


e Emphasize the need for extra care when
handling hot objects or liquids. Allow adequate
cooling times. Warn students not to cool glass
items with cold water. Remind students to use
clamps when handling hot glass beakers.

e Make sure electrical cords are not draped
across traffic areas or sinks.

e Show students how to immediately treat mild
burns with cold water or ice. Refer injuries to
the responsible authority in your school.

e Remind students to wash their hands before
leaving the laboratory.

e Advise students that laboratory behavior that
is disruptive or dangerous or that interferes with
another student’s right to learn may result in the
disruptive student being removed from the lab
(see the safety contract that follows).

Chemical Used in Earth in Space
The following chemical is used in this module:

e (Calcium Sulfate, Hemihydrate Powder
(Plaster of Paris)

This agent is regularly used in middle school
science classrooms across the United States and
is safe when appropriately handled. This chemi-
cal is accompanied by a Material Safety Data
Sheet, which needs to be read thoroughly
before the chemical is used in class.

CLASSROOM SAFETY FOR EARTH IN SPACE

Special Material

Your class will use Starry Night Enthusiast™
CD-ROM developed by Simulation Curriculum
Corp. beginning with Lesson 3 and throughout
the rest of the unit. You must complete the
software license voucher included with the
Starry Night Enthusiast™ CD-ROM found in
the Earth in Space unit shipped by Carolina
Biological Supply Company. You may fax or
mail the completed software license voucher to:

Simulation Curriculum Corp.
5666 Lincoln Drive, Suite 260
Edina, MN 55436

Fax 952-935-4050 (no cover sheet
is needed)

Upon receipt of your completed software
license voucher, Simulation Curriculum Corp.
will send the software license to you by postal
service. Please allow ten (10) days for delivery
of your official Starry Night Enthusiast™
license. You may want to alert your school’s
front office that you are expecting a software
license in the mail.
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ADDITIONAL RESOURCES FOR EARTH IN SPACE

Additional Resources for
Earth in Space

During their studies of Earth in Space, students
will require resources in addition to those pro-
vided in the Student Guide and in the master
Materials List. For example, many of the exten-
sions, as well as the Anchor Activity, require
students to consult books or online resources.
The way in which these additional resources
are made available depends on the resources
available in the individual school and in local
libraries.

The teacher may decide to establish a learn-
ing center in the classroom. If possible, this
should include at least one computer with CD-
ROM reference software and Internet access.
It should include a variety of books related to
space science, a dictionary, an encyclopedia,
and related videos. Articles from magazines
and newspapers can be photocopied and orga-
nized for easy reference. Students may wish to
contribute their own materials to the learning
center. Depending on individual circumstances,
the teacher may find it more useful to set up
the resources in another location, such as the
school library or computer room.

Local libraries can be important resources
for students. Most libraries now have Internet
access, which makes it possible for students
who do not have computers at home to access
online resources. The National Science
Resources Center has established a Web site
with relevant links to all STC/MS modules
(www.stems.si.edu). A bibliography of print and
other resources for both teachers and students
starts on page 381 of this Teacher’s Guide.
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Starry Night Enthusiast Software

The Earth in Space unit requires the use

of Starry Night Enthusiast CD-ROM, developed
by Simulation Curriculum Corp. Your class

will use the software beginning with Lesson 3
and throughout the rest of the unit. After
receiving your Earth in Space unit, locate the
Starry Night Enthusiast™ CD among the
materials. A software license voucher is
packaged with the CD which must be completed
and returned to Simulation Curriculum Corp.
by fax or mail. You may fax or mail the
completed software license voucher to:

Simulation Curriculum Corp.
5666 Lincoln Drive, Suite 260
Edina, MN 55436

Fax 952-935-4050 (no cover sheet
is needed)

Upon receipt of your completed software
license voucher, Simulation Curriculum Corp.
will ship the software license to you by postal
service. Allow ten (10) days for delivery. You
may want to alert your school’s front office that
you are expecting a software license in the mail.
Please note that the purchase of Starry Night
Enthusiast CD was included in the price of the
Earth in Space unit.



MATERIALS LIST

Item Description Item Description Item Total Lesson Number
in Teacher’s Guide on Packing List Type Quantity Used (Quantity Used)
Blue balloon Balloon, round, blue, 11in. R 1 16 (1)
Bookend Bookend, small, non-slip B 16 3(2),5(2),6(2),7(16),
base 9 (16)
Bottle of red food coloring Food coloring, red, 1oz R 1 13 (1)
Box of patching plaster Plaster of Paris, 2.51b R 2 18 (2)
Bucket Pail, plastic, 1gal. B 2 13 (2), 18 (1)
CD ROM, Explore the CD ROM: Explore the B 1 10 (1), 13 (1), 15 (1), 17 (1)
Planets Planets, site license
CD ROM, Starry Night Voucher, CD ROM, Starry B 1 3(1),4(1),50),7 (1),
Enthusiast*® Night Enthusiast, 5-seat 8 (1),15 (1)
license
Clamp lamp (with reflector) | Lamp, w/reflector, clamp B 8 3(1),5(1),6(1),7(8),
9(8)
Cocoa Powder, cocoa, 80z R 16 oz 12 (10 oz), 13 (6 0z)
Cup with hole, 270 mL Cup, plastic, w/hole, B 2 13 (2)
270mL (90z)
Cup, 296 mL Cup, plastic, w/lid, R 87 9 (3), 12 (16), 13 (12),
296mL (100z) 18 (56)
D-cell battery Battery, size-D R 16 2 (16), 6 (2), 8 (16),
12 (16), 13 (16)
Digital thermometer Thermometer, digital B 8 9(8)
Dropper bottle Bottle, dropper B 16 18 (16)
Duct tape Duct tape, all-purpose, B 1 14 (1)
2in.x55yd
DVD, Newton’s Apple: DVD, “Dinosaur B 1 18 (1)
Dinosaur Extinction Extinction”
Earth in Space Photo Card | Photo Card Set, Earth in B 1 1(1)
Set (set of 10) Space
Excavating stick Stick, excavating, 10cm B 16 18 (16)
Fishing bobber Bobber, fishing, 1%in. B 24 11 (24)
Flashlight Flashlight, standard B 8 2(8),6(1),8(8),12(8),
13 (8)
Flexible drinking straw Straw, flexible R 8 13 (8)
Flour Flour, all-purpose, Slb R 48 1b 12 (~43 1b), 13 (S 1b)
Foam sleeve Foam sleeve, 3x5x3in. B 8 3(8),4(8),5(8),6(8),
16 (8), Appendix D (8)
Fossil Collection box 12 fossil collection B 3 18 (3)
Fossil-bearing mound Fossil-bearing mound 16 18 (10)
Fossiliferous limestone Limestone, fossil B 8 18 (8)
sample
Globe of Earth, 12 cm Globe, world, 12cm (Sin.) B 8 2(8),3(8),4(8),5(8),6

(8), 16 (8)

*A software license voucher is packaged with the Starry Night Enthusiast CD which must be completed and returned to Simulation Curriculum Corp.
by fax or mail. See instructions on TG pages xxxv, xxxviii, or 10. Allow ten (10) days for delivery of the software license after the voucher is received by

Simulation Curriculum Corp.
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LESSON1 THINKING ABOUT EARTH AS A PLANET

EXTENSIONS

Information Technology

1. Have students visit an astronomy Web
site and look up “Earth.” What informa-
tion did they find about Earth that they
did not know before? Which information
about Earth relates to Earth as a planet
within the solar system? Which informa-
tion is independent of Earth as a planet?
See the National Science Resources
Center’s Web site (http:/www.stcms.si.edu)
for specific links.

Language Arts History
2. Ask students to research the history of
astrology. Did astrology grow out of
mythology? If so, how?

History Technological Design
3. Students can research ancient structures
designed and built to observe the sky.
Stonehenge is one example. Challenge
students to design a model, or miniature
version, of the structure.

Art

4. The discovery of planets occurred when
ancient people realized that some points
of light moved among the patterns of
“fixed” stars. By poking holes through
black construction paper, students can
create model constellations—“pictures”
formed by the positions of these stars.

Science

5. Skywatching is an enjoyable hobby. Field
guides and sky charts can help students
identify and locate the stars, constella-
tions, and planets in the night sky.
Astronomy and science magazines can
help keep students in touch with events
in the sky and with recent discoveries of
astronomy and the space program.
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ASSESSMENT
Students’ individual notebook responses, as well
as their group reports concerning each question,
will reveal their preconceived ideas about Earth
as a planet. The information you gather about
students’ knowledge of the solar system serves as
the first part of the pre- and post-module assess-
ments, which are an integral part of teaching the
module. The overall assessment for Part 1: Sun-
Earth-Moon System is in Lesson 9. The matching
post-module assessment is in Lesson 22. As the
module progresses, pay particular attention to
how students’ knowledge of Earth as a planet,
and of the solar system as a whole, progresses
from ideas about each independent planet to
ideas about relationships among planets. Assess
students’ ability to think of the planets as a
system in which Earth is one part. Look for evi-
dence of growing understanding that Earth is a
planet and that some of the processes that exist
on Earth exist on other planets as well.
Throughout the module, students will learn
skills that are basic to the practice of science:
hypothesizing, observing, recording, comparing,
designing, analyzing, concluding, and working
cooperatively. You can assess students’ progress
in these areas by observing and talking with
them as they work, and by reviewing individual
student products. Both individual and group
assessments are important. “Teaching Strategies”
in the front matter of this guide presents a
detailed discussion of assessing student learning.

PREPARATION FOR LESSON 3

In Lesson 3 and later lessons, you will need to
use the CD-ROM Starry Night Enthusiast™
developed by Simulation Curriculum Corp.

If you have not yet done so, you will need to
complete the software license voucher packaged
with the Starry Night Enthusiast software
immediately, and return it by fax or mail to
Simulation Curriculum Corp. Allow ten (10)
days for delivery of the official software license
after the voucher has been received by
Simulation Curriculum Corp.



