











Earth’s Seasons

26B Earth’s Seasons

What causes the seasons?

INVESTIGATION 26B: EARTH’S SEASONS .

Why do the seasons occur? In the summertime, it is hotter, Material
the days are longer, and the sunlight is more intense. In . Globe
wintertime, it is colder, the days are shorter, and the s
- - A - " olar
sunlight s less intense. What causes these variations in the v
heating and cooling of Earth? In other words, why do we i
have seasons? + Tape
*  Maskif

n What is the main cause of the annual cycle we call se:

The graphic at right shows you what Earth’s orbit
around the Sun looks like. The distance between
Earth and the Sun changes during the year.

Earth’s North—South axis is its axis of rotation. This
axis is always tilted in the same direction, at the
same angle, and always points to the North Star,
which is very far away. As a result, if you were
standing on Earth’s North Pole, the North Star
would always be directly overhead.

a.

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
changing distance from the Sun? Do you think
Earth’s tilt causes the seasons? Do you think
both factors play a role? Or do you think other
factors cause the seasons?

Which quarter of the diagram (A to B, Bto C, C to D, or D to A)
summer in the Northern Hemisphere? Why do you think this is

n Setting up a model of Earth’s orbit

In part 1, you read that Earths distance from the Sun varies slig
Now you will create a model that represents the changes in Earth-Sw

1. Itis impossible to measure millions of kilometers in your clas|
scaled distance in which 1 centimeter represents 1 million k
distance of 150 million kilometers is represented by 150 cent

2. Using the scale distance of 1 centimeter = 1 million kilomete
distance for positions B, C, and D. Write the scale distance i
Table 1.
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Table I: Scale distances

Investigation

ance from the Sun (km) Scale distance from the Sun (cm
A 150,000,000 150
B 147,000,000
c 149,000,000 Investigation Earth’s Seasons
D 153,000,000 . . " .
B Examining the intensity of the light that falls on the globe

3. Your teacher will set up a light source in the middle of the
room and choose a point high on one wall to represent the
north star. Once the Sun is in place DO NOT MOVE IT.

4. Gather these materials: Earth globe, solar cell, tape
measure, masking tape.
5. Your globe will represent one position in Earth’s orbit—A,

B, C, or D (diagram, right). Your group will carefully place
vour globe at one of the 4 positions; A, B, C, or D. To do
this, part of your team will have to move the globe and
part will have to operate the tape measure

6. Extend your tape measure out so you have about 5 cm more
need to measure. Lock the tape measure into place and whil
in your hand allow the tape to stick out directly at the globe]

7. Place the exact length of tape (scale distance from the Sun)
directly over the center of the unlit light bulb representing {
until the center of the globe touches the extended end of the
of your globe should be aligned with the center of the light b

8. All four globes should have their axes pointing in the same
diagram and the North Star sign your teacher puts up as yol

9. Once your globe is exactly the correct distance from the Sun
in the right direction tape the globe’s base to the table. The
withstand a bump or two without moving.

What do the four globes in the model represent? HINT: There a

Earths revolving around the Sun!

Why do the north-south axes of each globe have to point in the d

Now you are ready to look at variations in the light intensity that falls on|
greater the light intensity, the more electricity your solar cell produces. Me
cell output allows us to find differences in light intensity at different places o

Use the same solar cell and digital meter throughout the investigation. Your]
around the room from globe to globe, following Earth’s path around the Sun.

o

o
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Attach the leads of your digital meter to the solar cell. Set the digital
measure direct current in milliamps. You will take 2 measurements
The first measurement will measure how the distance between the §
affects light intensity. Measure the milliamps of current produced by
the middle of your globe. This way, no tilt is involved, and only distal
the current produced by the solar cell. Hold your solar cell flat again|
directly facing the Sun. Record your data in Table 2.

The second measurement will measure how Earth’s tilt affects light
the solar cell up to the Tropic of Cancer and measure the milliamps
Firmly hold the solar cell flat against the surface of the globe, and m|
while tilted, it is still facing in the direction of the Sun. Record your

Once you have taken both measurements, move to the next globe. 7a
and digital meter with you. Measure and record the current at the ce|
and at the Tropic of Cancer again in Table 2.

