Astrenomy

Scientific Method, Metrics, and Scientific Notation
Practice Problems

1) Metrics:

Make the following conversions:

1) 35 cm to m 2) 145 m to km 3} 54.2 em to km
4) 75 cm to km 5) 200 km tom 6) 1500 km to cm

2) Scientific Notation

Express the following numbers in Scientific Notation

1) 0.0153 2) 412 3) 52833

4) 1013 5) 0.00000180 6) 1960000000000
3) Scientific Method

List the six steps of the scientific method in sequence

1) 3) 5)

2) 4) 6)

4) Magnitude

Choose the smallest number by circling the appropriate letter.
(a) 1.000

(b) 1.0001

(c) 1.00001

Choose the largest number by circling the appropriate letter.

(a) 10-2

(b) 10!

(0 -102 -

6) Sequencing ,

Place the following numbers from smallest to largest. Place your
sequence in a horizontal row, with the smallest number on the left

and the largest number on the right:
0, -15, 10-5, 103, 2.7 X 103, 0.003, 5 X 10-5




English Conversions

1 foot =12 inches
1 vard = 3 feet
1 mile = 5280 feet

Examples:
1) A football field is 100 yards, not including end zones. How many
inches, feet, and miles is that? |

2) My comunute to work is about 3.7 miles. How many inches, feet,
and yards is that?

3) A sheet of binder paper is 11 inches long. FHow many feet, yards,
and miles is that?
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Astronemy Lab

Scientific Method and Metrics

Lab title: How big is the Sun?

Purpose: Practice using the scientific method and the metric system
to determine the diameter of the sun.

Materials: meter stick, 2 index cards (12.7 ecm X 20.32 ¢m and

7.62cm X 12.7 cm), aluminum foil, scissors, tape, and a straight pin.

Hypothesis: The moon and the sun appear to be the same size in the
sky. Are they the same size? Is one larger than the other, and if so,
how much larger?

Procedure:

1) Make a window in the larger index card using the dimensions

shown below in Figure 1.

Fig. 1

2) Cover the window with a piece of aluminum foil. Attach the foil
with tape. Make sure the foil completely covers the cut out window.
3) Using the straight pin, make a small hole in the center of the foil.
Important! Make sure the hole you make is small!

4) Center the large card on the meter stick as shown below in

Figure 2B. Tape it so that it is on the 98 cm mark of the meter stick.



How big is the Sun? {continued) -

5) Draw 2 parallel lines on the smaller card as shown below in Figure
2A. Attach the smaller index card to the meter stick as shown below

in Figure 2B. Do not tape this card, it should be free to slide.

b

e METER
SVIC R

Fig. 2A Fig. 2B

6) Aim the apparatus at the sun with the large card closest to the sun,
making sure that the large card bathes the smaller card in shadow.

7) Sunlight traveling through the pinhole will create a small image of
the sun that projects onto the smaller card.

8) Slide the smaller card so that the image of the sun fills in the two
parallel lines that you drew on it.

9) Record the separation distance between the large card and the

smaller card in the data table under D..

C



Data:

D, D, Dia, . Dia,

'km|m m cm m|cm"kmm

D= Distance to sun=1.5 X 10 km D_ = Distance between index cards

Dia, = Diameter of sun’s image Dia, = Diameter of sun

Results: __
Using the equation shown below, solve for the diameter of the sun.
Before making your calculation, make sure that all of your units are
the same for the three known variables. Show all of your work in the

space below the equation.

D,/D. = Dia,/ Dia, .



Conclusions:

1) Obtain the actual diameter of the sun from your teacher. Using the
equation below, calculate your percent error for the diameter of the
SUr:

Joerror = (Actual) - (Experimental)/ (Actual) X 100%

2) List any sources of error that may have influenced the accuracy of

your results.

3) Obtain the actual diameter of the moon from your teacher and
compare it with the diameter of the sun that you calculated with your

experimental data. How does the two values compare?

4) How did your hypothesis compare to your experimental outcome?

-



SCIENCE IN THE NEWS

1) Find an article from any newspaper, magazine, or internet source
that involves science in the news.

2) Write a 1/2 page summary.

3) On the back of your paper, include 5 bullet notes to help you
present your article.

4) Attach a copy of the article to your paper or list the website.

Presentation:
Using your 5 bullet notes as a guide, simply tell the class about
your story. Be sure to mention the date of the news article.