LESSON 2 INTRODUCING THE SUN-EARTH-MOON SYSTEM

2. If possible, take your students outside or
into a long hallway to demonstrate how
far away the Sun would be if scaled to a
model Earth 1 cm in diameter. (The Sun
is 150,000,000 km away from Earth. That
means that if the Earth were 1 cm in
diameter, the Sun would be 118 m away,
which is farther than the length of a foot-
ball field [150,000,000 km /12,756 km =
11,759/ 100 cm/m = 118 m]).

3 Have students return to their notebook
L] . .
entries with the four quadrants and make
changes or additions to reflect their new
thinking. Allow them time to do that
during class.

HOMEWORK

Have students begin a one- to two-week sky-
observation project during which they will
record patterns in moonrise and moonset
times and observe the Moon’s general appear-
ance over time. Let students know that these
data are available online, on the CD-ROM
Starry Night Enthusiast™ (the software
license voucher form is included in the unit’s
materials), or in local newspapers. Links to
online data are included on the NSRC Web site
at http://www.stems.si.edu. Ask students to
write a paragraph describing the general pat-
terns they observe (this paragraph will be due
at the beginning of Lesson 53).
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EXTENSIONS

Information Technology
Language Arts

1. Have students write their own myths to
explain how the Sun and Moon came to be

History

in the sky. Perhaps they can research stu-
dent-authored myths online or post their
own myths on a school-based Web site.

Art
2 Post on your bulletin board the 1-m cloth
" Sun and a blue marble to demonstrate the
size comparisons of the Sun and Earth.

Mathematics

3. The angular diameter of an object is an
indirect measurement. It is the measure
of an object’s diameter in degrees of an
arc rather than in linear units of measure.
Ask students to calculate the diameter of
the Moon. Using scissors, have students
cut a 1-cm x 1-cm notch and a rectangu-
lar hole (big enough to insert a metric
ruler) in an index card, as shown in
Figure 2.2. Students should measure the
size of the moon by sliding the index card
along the ruler until the Moon just fits
into the notch. Students then read the
distance to the index card and add 1 cm
(to account for the distance to one’s eye).
Have students use the following formula
and several trials of data averaged to cal-
culate the diameter of the Moon. (Give
them the distance from Earth to the
Moon, 38,440,100,000 cm.) If the Moon is
not visible, students can try this experi-
ment with a paper plate 4 m away, held at
eye level.

Diameter of the Moon _ Distance to the Moon
Diameter of the notch Distance to the card




LESSON 2 INTRODUCING THE SUN-EARTH-MOON SYSTEM

ASSESSMENT

Students and adults alike often use the words
“rotation” and “revolution” interchangeably,
when in fact these terms have completely dif-
ferent meanings. Use students’ responses to the
“Reflecting on What You’ve Done” questions of
Inquiry 2.1 as a way to preassess their under-
standing of these two terms. During Lessons 3
and 4, students formally define these words
using their own experiences in the lab.
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PREPARATION FOR LESSON 3

During Inquiry 3.1, students track shadows.
Therefore, check the weather and plan accord-
ingly. If it is sunny but the outside temperatures
are too high or low for students to go outside
comfortably, plan to conduct Inquiry 3.1 inside,
near windows (although this will only give you
results for part of the day). If the weather is
inclement, either plan to postpone Inquiry 3.1
or conduct only Inquiries 3.2-3.4, which are
completed in the classroom.

If possible, reserve the computer lab for
Inquiry 3.2. Arrange with the computer techni-
cian to have the Starry Night Enthusiast™
software installed on the lab computers. The
software license from Simulation Curriculum
Corp. is a five-seat license. Arrange computer
use so that each student group has access to a
licensed station. If you do not have access to a
computer lab, prepare to complete the inquiry
using a single classroom computer and a projec-
tion screen.



LESSON 3 TRACKING SHADOWS

The Apparent Motion of the Sun

Across the Sky

The Sun appears to move across the sky as a
result of Earth’s west to east spin—or rotation
—on its own axis (an imaginary line that
extends from the North Pole to the South
Pole). The apparent motion of the Sun in the
Northern Hemisphere as it rises in the east and
sets in the west is due to Earth’s counterclock-
wise rotation on its axis (from the perspective
above the North Pole). This counterclockwise
rotation makes the Sun appear to move across
the sky in a clockwise fashion (east to west).
Night results as Earth rotates away from the
Sun, and daylight “breaks” again as Earth com-
pletes its rotation.

Using a Shadow Stick

In this lesson, students use a vertical rod as a
gnomon (shadow stick) to cast a shadow on a
piece of paper. Students then trace the shadow
at different times of day to record the changes in
shadow length and position. When the shadow is
shortest, the Sun is at its highest point in the
sky. This point is called solar noon. Placing the
stick in the middle of the “southern” edge of the
paper allows for a range of morning and after-
noon shadows to be recorded on the paper
because of the Sun’s southern arc in the
Northern Hemisphere.

The length and angle of the shadow cast by
the gnomon will vary, depending on your geo-
graphic location, the time of year, and the time
of day of each class. Your students may have to
experiment to find a workable gnomon height
in order to find the true North at solar noon.
The module comes with different rods, each
coded by number on the basis of its length. It
is important that all classes use the same rod,
since each subsequent class will be adding to
the shadow data throughout the day.

While recording shadow data, students may
observe the following:

o If it is before solar noon, the Sun will rise
higher in the sky as the day progresses

toward solar noon, and the shadow will get
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shorter. Conversely, if it is after solar noon,
the Sun will sink lower in the sky as the day
progresses, and the shadow will get longer.

e As the Sun appears to move across the sky,
the shadow will point in a direction opposite
that of the Sun.

e The shadow will point in one direction in
the morning (west) as the Sun rises, and will
point in the opposite direction in the afternoon
(east) as the Sun sets.

¢ The pattern of shadows indicates an arc in the
winter, since the Sun’s apparent motion across
the sky is in a low southerly arc in the Northern
Hemisphere (see the sheet “Modeling Shadows:
Winter” used in Inquiry 3.3 for an example).

® The pattern of shadows indicates an almost
straight line in the summer in the middle
latitudes (30-60°) because the Sun’s apparent
motion is higher in the sky (see the sheet
“Modeling Shadows: Summer” used in
Inquiry 3.3 for an example).

Virtual Planetarium
During this lesson, students use the software
Starry Night Enthusiast™. They can use this
program to make indirect observations of
shadows over a 12-hour period, as well as over
the course of several months. By observing
computerized shadow data, students can
determine that shadow length in the summer
is shorter than shadow length in the winter.
Students also can measure the “height,” or
angular separation, of the Sun in the sky by
clicking on the Sun’s image on the screen and
dragging the cursor to the horizon. (The horizon
is the plane that extends from your eye to the
edge of Earth.) In general, angular separation is
the angle between lines originating from the eye
of the observer toward two objects. In this case,
angular separation means the angle between the
Sun’s apparent position in the sky and the hori-
zon (see SG Figure 3.3). Changes in the Sun’s
position above the horizon at the same time on
different days of the year are due to the orbit of
the tilted Earth around the Sun. Students will
model Earth’s orbit and its effects on seasons
and Sun height in Lesson 4.



STUDENT MISCONCEPTIONS

Many common terms and phrases we use con-
tribute to students’ misconceptions about the
Sun-Earth system, including:

e The Sun rises in the east.
¢ The Sun sets in the west.
® The Sun moves across the sky.

(The Sun appears to rise, set, and move across

the sky due to Earth’s movements.) As students
go through the inquiries of the module, they
should begin to use more accurate terminology
that reflects new conceptual understanding.

READING SELECTIONS

In this lesson, students read three selections.
“How To View the Sun Safely” summarizes the
safety issues involved in viewing the Sun. This
reading selection helps prepare students for

outdoor investigations and includes information

about safety procedures that students must
read before beginning Inquiry 3.1. The back-
ground reader “Solar Noon” helps students

identify the point at which the Sun is highest in

the sky. “The Anasazi: Ancient Skywatchers” is

a reading selection that details ancient methods

of observing changes in the Sun’s patterns at
Chaco Canyon.

MATERIALS FOR LESSON 3

For the teacher
1 transparency
1 set of fine-point transparency markers
Question A folder (from Lesson 1)*

*Needed, but not supplied

LESSON 3 TRACKING SHADOWS

MATERIALS FOR INQUIRY 3.1

For the teacher
1 transparency copy of Student Sheet 3.1:
Analyzing Shadow Data*
1 hole punch
Masking tape or transparent tape*

For each student
1 copy of Student Sheet 3.1: Analyzing
Shadow Data*

For each group of 4 students
1 Sun-Earth-Moon Board™
3 sheets of plain white paper, 8% x 11 in.
taped together*
large binder clips
rod #1
rod #2
rod #3
piece of chalk*
magnetic compass
student timer (or other timepiece)
metric ruler, 30 cm (12 in.)

PP RPNRRPRREN

MATERIALS FOR INQUIRY 3.2

For the teacher
1 Starry Night Enthusiast™ CD-ROM
Access to a computer lab or computer LCD
projector and screen*
Masking tape*

For each group of students (at one computer)
1 transparency
1 set of fine-point transparency markers
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LESSON 3 TRACKING SHADOWS

MATERIALS FOR INQUIRY 3.3

For the teacher
1 transparency copy of Planning Sheet (see
Appendix C: Blackline Masters)*
1 transparency copy of Student Sheet 3.3:
Graphing the Sun’s Path in Winter and
Summer*

For each student
1 copy of Student Sheet 3.3: Graphing the
Sun’s Path in Winter and Summer*
2 markers, pens, or pencils (different colors)*

For each group of 4 students
1 Sun-Earth-Moon Board™
1 “Modeling Shadows” sheet
4 large binder clips
1 rod #1
1 small adjustable beam flashlight
2 AA batteries

1 foam sleeve

1 nylon line (string), 50 cm

1 super jumbo plastic straw, 30 cm
1 metric measuring tape

MATERIALS FOR INQUIRY 3.4

For the teacher
1 mounted globe on axis*
1 toothpick, 1 cm of the tip
Modeling clay, bead-sized amount
1 clamp lamp (optional)
100-W lightbulb (optional)
2 bookends (optional)

'_\

For each group of 4 students
1 globe of Earth, 12 cm diameter
1 rod labeled “E”
1 toothpick, 1 cm of the tip
Modeling clay, bead-sized amount

PREPARATION

NOTE Two versions of the Planning Sheet are
available in Appendix C: Blackline Masters.
One uses phrases that introduce students to
the ideas of scientific process (for example,
“What I think will happen”). The other sheet
incorporates more advanced scientific vocab-
ulary, such as “hypothesis” (what I think will
happen) and “controlled variables” (what I
will keep the same). Select the sheet that most
closely aligns with your students’ level of
understanding. You may find it helpful to begin
with the more basic version and then add the
version using more advanced scientific vocab-
ulary as the unit progresses.