Repeat both measurements at the other two globes and record the d;

Earth’s Seasons Investigation

Table 2: Globe position data

Position Distance fromthe Scale distance  Current at middle of  Current at Tropic of

Sun from the Sun globe Cancer
(km) (cm) (mA) (mA)
A 150,000,000 150
B 147,000,000
[S 149,000,000
D 153,000,000

n Analyzing your data

a. Why was it important to measure the current produced at the middle of the globe and
also at the Tropic of Cancer?

F

The largest change we see in distance from Earth to the Sun is from 147,000,000

kilometers to 153,000,000 kilometers. While 6,000,000 kilometers is not a short distance,

find the percent change in distance using the following formula:

final value — initial value
initial value

Percent Change = 100

Does this percent change seem large or small to you?
c. Based on your data, how much does light intensity change as these distances change?

d. How much did the angle of the solar cell change at the four different positions you
measured on the Tropic of Cancer? Did the difference in angle seem large or small to you?

e. According to your results, how much does light intensity change as the angle changes?

a Conclusions

a.  Of the two factors—distance from the light source and axial tilt—which has a greater

effect on light intensity?

b. Based on your light intensity results, which of the two factors plays the most significant
role in causing the seasons? Was your hypothesis supported by your results?

<. 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? Explain your answer.

d. At which position (A, B, C, or D) does the Northern Hemisphere receive the most intense
light? The least intense light?

e. Which quarter of Earth’s orbit represents summer in the Northern Hemisphere (from
AtoB, BtoC,CtoD,orD toA)? Explain your answer based on the data you collected.

f. Which quarter represents summer in the Southern Hemisphere? Explain your reasoning.
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. CHAPTER 26: THE SOLAR SYSTEM

Teaching Investigation 26B
Pre-Lab Activity (from Setup Step #3)

Give each group its own solar cell and multimeter. Allow students some time to discover how
the current reading changes when they move close to or farther away from a light source. They
also need to see the shadow effect: If a group member’s head is shadowing the solar cell when
readings are taken, the data will be off. Even the leads that go from the solar cell to the meter
can cast shadows. Have each group answer the following questions:

»  What happens to the current reading on the multimeter when you get close to a

light source? What happens when you move away?

*  Where in the room can you get the highest reading? Classroom Setup
»  What happens if you cover the solar cell with your hand? You should have a light source with a Teac_‘h/'ng
Discuss these questions as a class before moving on to the investigation. 100-watt light bulb. The source 712
should not have a lamp shade or cover
n What is the main cause of the annual cycle we call seasons? over the light bulb. The light source
. . . ) should be placed on a table at the
Almost everyone has a favorite season. Some people enjoy the beautiful flowers and the mild :
. ) . L - center of the classroom. Place the light source on books
temperatures of spring, while others look forward to snow and winter activities such as skiing. In : : : :
. . ) if necessary so that the light bulb is level with the
today’s investigation, you will learn about the causes of seasons. Take a moment to look at the
. . : . ) equator on the globe. Four tables should be placed
graphic shown in Part 1. It shows what Earth’s orbit around the Sun looks like. From the graphic, : : :
: . . around the light source as shown in the diagram below.
you can see that the distance between Earth and the Sun varies during the year.
Allow time for students to identify these differences. Classroom Set Up (from above)

Earth’s axis of rotation is its north—south axis. What is an axis, and what do we mean by axis of

rotation?
Review the meanings of these terms as introduced in Lesson 26.2.

Earth’s axis of rotation is always tilted in the same direction, at the same angle, and always points

o

o

o

to the North Star, which is quite a distance away. As a result, if you were standing on Earth’s 3
North Pole, the North Star would always be directly overhead. 147 om- %_1 50 om _>®

1

5

(e}

3

|

Use the illustration to demonstrate this to students.