Grading:
20 points total (2 points extra credit for an astronomy topic)
-2 points if article is not attached or website is not listed
-2 points if summary is less than1/2 page
-2 points if more or less than 3 bullet notes on the back
-2 points if less than 50% eve contact



THE PLANETS

€1, The farths Shape and Gravily

[ Mame Caig

WHAT ARE YOUR IDEAS ABOUT THE EARTH?

QUESTION 1: Why is the
Earth flat in picture #1 and :
round in picture #2? > M
{Circle the letter in front of | i B
the best answer.} PE I

|

A. They are different Earths. _

B. The Earth is round like 3 ball, but pecple live on the flat part in the middle.

C. The Earth is round like a ball, but it has flat spots on it,

D.The Earth is round like a ball but looks flat because we see only a small part of the ball.

E. The Earth is round like a plate or record, so it seems round when you're over it and flat
when you're on it.

QUESTION 2: Pretend that the
Earth is glass and you can look
through it. Which way would
you leok, in a straight line, to
see people in far-off countries
like China or India?

QUESTION 3: This drawing
shows some enlarged people
dropping rocks at various places
around the Earth. Show what
happens to each rock by draw-
ing a line showing the com-
plete path of the rock, from the
person’s hand to where it fi-
nally stops. -

QUESTION 4: Pretend that a -
tunnel was dug all the way M

through the Earth, from pole to “’D N
pole. Imagine that a person (,;

holds a rock above the opening i
at the North Pole. Draw a line : > .
fromtheperson’s hand showing g N o /
the entire path of the rock. \\H,;i rd

Modified and adapted from the February issue of Learning 86, copyright 1986, Spring}:ouse Corporation. l rcl

©I092 by Phe Regents of the Untuersity of Califirnia
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Astronomy

Phases of the Moon

Activity 1: In class

Title: Predicting Phases and Features of the Moon.

Purpose: 1) To draw your mental model of the moon; 2) To infer the
sequence of the moon’s phases bases on observations of lunar photos.
Materials: Lunar photographs, scissors, pencil, tape or glue, and
sheets of blank paper.

Procedure:

Work alone:

1) Close your eyes and create a mental picture that depicts your

image of how the moon looks.

2) On a blank, unruled, piece of paper (supplied in class) draw your .
mental picture of how the moon looks.

3) With no emphasis placed on whether your mental picture is

accurate or correct, compare your picture with your classtnates.

4) Be prepared to share with the entire class and particiiﬁate ina

group discussion on why the pictures vary. '\

Work in small group (2-3 students)

1) Obtain the following: lunar photographs, tape or glue, scissors,
and blank paper.

2) Cut out the photos. |

3) Place the photos in the sequence that your group thinks they
would see them in if they were to observe the moon over a period of

several weeks.,




CUR MaoN's PHASES AND EclipsEs !

—
| A-

i

7. Precicting Phases and Fearures

LUNAR PHOTOGRAPHS

Cut out each picture. Arrange them in the order you would expect to see the moon during
the next several weeks.

From Astriv Act yras © 10G4 Facific Science Center
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Phases of the Meon/Activity 1 (continued) -

4) Once your group is satisfied with the arrangement of the photos,
tape or glue them to the blank paper.

5) Place your lunar photo sequence on a designated wall in the
classroom. The accuracy of your arrangement will not be addressed
until the next activity. The photo arrangement predictions will be

use as a reference for the next activity.

Activity 2: Athome

Title: Observing Phases and Features of the Moon.

Purpose: 1) Make a daily record of moon observations, 2) Use your
observations to refine your predictions and to determine the proper
sequence of the moon’s phases.

Materials: Lunar Observing Record Chart, pencil, binoculars
(optional), clipboard or other firm writing surtace.

Procedure:

Work Alone

1) Begin this activity when the first quarter moon is visible in the sky.

The moon is often visible during the day as well as the night. Use the
pictures at the top of the Lunar Observing Record Chart to see what
the first quarter moon looks like.

2) Go outside and locate the moon.

3) Record the date, time of the observation and draw in the shape of
the moon.

4) Repeat step 3 every day over a four week period.

5) Use your completed product to determine the correct sequence for

the tunar photos in Activity 1.



Qur Mocn's Prases AND EcLipszs |

L A-2 Obsenning Phases andd Feaiures

LUNAR OBSERVING RECORD CHART

Waxing  Waning
Crescent Crescent

Gibbous Gibbous

Directions: Find the moon in the sky. Record the date and time in the box corresponding
to the date. Shade the circle to show the moon’s appearance.