1. For each group, tape three sheets of plain
white paper together to form a 28-cm x
60-cm sheet. Punch a hole approximately
1.5 em from the longer edge in the center

*Needed, but not supplied
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of the taped sheet, so that it aligns with the
single hole on Side A of the Sun-Earth-
Moon (SEM) Board, as shown in Figure 3.1.
Groups will attach the long plain sheet to
their board using four large binder clips.

2. Inquiries 3.1 and 3.4 are outdoor investiga-
tions. For Inquiry 3.1, you will need a rela-
tively flat, sunny area. Select a spot where
trees and other tall buildings or structures
will neither block students’ view of the Sun
nor eliminate the Sun’s shadows. If you do
not have a sunny day during your time-
frame for Inquiry 3.1, use Inquiry 3.3 to
replace the concepts addressed in Inquiry
3.1. Note, however, that Inquiry 3.3 is not
optional. If you cannot go outside for
Inquiry 3.4, use a clamp lamp supported on
bookends to model the Sun’s light.

3. Familiarize yourself with the software
Starry Night Enthusiast and its menu. For
example, learn how to change the elapsed



LESSON 3 TRACKING SHADOWS

Figure 3.1 Tape the three sheets together, punch a hole in the center of the longer edge,
and then clip the long sheet to Side A of the Sun-Earth-Moon Board.

time intervals, to set the dates, label the
planets, Sun, and ecliptic, and use the
<Run Time Forward> and <Stop Time>
buttons. To set your <Viewing Location>,
choose <Options> on the Main Menu and
select <Viewing Location>. On the list of
cities provided, select the city closest to
your home location. Then click <Go to
Location>.

. If possible, arrange for 2 days in the com-
puter lab for Inquiry 3.2. You will need a
full class period to introduce Starry Night
Enthusiast and to allow students to explore
the program, and you will need another
period to complete Inquiry 3.2. Each group
of students at a computer will need one
blank transparency and one transparency
marker. If you do not have access to a com-
puter lab, you may be able to adapt Inquiry
3.2 to be completed with one classroom
computer and a projection screen.

. For Inquiry 3.4, each group needs a 1-cm
tip of a toothpick. Break the toothpicks
ahead of time, or ask each group to do this.
Students also only need a bead-sized por-
tion of modeling clay to support the tooth-
pick tip on the globe. Any larger amount of
clay will interfere with students’ ability to
read the shadows on their globes. See SG
Figure 3.7 for a sample setup.

Getting Started

Ask students what they know about the
® following, and record their ideas on a
transparency.

What causes the apparent motion of
the Sun and Moon across the sky?

What causes day and night?
What determines the length of a year?

What causes seasons?

2 Inform students that, in Inquiries 3.1 and

3.3, they will use a shadow stick to make
general observations of shadows. Discuss
with students how shadow sticks were
used in the past. (Some students may be
familiar with the use of sundials and
shadows to tell time.)

3 Ask students to describe shadows they

have seen, for example, those cast by a
fence post or flagpole or by their own
bodies. How did the shadows change
throughout the day? Invite students to
discuss various methods they could use
to track changes in daily shadows.
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LESSON 3 TRACKING SHADOWS

Inquiry 3.2
Collecting Computerized
Shadow Data

PROCEDURE

1- Use a single computer and projection
screen to instruct students how to use
the Starry Night Enthusiast program.
Review the menu bar, including how to set
the school’s <Viewing Location>, change
the date, set elapsed time intervals, use
the <Run Time Forward>, <Step Time
Forward>, and <Stop Time> buttons, and
label the planets, Sun, and ecliptic.

2. Have students sit at each computer in the
computer lab. Give students time to
explore the program before initiating the
inquiry. Have them label the planets and
Sun. Then ask them to look at the path of
the Sun, Moon, and planets. How are they
alike? How are they different? Have groups
label the ecliptic. Encourage groups to find
out other things they can learn from this
program. (If you do not have classroom
computer access, you may still teach this
inquiry with some adjustments and addi-
tional teacher preparation. You will need to
gather the data on your own before teach-
ing the activity. Using the CD-ROM soft-
ware, label planets, Sun, and ecliptic onto a
transparency sheet. Have students look at
the path of the Sun, Moon, and planets.
Compare how the paths are alike and how
they are different.)

3. Review the steps of this inquiry with the
class. Describe how one member from
each group will trace the changes in
shadow data onto a transparency, while
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each member of the group also records
these shadow drawings in his or her own
notebook. (If you do not have classroom
computer access, you may still teach this
inquiry with some adjustments and addi-
tional teacher preparation. Gather the
data on your own before teaching the
activity. Using the CD-ROM software,
draw the shadow patterns for June 1st
and December 1st onto a transparency
sheet. Have students record these shadow
drawings in their own notebooks.)

NOTE If you do not have access to a computer
lab, complete the inquiry by using the class-
room computer and a projection screen. If you
have only one computer, ask each student to
write a description of what they want to have
the program do. Select one description at a
time to explore various components of the pro-
gram. You may want to complete Step 4 in a sep-
arate period.

Allow students enough time to complete
- Inquiry 3.2 using the Starry Night
Enthusiast software.

REFLECTIONS

Discuss students’ observations. Students
" can share their transparencies on the
overhead projector.

Ask students the following questions.
" Remind them to use evidence from Starry
Night Enthusiast to support their answers:

What patterns do you observe in the
shadow data overall? (As the Sun
appears to move higher above the horizon
before solar noon, shadows grow shorter



LESSON

Seasons on Earth

Inquiries 3
Periods 5
CONCEPTS

Seasons are the result of
Earth being tilted on its
axis as it orbits the Sun.

Earth’s northern axis is
currently fixed on Polaris,
the North Star.

Shadows change
according to the time of
day (position of Earth in
its rotation) and time of
year (position of Earth in
its orbit).

The length of daylight
and apparent path of the
Sun for each season vary
at different latitudes.

STUDENT OBJECTIVES
Model Earth’s orbit.

Identify Polaris as the
current North Star.

Compare sunrise and
sunset times at different
latitudes throughout

the year.

Relate changes in the
apparent path of the Sun
and the length of day-
light to Earth’s orbit on
its tilted axis.

Create a working
definition of the term
“revolution.” Recognize
“orbit” as synonymous.

OVERVIEW

During Lesson 3, students investigated changes
in daily shadow data and used those data as evi-
dence of Earth’s rotation on its axis. In this lesson,
students model Earth’s revolution around the Sun.
They observe changes in seasonal shadow data,
draw conclusions about why seasons occur, and
investigate how Earth’s revolution affects sea-
sonal changes at various latitudes. To begin, stu-
dents discuss what they know about seasons and
whether shadows are the same for all parts of
the world on any given day. During Inquiry 4.1,
students use a globe and flashlight to investigate
the relative positions of the Sun and Earth dur-
ing summer and winter. They relate their obser-
vations of winter and summer shadows on the
revolving globe to the seasonal shadows they
observed during Lesson 3. During Inquiry 4.2,
students return to the software Starry Night
Enthusiast™ and observe the North Star and
the apparent motion of its surrounding stars,
and conclude that Earth rotates on its axis.
During Inquiry 4.3, students use Starry Night
Enthusiast to investigate changes in sunrise and
sunset data at different latitudes throughout the
year and use these data as indicators of Earth’s
revolution. In addition, students graph changes
in the ecliptic (apparent path of the Sun across
the sky) over a year at different latitudes. This
helps them draw general conclusions about the
effect of Earth’s orbit on seasonal variations.
This lesson prepares students for Lesson 3, in
which they investigate the Moon’s revolution
around Earth and its effect on lunar phases.

STC/MS™ EartH IN SpacE 37



LESSON 4 SEASONS ON EARTH

Table 4.1 Sunrise and Sunset Data for New York City, Week of July 22, 2001

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
22 23 24 25 26 27 28
Sunrise: Sunrise: Sunrise: Sunrise: Sunrise: Sunrise: Sunrise:
5:42 AM. 5:43 AM. 5:44 AM. 5:45 AM. 5:46 A.M. 5:47 AM. 5:48 A.M.
Sunset: Sunset: Sunset: Sunset: Sunset: Sunset: Sunset:
8:22 P.M. 8:21 p.M. 8:20 p.M. 8:19 p.M. 8:18 p.M. 8:17 p.M. 8:16 P.M.

This means that, on each successive day, the
Sun rises about 1 minute later as observed from
a rotating, orbiting Earth (see Table 4.1), and
Earth must make just a bit more than one
complete rotation to “bring the Sun up again.”
After a year, when Earth has completed one
orbit around the Sun, the Sun will appear to
have completed one circuit in the sky along its
path. We can demonstrate this if we walk
around a campfire at night; we see the flames
appear successively in front of each person
seated around the fire.

The Plane of the Ecliptic

The plane along which Earth and most of the
planets orbit the Sun is called the plane of the
ecliptic. From Earth, the Sun and all the visible
planets are seen to lie along the plane of the
ecliptic. Therefore, the Sun’s apparent path
across the sky is referred to as the ecliptic. (In
Starry Night Enthusiast, you can right click on
your viewing location screen and select <Show
Ecliptic>.) The Sun, Moon, and all the planets
travel along this same apparent path.