Why do you think seasons occur? Discuss your thoughts with members of your group and then Light source
come up with a hypothesis that reflects what you believe.
Students develop their hypotheses. The questions listed in Part 1a are designed to determine
what preconceptions (or misconceptions) students may have about the factors that determine ‘
Earth’s seasons. At this time, it is not important to answer the question correctly. The goal is to
find out what students already know and determine if they truly understand the related
concepts discussed in Lesson 26.2. The tilt of Earth’s axis is the most significant cause of sea-
sons, but it is fine to accept all responses at this point. Students will be able to revisit this ques-
tion at the close of the investigation.

&S

Turn off the overhead lights before taking
measurements.
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Look at the diagram. Which quarter of the diagram represents summer in the northern hemisphere?
Students use the diagram to arrive at an answer. The correct response is from D to A because
at position D, Earth is tilted toward the Sun. Students may choose other answers for numer-
ous reasons. Wait until the end of the investigation to clarify misconceptions because it is
highly probable that students will be able to infer the correct responses based on their own
observations.

B Setting up a model of Earth’s orbit

In Part 1, you read that Earth’s distance from the Sun varies slightly as it orbits the Sun. Now you
will create a model that represents the changes in Earth—Sun distance. It is impossible to measure
millions of kilometers in your classroom, but you can use a scaled distance in which 1 cm repre-
sents 1 million km. Therefore, a distance of 150 million km is represented by 150 cm. Using the
scale distance of 1 cm = 1 million km, determine the scale distance for positions B, C, and D.
Write the scale distance in the third column of Table 1.

Write the scale relationship on the board. Have a few volunteers model the calculation. Verify

that students have correct answers before moving on.

Recall that Earth’s north—south axis is its axis of rotation and that it always points toward the

North Star. For this reason, we need to choose a place to represent the North Star. We also have to

choose a place for the Sun. This position will be fixed, so no one should move it once it is set.
Designate the location of the North Star and the Sun. Point it out to students and remind them
that it is not to be moved. Instruct students to gather the materials needed for this part: a globe,
solar cell, tape measure, and masking tape.The light source used to represent the Sun needs to
be at least 100 watts. It is also important that the room is fairly dark so that ambient light from
the Sun does not affect the solar-cell readings. Cover any windows before students begin to
collect data. If you are using white tables or tables with a glossy finish, you may find that light
reflected from the tables is absorbed by the solar cells, causing errors in the data. To solve this
problem, cover the tables with black construction paper before taping down the globes.

Your globe will represent one position in Earth’s orbit—A, B, C, or D. Your group will carefully
place the globe at one of the 4 positions. To do this, part of your team will have to move the globe
and part will have to operate the tape measure. Extend your tape measure out so you have about 5
cm more tape than the length you need to measure. Lock the tape measure into place and while
holding the locking end in your hand, allow the tape to stick out directly at the globe.
Point out the different positions. It may be helpful to label the stations A, B, C, and D,
ensuring that the labels match the investigation diagram.

Place the exact length of tape (scale distance from the Sun) you are measuring directly over the
center of the unlit light bulb representing the Sun. Move your globe until the center of the globe
touches the extended end of the tape measure. The center of your globe should be aligned with the
center of the light bulb. All four globes should have their axes pointing in the same direction. Use
the diagram and the North Star sign as your guide. Once your globe is the correct distance from

INVESTIGATION 26B: EARTH’S SEASONS .

Table 1: Scale distances

Distance from Scale distance from
the Sun the Sun
(km) (cm)

Position
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. CHAPTER 26: THE SOLAR SYSTEM

the Sun and has its axis pointing in the right direction, tape the globe’s base to the table. The globe
should be able to withstand a bump or two without moving.
[f time is limited, measure the distances and tape down the globes ahead of time. Have each
group re-check one station.

Look at your setup. What do the four globes in your model represent?
The globes represent Earth’s position at different times of the year as it orbits around the Sun.

In what direction do the north—south axes of each globe point? Why is this so?
The axes point toward the North Star due to the fixed position of Earth’s axial tilt throughout
its orbit.