Date Date Drate Date Date Date Date

|

Time Time Time Time Time Time Time

|

——
—

Date Date ____ Date Date Date Date Date
Tirme | Time __ __ Time .| Time Time Time Time
{
Date Date Date - Date Date Date Date
Time Time __ Time Time Time Time Time
Date Date Date Date Date Date Date
Time Time Time Time Time Time Time

From Asiro Adveninyres © 1994 Pacific Science Center
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® Earth’'s Moon

'3 name on the ling benesth Hiw phase showm. Then ansiwer 4.

Identify vach phase of the moor in Figure 1 by writn;

_gquestions that follow on the lines provided.

.- . - - -

2]

What phase cccurs between the full moon and the third quarter?

(%]

What phase occurs between the third quarter and the new moor?

¥y

What phase occurs between the new moon and the first quarter?

5. What phase occurs between the first quarter and the full moon?
[dentify Figures 2 and 3 as lunar or solar eclipses. Then oxplain wiy each tupe of solipse fappens and who would b
able o see the eclipse
o
Umbra e
_‘_'_'_'_,_...--"'_ 1
. Penumtbra
Sun Selar radiation Farth g '
FIGURE 2 T
/j,’—‘”
B - \'. / D \
Sun -~ Solar radiation f://“‘” —.
Moon D —
FIGURE 3~ Penumbra \
6. Figure 2: e
7. Figure 3: -
H
]

e ¥



NAME DATE CLASS.
Ch'alPter 22

s 4 M R h

@ Earth’'s Moon #4
Comparing Eclipses

The follounng observations were made during fwo eclipses. Bameath each skeich, write a number (1 for first ard 5 for
fast) thet shows the order of that observation during the eclipse. Then ansuwer thi guestions. Note that the moom
revolves eastward i its oroil and goes easmvard across the sky during an eclipse,

Total solar eclipse

Total lunar eclipse

: (X
.
1. What makes the shadow during aselereclipse? ___  duning a lunar eclipse?

2. How are the shapes of the moon during partal stages of the above eclipse different from phase

shapes? —

L

Is the east side or the west side of the sun covered first dunng a solar eclipse?
4. Is the ezst side o7 the west side of the moon covered firstina lunarechipse?

Which of the above eclipses helps show that Earth is a sphere? Why? _

()]

6. Whny does alunar ecapse last longer than a solar eclipse? -
)

o
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2 The Inner Planets

In Hhe blank at the left, write the letter of ihe term or phrase that correctly completes each statement.

1 Marsis the planet outward from the sun.
a. third b. fourth
2. Because of similar size and mass, .. is called Earth’s twin.
a. Mars ' b. Venus
- 3 . has great extremes in temperature, —450°C during the day and -170°C at night,
“a. Mercury b. Mars
4 Venusisthe - planet outward from the sun.
a. fourth b. second
e 5. The _ space probes made many discoveries about Mars.
a. Viking b. Muariner

———.. 6. The atmosphere of is mostly carbon dioxide.

a. Mercury- o b. Venus
——._ 7. The largest volcano in the solar systemis ... on Mars.
a. Valles Marineras b. Olympus Mons
8. One astronomical unit (AU) is equal to the'avenge Gistance bet@een the sun and
' ‘a. Earth : b. Mercury
. 9. One astronomical until (AU) equals .
a. 150 million km b. 15 rullion km
___ 10. Water'exists as a solid, liquid, and gas on
a. Mercury b. Earth
— . 11. Polar ice caps are a visible feature of
a. Mars b. Venus
— 12, Mars appears red because of in its rocks.
a. sulfuric acid b. iron oxide
—_ - 13, is the third planet outward from the sun.
a. Venus ' b, Earth
—_ 14 is the larger of Mars’ two mooens.
a. Phobos . Deimos
e 15 The space probe mapped the surface of Venus.
a. Magellan b. Mariner




2 The Outer Planets

Decide if a statement is true or false. If false, change the italicized word or words to imake the statement corvect and
write your answer in the blank. If the stafement is correct, write “frie” i1 the blank,

1.

13,

1z

13,

14.

il

Ganymede, the largest satellite in the solar system, is one of Neptune’s
16 moons.

All of the outer planets except Fluto are large and gaseous.

. Neptune is the only planet that rotates on an axis parallel to its orbit.