Ancient cultures noted that the ecliptic does
not lie in a plane perpendicular to the line
between the South and North Celestial Pole—
the point with which Earth’s northern axis is
aligned. Instead, Earth is currently inclined at
an angle of about 23.5 degrees to that plane.
(Earth’s polar tilt varies by about 1 degree
approximately every 50,000 years.) Corre-
spondingly, as Earth rotates in the plane of the
ecliptic as it revolves around the Sun, Earth’s
relative angle to the Sun at any single location
changes throughout the year. The correspond-
ing change in the angle at which solar rays

reach Earth at any one time gives us the sea-
sons. Students model the geometric relation-
ships of the Sun-Earth-Moon system during
Inquiry 4.1 and observe the tilted Earth as it
makes one complete orbit around the Sun.

Observations of the North Celestial Pole
To prove that Earth does rotate on its axis,
students use Starry Night Enthusiast during
Inquiry 4.2 to analyze star patterns near the
North Celestial Pole. As they complete the
inquiry, students may observe the following:

e The North Star remains in an apparent and
almost fixed position in the sky relative to the
other stars, which appear to move in a circle
around it. This provides visual confirmation
that Earth rotates on its axis and that its axis
is currently fixed on the North Star.

e Earth’s axis now remains fixed on Polaris
throughout the year as Earth orbits the Sun.
This fixed tilt is responsible for the change
in seasons.

® The angular separation of the North Celestial
Pole (currently Polaris) is the same as the lati-
tude of the city from where students are
observing the pole.

¢ From the Southern Hemisphere, the stars also
appear to move in a circular pattern as Earth
rotates on its axis; however, there is currently
no “South Star” to use as a visual reference.

Seasonal Variations in Sunlight

at Different Latitudes

Changes in the position of the ecliptic occur over
the year because of Earth’s orbit on its tilted axis.
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LESSON 4 SEASONS ON EARTH

Although the Sun is always highest at solar noon,
its position in the sky changes gradually through-
out the year and is dependent on latitude.

Alaska is often referred to as the “land of the
midnight Sun.” In June in the Northern Hemi-
sphere, the Sun barely sets on Alaska due to
the angle of Earth as its Northern Hemisphere
tilts toward the Sun’s light. At the same time,
the Sun barely rises on parts of the South Pole.
However, places along the equator receive about
12 hours of daylight year round. This is because
the equator is neither in the Northern or
Southern Hemisphere and therefore is always
within 23.5 degrees of the Sun’s direct incoming
rays. This lesson demonstrates that the spheri-
cal shape of the tilted Earth and its orientation
to the Sun along the ecliptic determine the
amount of sunlight that reaches any one place
on Earth.

During Inquiry 4.3, students use Starry Night
Enthusiast to make indirect observations of the
Sun’s changing position in the sky at the same
time at different latitudes throughout the sea-
sons. Students work in groups to record sunrise
and sunset times, pinpoint the exact direction
from which the Sun rises and sets, and measure
the angle of separation—the height of the Sun
above the horizon. Each group is assigned a dif-
ferent latitude at which to collect this data. All
groups should conclude the following when they
combine their observations in a class discussion:

e When a particular latitude experiences sum-
mer, the Sun is visible earlier in the day, has
a greater angular separation (appears higher
in the sky), and sets later in the day than it
does in the winter.

¢ The apparent path of the Sun is higher in the
sky during the summer (that is, when that par-
ticular latitude is leaning toward the Sun), and
lower in the sky during winter (that is, when
that latitude is leaning away from the Sun).

e In the northern latitudes, when looking toward
the equator, the Sun appears to rise from the
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left (east) and sets to the right (west). In the
southern latitudes, when looking toward the
equator, the Sun appears to rise from the right
(east) and sets to the left (west).

e At latitudes closer to the poles (such as Alaska
in the Northern Hemisphere and the Antarctic
in the Southern Hemisphere), the winter and
summer ecliptics are almost reversed, with the
Sun barely setting in the summer months and
barely rising in winter months.

e At the equator (such as in Ecuador), the
ecliptic is the same year around. Regardless of
the time of year, the interval between sunrise
and sunset is approximately 12 hours.

® The location of the Sun in the sky at sunrise
changes from south of east in winter to north
of east in summer. Sunset readings change
from south of west in the winter to north of
west in the summer. The Sun rises due east
(at exactly east) during the two equinoxes
(around March 21 and September 21).

STUDENT MISCONCEPTIONS

e Many students believe that seasons occur
because Earth is closer to the Sun in the
summer and farther from the Sun in the
winter. (Earth’s orbit is an ellipse; Earth is
actually slightly closer to the Sun in
December than in June.)

e Many students believe that the North Star is
the brightest star in the night sky. (Sirius is
the brightest star in the sky, after the Sun.)

READING SELECTIONS

In this lesson, students read two selections.
“The Reasons for Seasons” helps students learn
more about why seasons occur. The second
reading selection, “Steering by the Stars,” gives
historical background about how sailors use the
Sun’s movement across the sky as a navigational
technique.



MATERIALS FOR LESSON 4

For the teacher

1

PR NR R R

“Modeling Shadows” sheet

color Transparency 4.1: Seasons
transparency

set of fine-point transparency markers
mounted globes on axes*

protractor*

Starry Night Enthusiast™ CD-ROM
Question B folder (from Lesson 1)*
Access to a computer lab or computer LCD
projector and screen*

For each student

1

1

1

copy of Student Sheet 4.3a: Sunrise and
Sunset Data for Different Latitudes*
copy of Student Sheet 4.3b: Graphing the
Ecliptic at Different Latitudes*

copy of Student Sheet 4: Review:
Lessons 1-4*

For each group of 4 students

1

PR R R

B OR N R

transparency copy of Student Sheet 4.3a:
Sunrise and Sunset Data for Different
Latitudes*

transparency copy of Student Sheet 4.3b:
Graphing the Ecliptic at Different Latitudes*
set of fine-point transparency markers
(different colors)

Sun-Earth-Moon Board™

globe of Earth, 12 cm

rod labeled “E”

toothpick, 1 cm of the tip

Modeling clay, bead-size amount

small adjustable beam flashlight

AA batteries

foam sleeve

removable dots

protractor*

*Needed, but not supplied

LESSON 4 SEASONS ON EARTH

PREPARATION

1. Review Inquiry 4.3. Divide the class into

four groups, each of which will collect sun-
rise/sunset data (times and location) for
different latitudes on Earth. Make one
transparency copy of Student Sheets 4.3a
and 4.3b for each group of four sudents.
(The groups will use the transparencies to
share their data at the close of the inquiry.)

. Examine Student Sheet 4: Review: Lessons

1-4. Decide now if students will put their
answers on loose leaf paper, directly on the
copies you make, or on a computerized
scan sheet. This review is listed under the
Homework section, but can be completed
in class as a quiz.

. Set up Starry Night Enthusiast on the

classroom computer and projection screen.
Familiarize yourself with the North Celestial
Pole using the steps in SG Inquiry 4.2. You
need a full class period for this inquiry.

. Preview SG Procedure Steps 4-10 of

Inquiry 4.3. Arrange for a full class period
in the computer lab to complete this part of
the inquiry. If you do not have access to a
computer lab, all steps of Inquiry 4.3 can
be completed with one classroom computer
and a projection screen, although you will
have to use the classroom computer to
demonstrate to the entire class changes at
each of the four latitudes assigned.

. Prerequisite skills for Inquiries 4.2 and 4.3

include knowledge of longitude and lati-
tude, degrees, and specific compass direc-
tions (NE, SE, SW, etc.). See Appendix E:
Locating Areas on a Map Using Longitude
and Latitude for a basic lesson in longitude
and latitude, or arrange to conduct this
lesson in conjunction with your Social
Studies department.
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LESSON 4 SEASONS ON EARTH

Inquiry 4.2
Observing the North Star

PROCEDURE

NOTES

e Inquiry 4.2 is designed so that students can com-
plete the inquiry in a computer lab with each
group working independently. However, if you
only have access to one classroom computer,
complete SG Procedure Steps 1-11 as a class.

e If you are conducting this inquiry as a class,
you may want to have students discuss their
observations as a class and not record them.

1- Have students read “Steering by the Stars”
and “Constant as the North Star.” Discuss
the questions at the end of the reading
selection. Help students understand that
the position of stars led people of long ago
to discover that Earth rotated on its axis
and to determine their latitude on Earth.

Review Inquiry 4.2 with the students. Ask
them to suggest ways they might record
their observations of the North Star and
its angle of separation (altitude) for each
month that they observe. A sample obser-
vation table is shown in Table 4.2.

3- Conduct SG Procedure Steps 1-11 either
in groups or as a whole class. Possible
student observations are outlined in the
Background of this lesson.

Table 4.2 Observations of the North Star

Latitude:

Inquiry 4.3
Investigating Seasonal
Variations at Different
Latitudes

PROCEDURE

1.

3.

Divide the class into four groups. Assign
each group to one of the following locations:

¢ Viewing location (nearest city)

e Anchorage, Alaska

¢ Quito, Ecuador

e Antarctica (anywhere along 75° S
latitude).

Have students record their assigned loca-
tion on both Student Sheet 4.3a: Sunrise
and Sunset Data for Different Latitudes
and Student Sheet 4.3b: Graphing the
Ecliptic at Different Latitudes.

Review the steps outlined in Inquiry 4.3.

Use the transparency copies of the sheets
to guide your discussion. Then allow stu-
dents time to complete the inquiry.

Date Angle of Separation

General Observations
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LESSON 4 SEASONS ON EARTH

Social Studies Language Arts

2- Modern navigators use satellites, radio,
and computers to calculate their exact
position in the air and on the seas and
land. Ancient navigators calculated their
latitude by using the North Star. Have stu-
dents research the relationship between
the angular separation or “altitude” of the
North Star (Polaris) from their city, and
the latitude of their city in the Northern
Hemisphere. For example, if the angle of
separation of Polaris is 53 degrees in
Edmonton, Canada, then the latitude of
Edmonton is 53 degrees. (Note that this
activity will not work for students living
in the Southern Hemisphere, since the
South Celestial Pole does not coincide
with any particular star.)