B Examining the intensity of the light that falls on the globe

Now you are ready to look at variations in the light intensity that falls on each globe. The greater
the light intensity, the more electricity your solar cell produces. Measuring the solar-cell output
allows us to find differences in light intensity at different places on the globes. Use the same solar
cell and multimeter throughout the investigation. Your group will move around the room from
globe to globe, following Earth’s path around the Sun.
Students set up the solar cell by attaching the leads. The meter should be set to measure
current.

You will take two measurements at each position. The first measurement will determine how the
distance between the Sun and Earth affects light intensity. The second measurement will measure
how Earth’s tilt affects light intensity. For the first measurement, you will measure the milliamps
of current produced by the solar cell at the middle of your globe. This is important because you
are trying to determine the effect of distance only on the current produced.

Refer students to the graphic for the setup.

For the second measurement, you want to find out the effect of Earth’s tilt only. Therefore, you
will move the solar cell up to the Tropic of Cancer to obtain your measurement. You will repeat
this process at each globe and then record your data in Table 2. Transfer the scale distance from
the Sun measurements from Table 1 to the third column of Table 2.
There are small differences in the efficiency of the solar cells. Therefore, you will achieve
more consistent and meaningful results if each group uses its own solar cell and multimeter
throughout the data-gathering process.

n Analyzing your data

Think about what you did in the last part of the investigation. You measured the current produced
at the middle of the globe and then at the Tropic of Cancer. Why was this important?
This is important because you are able to determine the effect of specific variables in each
instance.
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Table 2: Globe position data

Distance Scale Current at Current at

from the distance middle of Tropic of
Sun from the Sun globe Cancer
(km) (cm) (mA) (mA)

Position




That is correct. You can only decide which factor—distance or axial tilt—has the most significant
effect by isolating it. The largest change we see in distance from Earth to the Sun is from
147 million km to 153 million km, a difference of about 6 million km. What is the percent change
in distance?

Students apply the formula to determine the percentage of change.

Do you think this percentage of change is large or small?
Students share opinions. They should conclude that the change is relatively small.

Now think about the difference in the angle of the solar cells at the four positions. Was this
difference large or small?
The difference should be noticeably large based on students’ collected data.

How did the changes in light intensity with respect to distance compare to the changes you
observed due to changes in the angle?
The changes in light intensity were more significant with respect to angle changes.

B Conclusions

In this investigation, you sought to determine the cause of Earth’s seasons. You considered two
factors: the distance from Earth to the Sun and Earth’s axial tilt. You collected data in the form of
light intensity measurements to help you arrive at an answer. What can you conclude about the
cause of Earth’s seasons based on your observations?

Earth’s seasons are caused by its axial tilt.
Think about your original hypothesis when the question was first posed. Was your hypothesis
correct?

Students share answers.

Go back to the diagram in Part 1. Which position (A—D) represents the first day of summer in the
northern hemisphere? How about the first day of winter? What is the basis of your answer?
The first day of summer is at point D because Earth’s northern hemisphere is angled directly
toward the Sun. The reverse is true at point B, the first day of winter, because Earth is angled
away from the Sun. Use the diagram to illustrate this point. Use the diagram to guide students
as they answer the remaining questions in Part 5. Be sure students make the connection
between the intensity of light and the way that Earth is tilted to determine seasons.

INVESTIGATION 26B: EARTH’S SEASONS .

653



. CHAPTER 26: THE SOLAR SYSTEM

Lesson 26.3: Objects in the Solar System

In this lesson, students will learn about the components of the solar system, including
smaller objects such as asteroids, meteors, and comets. They will also study the properties
that are unique to each planet, including temperature, appearance, and atmosphere.

Start the [esson

Connect to Prior Knowledge: Moon Facts

The Moon has been discussed in previous lessons. Use the questions listed below to review what
students have already learned and find out what they know about characteristics of the Moon that
will be discussed in this lesson.

1. What percentage of the Moon is visible from Earth?
2. How would you describe the lunar cycle?

3. Does the Moon produce its own light? What is the significance of the phrases near side and
far side when speaking about the visibility of the Moon?