. The largest of Saturn’s moons, Charon, is larger than Mercury.

Io is volcanically active because of Jupiter’s gravitational force.
Saturn is the largest planet and the fifth planet outward from the sun.

Much of the information about the outer planets was discovered by the
Viking space probes.

Uniike the other outer planets, Pluto has a solid, rocky surface.

. Uranus is the sixth planet outward from the sun.

. -

A large swirling storm on Jupiter is called the Titar.

Fluto is not always clesest to the sun because its orbit crosses

Neptune’s orbit.
Charon and Pluto are sometimes called a double planet. - : .
Saturn 1s known for its rings and its very low density

The blue-green color of Uranus and Neptune is caused by carbon
dioxide in their atmospheres.

. Neptune is usually the eighth planet outward from the sun.



o8 semeone 1o visii 2 |

Yee gzl L A
FES WG LD

and thr

s and

 panel

imagis

Twoy

Mo
i Not 38




Astronomy

Moons of Jupiter

Activities

I. Tracking Jupiter’s Moons

In this exercise you will be simulating Galileo’s observations of

Jupiter’s most prominent moons made over 400 years ago.

(a) In the first paft of the activity, you will be responsible for
tracking only one of the four Galilean moons. Your teacher
will devise a strategy for dividing up the moons among your
classmates.

(b) You will be observing a series of slides that will show the
configuration of the moons over a nine day period, each slide

representing a single night. The moons have been colored so
that you can tell them apart. Once you have been assigned a
moon, write down its color at the top of the sheet entitled
‘Tracking Jupiter's Moons.

(c) Notice the numbers on the slide entitled ‘Night 1.” They indicate
the distance from Jupiter in millions of miles. The negative
number means to the ‘left” and the positive number means to
the right of Jupiter.

(d) Find your moon in relation to Jupiter in the slide for Night 1.
Place an’X’ on the sheet on the "Night 1’ line to show the position
of your moon as you see it in relation to Jupiter.

(e) Repeat this process for all nine nights. Connect the X’s for each

successive night with a straight diagonal line.



Mame

Fyou maen TRACKING JUPITER’S MOOM~

-2 -1 1 2
Night 1 i | } }
2 -1 1 2
Night 2 } ! || f
2 -1 1 2
Night 3 { f } |
2 -1 1 2
Night 4 i ! i {
-2 -1 1 2
Night 5 ‘| || } }
2 1 1 2
Night 6 Il {
2 1 1 2
Night 7 { |
-2 -1 1 2
Night 8 ]l I ; {
2 -1 1 3
Night9 | | | .
| | | T e
Activing 1 Lawrence Hall of Science

© 1993 by the Regents of the University of California




Name

oo TRACKING JUPITER’S MOONS
-2 -1 1 2
Night 1 { { { {
- - 1 2
U | |
Night 2 | ! | |
2 -1 1 2
Night 3 { { { {
22 - 1 2
Nahta ]|‘ | |
2 -1 1 2
i | | | |
'ghts | | |
' -2 -1 1 2
Night 6 } | } } }
-2 -1 1 2
Night 7 { { { {
2 -1 1 2
Night 8 ! } } 1
2 | 1 1 2
i [ | |
Night 9 F, { | .

Lawrence Hall of Science
Activity 1 ©1993 by the Regenis of the Urniversity of California



Moons of Jupiter - Achivity L. Tracking Jupiter's Moons {continued) -

{f) Your teacher will now show the same series of slides again. This
time track all 4 of the moons on the other sheet entitled “Tracking
Jupiter’s Moons’ included in this workbook. For each night you
will make a mark for each moon. Make sure you make distinctions
among them by either labeling or color coding.
(g) Atfter viewing all nine nights for the second time and tracking all
four moons, look at your data and determine how long each
moon takes to revolve around jupiter. Enter your results in the

table below.

o o o ~ I" Number of days

Color of Moon Name of Moon to revolve around
Jupiter
R B s . - -
Yellow Europa ) J
Blue Ganymede ) |
" "White Callisto B
Analysis:

1} Which moon is the furthest from Jupiter? The closest?

2) What is the relationship between distance and revolution?

3) Why is it that the moon that is the furthest out appears to be closer
than Europa on Night 5?

4) Why do you think that Galileo’s discovery of the moons of Jupiter,

almost 400 years ago, was so important?

A

.