Instructional Technology
3. Have students use Starry Night
Enthusiast to investigate how times for
moonrise and moonset compare to times
for sunrise and sunset. Ask students to
determine how the apparent path of the
Sun compares to the apparent path of
the Moon. They should determine that,
because their apparent paths in the sky
are nearly identical, these two bodies lie
almost in the same plane (the plane of
the ecliptic).
Science Language Arts
4. Have students reread “The Reasons for
Seasons” and use additional resources of
their choosing to research the following
question: If Alaska receives more hours of
daylight in June than Florida, why is it
colder in Alaska in June than in Florida?

Language Arts

5 Challenge students to determine the origins
" of the terms “equinox” and “solstice.”
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Instructional Technology
6. Students can use Starry Night Enthusiast

to demonstrate that Earth does precess, or
shift, on its axis. Have students set the
date to 7/30/3000 B.c. and search for the
star that is closest to the North Celestial
Pole. They should notice that in 3000 B.C.,
Polaris was not the North Star; Thuban was.

Art Mathematics

7. In ancient times, people looked at the
night sky and imagined that groups of
stars formed the outlines of people and
animals. Have each student plot one
known constellation on a graph. They
should then list the & and y coordinates
of each star in the constellation. Students
can exchange sets of coordinates to draw
each other’s mystery constellation.

ASSESSMENT
Review students’ recorded observations and dia-
grams, their answers to the “Reflecting on What
You've Done” questions, and their student sheets.
Assess their understanding of seasons by looking
for the ideas bulleted in the Background.

You may want to use Student Sheet 4:
Review: Lessons 1-4 as an in-class quiz. The
answers are as follows:

Part A

1. D 8. C 15. A

2. A 9. C 16. B

3. D 10. A 17. A

4. B 11.B 18. Bor C
5. A 12. B 19. C

6. D 13.D 20.D

7. A 14. A 21.D
Part B

Responses for the data table and graph will
vary. See the Background for possible student
responses to Questions 1-3.



Name:

LESSON 4 SEASONS ON EARTH

Class:

Student Sheet 4.3a

Sunrise and Sunset Data for Different Latitudes

Date:

Directions Record your group’s assigned location and its longitude and latitude. Record the seasonal
sunrise and sunset times for that location in Table 1. Record the compass direction (NE, E, SE, S,
SW, W, NW, N) and altitude from which the Sun rises and sets. Record the Sun’s angle of separation

(altitude) at solar noon and the time of day.

Locations

Longitude: Latitude:

Table 1 Sunrise and Sunset Data

Sunrise Solar Noon Sunset Total
Angle of Angle of Angle of Hours of
ngle of .
. . . Compass Daylight
Date Time C?mpz:\ss Separation Time Separation Time ompa Separation yigt
Direction . . Direction . (hrs. min.)
(Altitude) (Altitude) (Altitude)
March 21
June 21
September
21
December
21
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shown, between the white and black hemi-
spheres. Allow the colored spheres to dry.
Do not give students the black-and-white
spheres until Procedure Step 2 of Inquiry
5.2 or you will give away the results of
Inquiry 5.1, in which students discover that
the Moon is always half illuminated and
half dark.

. Use the adhesive putty or some other
adherent to hang up the cloth Sun, which
you first used in Lesson 2. Position the
cloth Sun in a location that is visible to all
groups.

. Set up Starry Night Enthusiast on your
classroom computer and projection screen
for use during “Getting Started.” Students
will use the program to verify moonrise and
moonset patterns and to observe the chang-
ing appearance of the Moon over time.

Figure 5.2 Color the
7.5-cm sphere half
black. Make certain
the hole is at the base
of the sphere, between
the black and white
halves, as shown.

LESSON 5 INVESTIGATING LUNAR PHASES

NOTE Students begin more formal outdoor
evening observations of the Moon’s phases in
this lesson. It is best not to begin this home

assignment during the new moon phase, since

students will not be able to find the new moon
in the night sky.

Getting Started

1.

Invite students to share with the class
their moonrise and moonset homework
data from Lesson 2. Discuss any patterns
that students observed in the Moon’s rise
and set times and in its appearance.
Project Starry Night Enthusiast from your
classroom computer to verify students’
observations. Establish that the Moon does
rise and set each day and that the Moon’s
rising and setting times and its general
appearance change over time.

Ask students to share their responses to
the following with the class:

Why do the rising and setting times and
appearance of the Moon change over time?

Record their ideas on a transparency.
After your brainstorming session, let stu-
dents know that, just like the Sun, the
Moon rises and sets because of Earth’s
rotation on its axis. Changes in the Moon’s
rising and setting times, as well as in its
appearance, are the result of the Moon’s
orbit around Earth. Inform students that
these apparent changes in appearance are
called “lunar phases.”

NOTE As an alternative, you may wish to com-
plete Getting Started Step 3 as a demonstration
with one pair of student volunteers.
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LESSON 5 INVESTIGATING LUNAR PHASES

C. Is the Moon visible only in the nighttime
sky? Why or why not? (Think about what
you saw when you were facing the Sun—
which represents daytime on Earth.) (No,
the Moon is also visible in the daytime sky,
depending on its position as it orbits Earth.
If the Moon is located on the side of Earth
that faces the Sun—such as during the
waxing and waning crescent phases—the
Moon is visible in the daytime sky. If the
Moon is located on the side of Earth that
faces away from the Sun—such as during
the full moon and gibbous phases—the
Moon is visible in the nighttime sky.)

NOTE Students can use Starry Night Enthusiast
to investigate Question D in Reflection Step 2.

D. Does everyone on Earth see the same
phase of the Moon on any given day? Why
or why not? (During a 24-hour period,
everyone on Earth will see the same phase
of the Moon, since the Moon stays in one
place relative to Earth as Earth makes one
complete rotation on its axis.)

3. Ask students: Is the same side of the Moon
always dark? Help students understand
that although the dark side of the model
used in Inquiry 5.2 was permanent, the
side of the Moon that is in the Moon’s shad-
ow (that is dark) changes each night.
Demonstrate this effect by marking a large
black X on one-half of a white sphere. Orbit
the sphere around a globe while shining a
clamp lamp or overhead projector on the
model Earth-Moon system (see Figure 5.7).
Keep the X facing the globe during the
Moon’s entire orbit. By viewing the X, stu-
dents should conclude that the Moon
rotated only one complete turn in the
same time that it completed one revolution
around Earth; and, as the Moon rotates, the
X moves in and out of the Sun’s reflected
light. This proves that—just as on Earth—
the dark side is not permanent.
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Figure 5.7 Model how the Moon’s dark side changes by

keeping the X facing the globe at all times as you orbit
the Moon around the globe.

NOTE During “Reflecting on What You’ve Done”
Step 3, students should conclude that the
Moon’s period of rotation is equal to the Moon’s
period of revolution (also called the “orbital
period”)—both are 27.3 days. However, the
concept that the Moon’s rotation and revolution
are synchronous is very complex, and relates to
tidal forces, which students will investigate dur-
ing Lesson 16. See the Background of Lesson 16
for additional information on this phenomenon
and for information that compares the “dark
side” of the Moon to its “far side.”

4. To assess students’ understanding of the
phases, distribute to each group one sheet
of newsprint, scissors, glue, markers, and
one copy of Inquiry Master 5: Assessment:
Identifying Lunar Phases. Instruct stu-
dents to create a poster showing the lunar
phases as seen from Earth in the correct
order around Earth. Examples are shown
in Figure 5.8. If needed, students can use
SG Table 5.1: Lunar Phases to label the
phases by name. Randomly place an X on
the perimeter of each group’s poster to
indicate the position in which they should
draw their Sun. Select different positions
for each group, if possible. This way, stu-
dents must consider the direction from
which the Sun’s light is coming before
positioning their phases.



LESSON 5 INVESTIGATING LUNAR PHASES

EXTENSIONS

Mathematics

1. To determine how the Moon’s position in
the sky changes over the month, have
students measure and record the height
of the Moon in the sky each night for a
month by using their fists. Measured from
the horizon to its highest point, the sky
is one-quarter circle, or 90 degrees.
Measured in fists, it is approximately 9
fists high (with one fist being approxi-
mately 10 degrees). This system of mea-
surement allows a student to locate an
object within a relatively small section of
the sky. Instruct students to hold their
arms in front of them and to put one fist
on top of the other so that it takes nine
fists to go from the horizon to straight
overhead (or the zenith). Students can
practice measuring objects with their fists
in their houses before going outside.

Social Studies
Technological Design Mathematics

2. A sextant such as the one described in the
reading selection in Lesson 4, “Steering by
the Stars,” and shown in Figure 5.9, is an
instrument used to measure the angular
separation of celestial bodies which also
can be used to determine latitude. Students
can create their own sextants for measur-
ing the angle of the Moon or Sun in the
sky. Provide students with straws, protrac-
tors, rulers, string, washers, and tape. One
design is to use a straw taped to a ruler at
the 0 degree mark on the protractor.
Students can hang a string from the 0
degree mark and weight the string with a
washer. Have students project the image of
the Sun through the straw’s hole so that
the straw is facing the Sun. If they are
locating the Moon, they can simply look
for the Moon through the straw’s hole. The
location of the weighted string will give
students the data to calculate the angle of
separation of the Sun or Moon.

STC/MS™ EARTH IN SPACE

Figure 5.9 A sextant

Science
If possible, take students outside on a
sunny day to compare the phase of their
model Moon to the phase of the Moon in
the daytime sky. It is preferable to do this
extension when the Moon is in either its
first- or third-quarter phase, when it may
be visible during the day (see SG Table
5.1). To find the Moon’s current and pro-
jected phases for each teaching day,
check your local newspaper, current edi-
tions of an almanac, the Internet, or
Starry Night Enthusiast. Have students
take the large sphere and a rod and ask
them to locate the Moon in the daytime
sky. Invite them to hold their model Moon
up to the natural Moon and answer the
following questions:

Does your model Moon appear the same
or different from the daytime Moon?