4.  How does an object’s mass on Earth compare to its mass on the Moon? What is the
relationship between the weight of an object on Earth and on the Moon? What factor is
responsible for this difference?

Motivate: Solar System Newscast

Have students work in small groups to produce a three- to five-minute newscast about one of the
planets, the Moon, the Sun, or another object in the solar system. A sample 30-point rubric for
assessing the newscast is provided on the next page. Students will need audio visual equipment to
complete the newscast project. Some students may have access to equipment at home. Speak with
your school’s technology person to arrange a check out system for students who do not have
access to equipment at home.

Involve students in assessing their classmates’ broadcasts. One way to do so is to have 50 percent
of the total grade reflect your scoring from the rubric. The other half of the grade would come
from peer evaluation. In this manner, the newscast would be worth 60 points. Take the average of
the peer evaluation scores and add it to your score to arrive at the total points earned. After all
newscasts have been presented, encourage students to share the following with classmates:

* Two new facts they learned about the planets or other objects in the solar system;
» Two questions they still have;

*  One opportunity for improving any group’s presentation; and

* One thing they really liked about each group’s newscast
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vo-cab-u-lar-y

planet - a celestial body that (1) is in orbit around the Sun;
(2) is nearly round in shape; and (3) has cleared its orbit of
other objects.

terrestrial planets - Mercury, Venus, Earth, and Mars.
gas planets - Jupiter, Saturn, Uranus, and Neptune.

Moon - a natural satellite orbiting a planet or other body,
such as a dwarf planet.

giant impact theory - a scientific theory that explains how
the Moon was formed.

asteroid - an object that orbits the Sun but is too small to be
considered a planet.

comet - an object in space made mostly of ice and dust.

meteor - a chunk of burning rock traveling through Earth’s
atmosphere.

meteorite - a meteor that passes through Earth’s
atmosphere and strikes the ground.




LESSON 26.3: OBJECTS IN THE SOLAR SYSTEM

Solar System Newscast Rubric

Category 5 4 3 2
Evidence of research is clear. Fouror ~ Evidence of research is clear. Three It appears that some research was There is little evidence of research.
Research more examples of new facts learned ~ examples of new facts learned from conducted. Two examples of new One or two examples of new facts
from the research are discussed. the research are discussed. facts learned are discussed. learned are discussed.
. Most of the content reported is Less than half of the content reported No accurate facts were reported in
Accuracy All content reported is accurate. .
accurate. is accurate. the newscast.
. L . .. . hi bit uncl t . .
. Graphics are clearly visible, labeled, Graphics are visible, with some Graphics are a bit unclear, no No graphics were used in the
Graphics . labeled, but appear somewhat
and completely relevant. labeling, and are mostly relevant. newscast.
relevant.
Group Work Each group member assisted. Most members assisted. Almost Only a few members assisted. The It appears that one person did all the
P Everyone worked well together. everyone worked well together. group did not work well together. work. The group functioned poorly.
The ose of the newscast is clear. The ose of the newscast is The ose of the newscast is quite . .
. purb W purb W purp WS qu No purpose is established and the
Presentation All parts of the newscast flow well somewhat clear. Most parts of the unclear. Many parts deviated from a .
newscast is disconnected.
and are connected. newscast are connected. central theme.
. The newscast was within 3—
Time

5 minutes and was well paced.

Present the content

The newscast was within 3—

5 minutes but seemed slow or rushed.

The newscast was less than
30 seconds over or under the
allotted time.

Develop an outline of main ideas and concepts for the lesson. Photocopy and distribute them to
students to use as a reference as you lead the discussion. Be sure to leave space for students to add
their own notes, mark passages that are unclear, and write questions they want to ask.

Check Lor vnderstqnding

Exit Slip

Yt

1.

2.

Reteach

Name one terrestrial planet and one gas planet.

Name and describe one object in the solar system other than a planet,
the Sun, or the Moon.

The newscast was far too long or was

extremely short.

Review how the Moon was formed and discuss its properties. Have students refer to Figure 26.23
as you lead this discussion. Review the features of the planets and other solar system objects.
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