tilt has on the intensity of the sun’s
light. This time, you will model Earth’s orbit around the sun, in addition to its distance at the four
positions shown below.

1. For the northern hemisphere measurement, you will place the solar cell at 45 degrees north latitude.
For the southern hemisphere, you will place the solar cell at 45 degrees south latitude. For the
equator, you will place the solar cell as you did in Part 3. Your globe has Velcro® dots attached at
each of these positions.

2. Measure each distance from the center of the light bulb to the surface of the solar cell, as you did in
Part 3.

3. Ateach position, make sure the north pole of the globe points toward the North Star. Measure light
intensity in milliamps. Record your data in the blanks of the graphic. At position D, you will need
to move the arm of the globe slightly to the left or right in order to place the solar cell correctly.

Light intensity
N. Hemisphere

Equator
S. Hemisphere

At this position, you will need
to adjust the arm

Light intensity . E 149 em, A Light intensity

N. Hemisphere mA -r--" N. Hemisphere mA
Equator —_ _mA Equator _  mA
S. Hemisphere mA S. Hemisphere mA

Light intensity
N. Hemisphere mA

S Equator - mA
S.Hemisphere ______ _mA
a. What role does axial tilt play in the intensity of light on Earth?

b. At which position (A, B, C, or D) and latitude (northern hemisphere, equator, and southern
hemisphere) does Earth receive the most light? The least light?

B Applying your knowledge

a. Of'the two factors—distance from the light source and axial tilt—which plays the most significant role
in causing the seasons? Was your hypothesis supported by your results?

b. Based on your results, which position (A-D) represents the first day of summer in the northern
hemisphere? Which position represents the first day of winter in the northern hemisphere?

c. Which quarter of Earth’s orbit represents summer in the northern hemisphere (from A to B, B to C, C
to D, or D to A)? Explain your answer based on your results from the Investigation.
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