In what way is the phase of the Moon the
same as or different from one you may
hawve observed a week ago?

Is the Moon always visible in the daytime
sky? Why or why not?



LESSON 5 INVESTIGATING LUNAR PHASES

Name:

Class:_ Date:

Student Sheet 5
Recording Lunar Phases Over Time

Directions Record the date of your lunar observation on the side of each box. Draw the phase of the
Moon for that day. The first one is done as an example. Use Table 5.1 in your Student Guide to help

you decide when the Moon is visible in the sky. Indicate whether you are making direct observations
of the Moon or are using a newspaper or computer (for example, use Starry Night Enthusiast or the

Internet). If you used both direct observations and a newspaper or computer, check both boxes.

D Direct Observations of the Moon D Newspaper- or Computer-Aided Observations
Sunday Monday Tuesday Wednesday Thursday Friday Saturday

N

=

g
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LESSON 7 THE SUN AS AN ENERGY SOURCE

MATERIALS FOR LESSON 7

For the teacher

1

transparency copy of Planning Sheet (see
Appendix C: Blackline Masters)*
transparency copy of Student Sheet 7.1:
Collecting Radiant Energy Data*

copy of Inquiry Master 7.1 Planning Sheet:
Sample Experimental Design*

rubric (see Appendix C: Blackline Masters)
Question Folder E (from Lesson 1)*
Starry Night Enthusiast CD-ROM (optional)
Access to a computer lab or computer LCD
projector and screen (optional)*

For each student

2

copies of Planning Sheet (see Appendix C:
Blackline Masters)*

copy of Student Sheet 7.1: Collecting
Radiant Energy Data*

sheet of graph paper (see Appendix C:
Blackline Masters)*

For each group of students

1

=
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transparency copy of Student Sheet 7.1:
Collecting Radiant Energy Data*
transparency

transparency copy of graph paper (see
Appendix C: Blackline Masters)*

set of fine-point transparency markers
clamp lamp with reflector

150-W lightbulb

100-W lightbulb

50-W lightbulb

bookends

radiometer

removable dot

student timer (or other timepiece)
protractor*

pair of heat-resistant KEVLAR® gloves
metric measuring tape or “%»~-meter stick
extension cord (optional)*

Access to electrical outlet, 110V-120V

*Needed, but not supplied

86

STC/MS™ EARrRTH IN SPACE

PREPARATION
1. Make one transparency of Student Sheet 7.1

for each group. Provide each group with a
blank transparency (for their data table in
Inquiry 7.2) and a transparency copy of the
graph paper from Appendix C: Blackline
Masters. Students will use these transparen-
cies to present their data tables and graphs
at the end of each inquiry.

. Review the Planning Sheets in Appendix C:

Blackline Masters. Two versions of the plan-
ning sheet are available. One uses phrases
that introduce students to the ideas of sci-
entific process (for example, “What I think
will happen”). The other sheet incorporates
more advanced scientific vocabulary, such
as “hypothesis” (what I think will happen)
and “controlled variables” (what I will keep
the same). Select the sheet that most close-
ly aligns with your students’ level of under-
standing. You may find it helpful to begin
with the more basic version and then add
the version using more advanced scientific
vocabulary as the unit progresses.

. For each group, locate access to a 110V-

120V electrical outlet for the clamp lamp.

SAFETY TIP

Set up the clamp lamps along the
perimeter of the room, so that cords
do not run through traffic areas.

4. In Inquiry 7.2, groups design their own

investigation, and you will need to prepare
the materials accordingly to accommodate
the variables they select to investigate.
Two possible topics for investigation
include the following:

Power—Set up three clamp lamps around
the perimeter of the room. Place a 50-W

lightbulb in one lamp, a 100-W lightbulb in
a second, and a 150-W lightbulb in a third.



C. Why do you think different groups that
tested the same thing may have gotten
different results? (Results may vary
because of differences in the radiometer,
angle of light source, age of radiometer,
human error, and methods of timing.)

D. Draw some conclusions from your inves-
tigation. For example, how does changing
the wattage of the lightbulb affect the
amount of energy received by the radiome-
ter? (The greater the wattage, the longer
the vane on the radiometer rotates.)

E. Make a prediction: How do you think
the Sun will affect the radiometer? (Many
students may think that because the Sun
is so far away, the radiometer will not
spin. However, students also should note
that the Sun is a tremendous energy
source and should cause the radiometer
to spin quickly.)

F. What characteristics of the Sun will
affect how the radiometer spins? (Its size,
energy output, and distance.)

G. What characteristics of Earth will affect
how much solar energy the radiometer
receives? (Angle of the Sun’s light, tilt of
Earth on its axis, surface composition, and
conditions of the atmosphere are all fac-
tors that affect the amount of solar energy
received in any given area on Earth.)

If it is a sunny day, take the students and
their radiometers outside, or have stu-
dents work near a sunlit window. Invite
students to place their radiometers in a
sunlit area and discuss their observations.
How do their observations compare with
their predictions? What explanation can
they give for their observations?

LESSON 7 THE SUN AS AN ENERGY SOURCE

4. Ask students to consider how many
radiometers the Sun could “power”
compared to how many radiometers
one clamp lamp could “power.”

5. As an option, project Starry Night
Enthusiast on a large screen and use the
software to demonstrate that the Sun, from
a great distance away, appears as a star in
the night sky. (Do this by going to your
<Viewing Location> and click and drag the
scene until the Sun is in the center of the
screen. Then find <View> on the main
menu and select <Hide Daylight>. Next,
find <Labels> on the main menu and select
<Planets-Moon> and <Stars> to show
students that the Sun—although close to
Earth and apparently large and visible in
the daytime sky—is a star.)

NOTES

e As an option, project Starry Night Enthusiast
on a large screen and use the software to
demonstrate that the Sun, from a great
distance away, appears as a star in the night
sky. (Do this by going to your <Viewing
Location> and click and drag the scene until
the Sun is in the center of the screen. Then
find <View> on the main menu and select
<Hide Daylight>. Next, find <Labels> on the
main menu and select <Planets-Moon> and
<Stars> to show students that the Sun—
although close to Earth and apparently large
and visible in the daytime sky—is a star.)

e If your students have not yet completed
Appendix D: Measuring the Sun’s Diameter
Using a Sun Scale, you may want them to com-
plete this optional lesson now. Students then
can compare the distance between the Sun and
their radiometers to the distance between their
clamp lamps and their radiometers.
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LESSON 8 SUNSPOTS AND SPACE WEATHER

MATERIALS FOR LESSON 8

For the teacher

1 copy of Inquiry Master 8: Sun-Earth-Moon
System Review (Anticipated Responses)*

8 transparency copies of Inquiry Master 8.2:
Tracking Sunspots*

1 copy of the brainstorming sheet “What We
Want To Know About the Solar System”
(from Lesson 1)

1 pair of scissors*

1 transparency (optional)

1 set of fine-point transparency markers
(optional)

1 refracting telescope, 50 mm or higher
(optional)*

1 Starry Night Enthusiast CD-ROM (optional)
Access to a computer lab or computer LCD
projector and screen (optional)*

For each student

1 small square transparency of the Sun
(from Inquiry Master 8.2)*

1 copy of Student Sheet 8: Sun-Earth-Moon
System Review*

1 colored transparency marker (different color
for each group member)

1 sheet of graph paper (see Appendix C:
Blackline Masters)*

1 box of colored pencils*

1 metric ruler, 30 cm (12 in.)

1 pair of solar viewing glasses

For each group of students

1 pair of binoculars

1 sheet of fine cardboard, 8% x 11 in.

1 pair of scissors*
Masking tape*

1 sheet of white paper, 8% x 14 in.*

1 Sun-Earth-Moon Board™ Side A (from
Lesson 3)

4 large binder clips

1 flashlight (optional)

2 D-cell batteries (optional)

*Needed, but not supplied
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PREPARATION

1. Make multiple transparency copies of

Inquiry Master 8.2: Tracking Sunspots. Cut
the transparencies so that each student has
his or her own small square copy of the Sun.

. Set out all materials except for the solar

viewing glasses. You will distribute these
separately at the end of Inquiry 8.1. You
will need a sunny day to use these glasses
outside. Become familiar with using the
solar viewing glasses safely.

SAFETY TIP

Examine the solar viewing glasses for
scratches, dents, or openings. It is
very important to discard any damaged
or scratched glasses, which can be
hazardous to the eyes.

. Review Inquiry 8.1. Students will use pro-

jection through binoculars to observe
sunspot images, so you will need a sunny
area either outside or near a window. You
may also opt to set up a refracting tele-
scope from which students can see a larger
projected image of the Sun. If it is not
sunny, have students project light through
their binoculars using a flashlight; then use
Starry Night Enthusiast or the Internet to
view today’s sunspots (see Extension 1 in
this lesson). Either of these options
addresses the concepts covered in the
outdoor portion of Inquiry 8.1.

. If you use Starry Night Enthusiast to

observe today’s sunspots, either arrange
for time in the computer lab or plan to
complete this section of the lesson in the
classroom with one computer and a
projection screen. Before the lesson begins,
become familiar with how to view a magni-
fied image of the Sun using Starry Night
Enthusiast. (See Extension 1 for details.)




LESSON 8 SUNSPOTS AND SPACE WEATHER

Inquiry 8.1
Projecting Images
of the Sun

PROCEDURE

NOTE If the binoculars are already covered in
cardboard and the Sun-Earth-Moon Boards are
covered with white paper, you can skip TG
Procedure Step 1 and SG Procedure Steps 1-4.

1. Review SG Procedure Steps 1-4 with
students. Ask them to prepare their
binoculars and Sun-Earth-Moon Boards
for projection by following these steps
and referring to SG Figure 8.1.

2. If you have access to sunlight, have stu-
dents complete SG Procedure Steps 5-10
outside or near a window. If you do not
have access to sunlight, ask students to
project the image of light from a flashlight
onto white paper using the binoculars, as
shown in Figure 8.2. Help students relate
this simulation to observing the projected

image of the Sun.

Figure 8.2 Project the flashlight’s light onto white paper
using your prepared binoculars.
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NOTE See Extension 1 for a suggestion of how
to use Starry Night Enthusiast to view today’s
sunspots and track sunspots over the next

4 days.

After students complete SG Procedure
" Step 10, invite them to share what they
observed.

4 Collect students’ binoculars.

NOTE Keep the cardboard on the binoculars if
you will use them for additional classes.

Demonstrate how to use the solar viewing
- glasses safely (see SG Figure 8.4). Review
the Safety Tips.

SAFETY TIPS

Use solar viewing glasses to safely
observe the Sun.

Never use solar viewing glasses with
any other optical device, such as
cameras, telescopes, or binoculars.
Do not allow students to have the
solar viewing glasses and binoculars
at the same time.

Do not use solar viewing glasses if
they are damaged. Before use, check
for scratches, pinholes, or separations
from frame. If damaged, cut into small
pieces and discard.

Distribute one pair of solar viewing glasses
" to each student. Ask them to observe any
variations on the Sun’s surface.

NOTE If you are unable to go outside, or if it is a
cloudy day, students can look at the filament of
an illuminated lightbulb with their solar viewing
glasses. Compare this exercise to that of using
the solar glasses to view the Sun safely.



LESSON 8 SUNSPOTS AND SPACE WEATHER

Have students read “Little Ice Age” and

" “Tree Rings Hold Solar Secrets.” Discuss
the reading selections. Help students
understand that tree rings can tell scien-
tists about past solar activity, since low
carbon rates in a tree ring indicate high
solar activity for that year.

Examine the brainstorming sheet “What
We Want To Know About the Solar
System” from Lesson 1. Examine the
questions in column one. Can students
answer any of their own questions? If so,
move the self-stick question to the right-
hand column labeled “What We Now
Know About the Solar System.” Record
any new questions students may have on
new self-stick notes and place them in the
left-hand column.

HOMEWORK

108

Students should complete their final
" observations of the Moon’s phases if they
have not done so already.

Ask students to complete their graphs
® from Inquiry 8.3 at home, if needed.

Have students review for the Sun-Earth-
" Moon System assessment in Lesson 9 by
completing Student Sheet 8.
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EXTENSIONS

1.

2.

Instructional Technology
The class can use Starry Night Enthusiast
to view the Sun. From your <Viewing
Location>, click on the <Find> tab and
select <Sun> and <Magnify>. Then click on
the <LiveSky> tab, <Solar Images>, and
select <SOHO Satellite>. There are 4
SOHO EIT (Extreme Ultraviolet Imaging
Telescope) satellite images to choose from,
each corresponding to a different tempera-
ture. Students may zoom and refresh the
screen to view the Sun minute-by-minute.
Students may also use the Internet to find
current images of the Sun.

Art Language Arts
Have students draw and label a diagram of
the layers of the Sun. Students should also
write a paragraph describing how the Sun
creates energy.

Mathematics Language Arts
Have students read “Auroras” in the
Student Guide. Then, using Figure 8.6,
have students analyze aurora data and
compare it with the sunspot data graphed
in Inquiry 8.3. Is there any correlation?
(The same graph will be used on the
assessment in Lesson 9.)



During Inquiry 15.3, students apply these same
principles to the Sun and planets. They observe
that a model planet (a marble) will have greater
accelerations when it is closer to the model Sun
because it experiences a greater gravitational
force from the model Sun than when it was far-
ther away. The greater the acceleration of gravity
on the body, the greater the speed that it must
have to remain in a stable orbit.

Einstein’s Model

Newton’s law of universal gravitation, however,
had some basic flaws. For example, it could
not fully explain why Mercury’s entire ellipse
rotates slightly as Mercury orbits the Sun.
Einstein’s General Theory of Relativity
addressed this issue and others by stating that
the force of gravity may actually shape space.
That is, it is possible that the space around a
planet or star (or any other clump of matter) is
curved around that body. The more massive the
object, the deeper the gravitational well, and the
more that space curves around it. Students cre-
ate this model during Inquiry 15.3. (See “Heavy
Thoughts” in the Student Guide, which contains
an illustration of a two-dimensional representa-
tion of what the curved space around a massive
star—such as our Sun—might look like.)

STUDENT MISCONCEPTIONS

As noted in Lesson 14, gravity is an abstract
concept that middle school students find diffi-
cult to understand. A few additional misconcep-
tions concerning gravity, although not addressed
directly in this lesson, are listed below:

e Students may not recognize that the Sun
attracts Earth and that Earth attracts the Sun.
(The gravitational force of the Sun on Earth is
the same as the gravitational force of Earth on
the Sun.)

e Students may believe that a planet cannot stay
in orbit unless a force constantly “pushes” it.

LESSON 15 GRAVITY AND ORBITAL MOTION

(Planetary motion is dependent on the Sun’s
gravitational pull on the planet and the
planet’s forward motion.)

¢ Students may think that the Sun’s gravita-
tional influence on Pluto must be stronger
than its influence on Mercury in order to
hold Pluto in orbit. (Various factors deter-
mine gravitational attraction, including mass
and distance. Pluto’s mass is less than
Mercury’s and Pluto is farther away from the
Sun; therefore, the gravitational attraction
between the Sun and Pluto is less than the
gravitational attraction between Mercury
and the Sun.)

READING SELECTIONS

In this lesson students read “Heavy Thoughts,”
which highlights the theories of gravity and
motion proposed by Isaac Newton and Albert
Einstein. Students also read “Mission: Saturn,
Uranus, and Neptune” in the Missions series.

MATERIALS FOR LESSON 15

For the teacher
8 index cards, 3 x 5 in.*

Glue*

marker*

pair of scissors*

pair of indirectly vented goggles*

hole punch

Question H folder (from Lesson 1)*

Explore the Planets CD-ROM

1 Starry Night Enthusiast CD-ROM
Access to a computer lab or computer LCD
projector and screen*
Access to water*

PR R R

=

For each student
1 working copy of Student Sheet 10.1c:
Planetary Chart*

*Needed, but not supplied
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LESSON 15 GRAVITY AND ORBITAL MOTION

F. Repeat Steps A-E to assemble the
second Moon Orbiter.

G. Place one Moon Orbiter, one student
timer, and 25 large steel washers in each
of the two empty plastic boxes (or large
resealable bags) for Inquiry 15.4.

H. Label the two stations Inquiry 15.4.

. Place one copy of the appropriate laminated
inquiry master at each station so students
can refer to those directions instead of their
Student Guides.

. Set up the computer and its projector.
Preview the Introduction in the software
program Explore the Planets (see Getting
Started Step 1). You will use the first 10
slides in that program to introduce the
lesson. Then review the inner solar system
animation on Starry Night Enthusiast

(see “Getting Started” Steps 3-5 for more
details). If you have access to a computer
lab, you may want to have students com-
plete Getting Started in pairs or small
groups.

Getting Started

1. Show students the Introduction from
Explore the Planets. If your program

does not start automatically, select the
Elementary level from your file manager.
Open the application file on the program
and select <Main Menu>. Place an X in
the box marked <Include Text Narration>.
Select <Introduction>. Go through the
first 10 slides with the students. (You can
stop before calculating weight based on

Responses may include the following;

¢ The planets orbit counterclockwise
around the Sun. The counterclockwise
orbit of the planets matches the counter-
clockwise rotation of Earth (and the Sun).

e The planets are not in line with each
other when they orbit the Sun.

¢ The inner planets appear to move in
faster orbits than the outer planets.
(Note that this is particularly evident
between Mercury and Pluto. Students
can also observe orbital velocity on
Starry Night Enthusiast.)

¢ Pluto’s orbit is greatly elliptical and is at
an angle with the plane of the ecliptic (the
orbital plane of the Sun and other planets).
Pluto’s orbit crosses Neptune’s orbit.

To get a better sense of how the orbits of
the inner planets differ, show students the
animated planetary orbits on Starry Night
Enthusiast. (Project onto a large screen, if
possible.) Do the following:

A. From <Favourites> on the main menu,
select <Solar System> and then <Inner
Planets>.

B. Under <Labels> on the main menu,
select <Planets-Moons>.

C. Set the <Time Flow Rate> to “days”
from the <Discreet Time Steps> menu.

D. Click on the <Run Time Forward> but-
ton to watch the planets orbit the Sun.

E. Click and drag the cursor to move the
screen directly over the Sun where you
can view the orbital paths of the planets.

NOTES

e Remove the planet labels during part of this
exercise so students may observe the planets
without being distracted by their labels.

o Starry Night Enthusiast offers additional
files that can be downloaded onto your com-
puter. These files show the planets’ orbits
in greater detail. See the NSRC Web site
(http://www.stems.si.edu) for more information.

gravitational force.)

2. Ask students to make general observa-
tions about the movements of the planets
around the Sun. They may want to
record their observations in their science
notebooks. Discuss them as a class.
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MATERIALS FOR
INQUIRY 3.2

For you and your
computer partners
1 transparency
1 set of fine-point
transparency
markers

LESSON 3 TRACKING SHADOWS

Inquiry 3.2
Collecting Computerized
Shadow Data

PROCEDURE

Open the program Starry Night

" Enthusiast on your computer. Practice
using the program and explore what you
can find out about the Sun, Moon, and
planets using this program.

2. If necessary, open the Starry Night pro-
gram from <Options> on the main menu
and select <Viewing Location>. On the
list of cities, select the city closest to your
home location. Click on <Go to
Location>. If a grassy field is not already
showing, select <Home> on the tool bar.

3. Check the time on your program to make
certain it is the same time as your watch
or classroom clock. If it is not, click on
<NOW3> and the time will change to your
current time.

4 If objects are labeled on the screen, go to
" <Labels> on the main menu and select
<Hide All Labels>.

5 Find the Sun in the sky. If you can’t find
" it, left-click and drag your cursor around
the screen until you find the Sun.

6. What does the Sun look like in the sky on
your screen® In which direction are you
looking? Discuss your observations with
your partner.
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LESSON 3 TRACKING SHADOWS

7 Now set the date and time to June 1 at Run the program using the <Run Time

4:00 AM. To do this, perform the follow- " Forward> button and find the time when

ing operations using the functions on the
tool bar:

A. Set the <Time Flow Rate> to 3000X,
then click on the red <Stop Time>
button.

B. Click on the month and use the up and
down arrows on your keyboard to
change the month to June. (The down
arrow takes you back in time, the up
arrow takes you forward in time.)

C. Click on the day of the month and
enter “1.”

D. Make sure the year is the current year.
If it is not the current year, click on the
year and change it to the current year.

E. Set the time to 4:00 A.M. by clicking on
the hour and entering “4,” then clicking
on the minute display and entering “0.”
If the time is set to “PM,” click on “PM”
and the time will change to “AM.”

Angle of
separation

Horizon
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the Sun is at its highest point in the sky
during the day. You may need to use both
the <Run Time Forward> button and the
<Run Time Backward> button to deter-
mine when the sun is the highest in the
sky during the day. When you have found
the highest point in the sky that the Sun
reaches during the day, do the following:

A.Click on the <Stop Time> button to stop
motion when the Sun is at its highest
point. Then click on the Sun, changing
the cursor to an arrow. Drag the arrow
down to the horizon.

B. Observe the angle of separation displayed
on the screen. What is the angle of
separation (the measurement between
the Sun’s position in the sky and Earth’s
horizon)? See Figure 3.3 for an
example. Tell this number to your
partners and record this information.

Figure 3.3 The angle of separation can be
thought of as the Sun’s apparent position in
the sky relative to the horizon, as viewed by
an observer on Earth.



9.

10.

11.

12.

Click on the <Favourites> tab and then
select <Horizon Shadows>. The screen
will change to a simulation of a landscape
with trees. Set the date and time to

June 1 at 8:00 A.M. of the current year.

Divide your transparency in half as
shown in Figure 3.4, and write 06/01
on the top half of the transparency.

Use the cursor to click and drag the scene
up, so that half of your screen is grass.
Focus on the taller tree to the right of the
“S” (South) compass mark.

Place the transparency on the computer
screen. (Use masking tape to secure it if
you are allowed.) Trace the taller tree
onto the top half of the transparency.

Figure 3.4

the taller tree and its 8:00 A.m. shadow. Label

the shadow 8:00 A.m.

In the top half of your drawing, trace

13.

14.

15.

16.

LESSON 3 TRACKING SHADOWS

On the transparency, draw the tree’s shad-
ow. Mark 8:00 A.M. next to the shadow, as
shown in Figure 3.4. In your notebook,
draw the tree and its shadow and indicate
the date and time as well.

Click on the down arrow on the <Time
Flow Rate> button and then on “hours”
in the <Discreet Time Steps> menu. The
<Time Flow Rate> will display “1 hours.”

Click on the <Step Time Forward> button.
On the same tree on the transparency,
trace the shadow for 9:00 A.M. Draw the
shadow in your notebook.

Click the <Step Time Forward> button
again. Trace the shadow of the tree at
10:00 A.M. Repeat this procedure until
you have traced all of the shadows for the
full day. Label the time for each shadow.
When the shadow is the shortest, measure
the Sun’s angle of separation.

STe/MS™
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LESSON 4 SEASONS ON EARTH

Inquiry 4.2
Observing the North Star

PROCEDURE

1.

2.

50 sTC/MS™

Read “Steering by the Stars.” Discuss
the questions at the end of the reading
selection.

Review the steps of the inquiry, in which
you will observe the North Star during
four different times of the year. Create a
table in your notebook to record your
observations.

Using Starry Night Enthusiast™, set

the computer program to your <Viewing
Location> (use today’s date and your
nearest city). Record the latitude of your
<Viewing Location>. Use the <Status> tab
to find latitude and longitude.

Select <Celestial Poles> from <View> on
the menu bar. Set the <Time Flow Rate>
to 3000X.

Click and drag the cursor around the
screen until you find the labeled North
Celestial Pole.

Put the screen in motion by clicking on
the <Run Time Forward> button. Stop it
when you see the night sky. Move your
cursor over the North Celestial Pole to
see the name of the star nearest the pole.
You should find the North Star, which is
currently Polaris. Use this name in the
title of your table.

Measure the angle of separation between
the North Star and the horizon. Do this
by moving the cursor over the North Star,
turning the cursor into an arrow. Then
click and drag the arrow to the horizon.
Record the date and the angle of separa-
tion in your observation table.

EARTH IN SPACE

8.

10.

11.

Set the sky in motion again by clicking on
the <Run Time Forward> arrow. What
observations can you make about the
apparent motion of the stars? Record your
observations in your table. Explain what
you see and why you think it is happening.

Change the date on the screen to 3 months
from the date of the lesson. Repeat Steps
6-8. Do this for all four seasons by advanc-
ing the dates in 3-month intervals. What
observations can you make about the
North Star and the motion of the other
stars throughout the year? What observa-
tions can you make about the star’s angle
of separation each time? Record the date,
angle of separation, and your observations
in your table each time.

Visit another location (latitude) in the
Northern Hemisphere. What observations
can you make about the relationship
between latitude and the location of the
North Celestial Pole? What does the
apparent motion of the stars tell you
about Earth? In your notebook, write a
short paragraph describing the conclu-
sions you can make from this inquiry.

Visit a country in the Southern
Hemisphere. Find the South Celestial
Pole. Find the “South Star.” What do
you observe? Discuss your ideas with
your group.



Inquiry 4.3
Investigating Seasonal
Variations at Different
Latitudes

PROCEDURE

1.

How can you use Starry Night Enthusiast
to learn more about sunrise and sunset
and seasons at various latitudes? Your
group will be assigned one of the following
places to investigate using the computer:

¢ Viewing location (nearest city)

e Anchorage, Alaska

¢ Quito, Ecuador

e Antarctica (anywhere along 75° S
latitude)

Record your assigned location on both
Student Sheets 4.3a and 4.3b.

Using Starry Night Enthusiast, find the
<Favourites> tab, and choose <Horizon
Shadows>. Then find <Options> on the
main menu and set <Viewing Location>
to the place to which your group was
assigned. Record the longitude and
latitude of that place onto Student Sheets
4.3a and 4.3b, then click on <Go to
Location>.

Set the date on the computer program to
March 21 of this year.

Set the time on the program to 4:00 A.M.

Set the <Time Flow Rate> to 3000X and
watch the screen. Stop the screen when
the Sun begins to rise (that is, the first
moment you see a shadow appear). You
may have to use both the <Run Time
Forward> button and the <Run Time
Backward> button to stop the screen at
the exact time of sunrise.

LESSON 4 SEASONS ON EARTH

Record the sunrise time in Table 1 of

" Student Sheet 4.3a. (If you do not see the
Sun rise at all on March 21, record “0” in
Table 1.) Where along the horizon is the
Sun rising? Record the compass direction
of the rising Sun in Table 1. What is the
altitude of the Sun (angle of separation
between the Sun and the horizon) when
it is rising? Remember, to find the angle
of separation between the Sun and the
horizon, put your cursor on the Sun, turn
the cursor to an arrow, click, and drag the
arrow down to the horizon.

8 Put the screen in motion again.
n

At solar noon (when the shadows are
the shortest for that day), stop the
screen. Find the Sun in the sky. What
is the Sun’s altitude? Record the Sun’s
alttitude and the time in Table 1.
(Record “0” if the Sun does not rise.)

9 Put the screen in play again. Stop the

screen when the Sun begins to set (the
minute you see the shadow disappear).
Record the sunset time. Record the
compass direction and the altitude of
the Sun.

10 How many hours elapsed from the time

of sunrise until the time of sunset?
Calculate the total daylight hours and
minutes. Record the total daylight hours
in Table 1.
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LESSON 4 SEASONS ON EARTH

1 1 Reset your date to June 21. Repeat Steps 12 Use the data in Table 1 to complete the

5-10 and record your data in Table 1.
Then do the same for September 21 and

December 21.

52 sTemMs™

Angle of Separation (°)

907
807
707
60
507
40
30
207
107

graph on Student Sheet 4.3b. Connect
the sunrise, sunset, and angle of separa-
tion points using an arc (curved line).
Use your key to color code each month’s
curve. A sample graph of what the
ecliptic looks like in June at the equator
is shown in Figure 4.6.

[TT T T P T T T T[T T T T T[T TTT]

1 AM. 6 A.M. 12 NOON 6 P.M. 12

MIDNIGHT
Time (hours)

Figure 4.6 Sample graph of the ecliptic for Quito, Ecuador, on June 21
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Getting Started

1.

2.

Review the Introduction section of the soft-
ware Explore the Planets with your class.

Use what you learned from Explore the
Planets to make general observations
about the planets’ motion around the Sun.
Record your ideas in your notebooks if
instructed to do so by your teacher.
Discuss your ideas with the class.

To get a better sense of how the planets’
orbits differ from each other, use the
software Starry Night Enthusiast. Observe
the orbits of the inner planets. Then
observe the orbits of the outer planets.
Record or discuss your observations as
instructed.

Review the objectives of this lesson with

your teacher. Discuss the Procedures and
Safety Tips listed in each inquiry. A sum-
mary of each procedure will be posted at
each station.

Divide your notebook page into quadrants.
Label the quadrants 15.1, 15.2, 15.3,
and 15.4.

Complete all four inquiries in the order
given to you by your teacher. Remember
to return all of your equipment and its
inquiry master to the plastic box or bag
before moving on to the next station.

MATERIALS FOR
LESSON 15

For you
1 working copy of
Student Sheet
10.1c: Planetary
Chart
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