Moon's of Jupiter (continued) —

11. Grand Tour of the Jupiter System

In this activity you will continue your exploration of Jupiter’s

Galilean moons by studying close-up photos taken by the Voyager

spacecraft.

(a) You will be viewing 10 slides of the Jupiter system. The first two
slides are of Jupiter. The next eight images, 2 for each moon,
details of the Galilean moons.

(b) When you view the two slides for each moon, write a brief
description of what you observe on the data sheet entitled ‘Grand
Tour” for that moon.

(¢) After you write your description of the moon, draw, as
accurately as possible, the main features on the moon. In
addition to the information provided on your data sheets, your
teacher will supply some information that will be useful.

(d) Be sure that you make distinctions between evidence (what you
actually observe) and inference (what you conclude from the
evidence).

Unsolved Mysteries:

The answers to the questions below remain unanswered. With one

or two classmates, develop an explanation for each, and also supply

your reasoning for your ideas.

1) If Callisto’s Valhalla is an impact crater, why doesit havea
multiple ring structure unlike other craters? |

2) How did the grooved terrain on Ganymede originate?

3) Why is Europa so smooth?

4) Why doces lo have so much sulfur?

oy et

et b -y



1953 Jan, 17 a

Name Pate

Grand Tour

Ca“iSiO 1. tmpact craters cover much of the
surface of Callisto.

2. The bright spots are probably ice
exposed by the impact of large
meteors.

3. The largest crater is called
Valhalla. The bright area is 300
km in diameter, and the largest ring
around Valhalla is 3,000 km in
diameter.

4. There are no tall mountains and
no volcanoes on Callisto.

Ganymede

1. Galiteo Regio is a dark area,
probably very old.

2. Bright impact craters probably
reveal ice under the rock.

3. Light brown areas show long
ridges of mountains and valleys in
close-up views.

Note: jupiter's moons are drawn to scale.” 5
Scale: 1 cm = 500 km (>

© 1993 by the Regents of the University of California.
LHS CEMS—The Moons of Juptier

Adiviy ¢



Name Date

Grand Tour

Europa
1. The slightly darker region may be a little rougher than
the rest of Europa’s surface.
2. Fine lines on the surface appear to be cracks, but are
not very deep. No one knows for certain what they are.
lo

1. Pele is an erupting volcano. The heart-shaped marking
is the cloud of material being thrown out by the volcano.

2. Loki Patera is a volcano surrounded by a dark lake of
liquid sulfur. Babbar Patera is another volcano that was
erupting when the Voyager Spacecraft flew by.

4. A close-up view shows a volcano erupting on the
horizon. The material from the volcano is ejecting in a
¢loud more than 200 kilometers high.

Compare the
size of Jupiter’s
r> moons to the
size of the
United States.

All are drawn
to scale,

7T 1 ¢cm =500 km
Sk

= o
S

©1993 by the Regents of the University of California.
LHS GEMS—Thre Mooms of fupiter




Moon's of jupiter {continued) ~

1. Creating Moon Settlements

In this activity you will work in teams, four students to a team, to

design settlements where the first explorers of the Galilean moons

might live and work. Each moon has its own settlement and scientific
objective that will guide your thinking and design strategies.

Each student should have a piece of posterboard, cardboard, or piece

of foamcore that measures about 24” X 36”. This will provide the

base upon which you will build your moon settlement.

(a) Materials for the settlements will be brought to class by you and
your classmates (see the list of things to bring) and distributed

by your teacher.

(b) Before building your team’s settlement, examine the surface
conditions and ask yourselves what would be necessary to live
there. Also look at your settlement and scientific objectives to
help you decide how to develop your moonbase.

(c) When you have completed your settlement, each member of your

group will go before the class and give a presentation. The report
should take the form of a tour of the facilities and should address

the following:

What is special about this moon?

What were the settlement and scientific objectives that you had?

]

How does your settlement take into account what you know about

this moon?

What types of functionality did you build into your moonbase.
What do think it would be like to live in this settlement?

ey

. }J




Scientific Mission to o

Background:

(o is one of the strangest bodies in the solar system. its volcanoes erupt various
compounds of sulfur that have the striking colors of: red, orange, yellow, black, and white.
There are about 200 volcanic craters with diameters greater than 20 kilometers. Nine
eruptions were recorded by the two Voyager fly-by missions in 1979. Some of the plumes
were hundreds of kilometers high. The sulfurous lava flows are hundreds of kilometers
fong.

There are two theories about why 1o has so many volcanoes. One is that it is
pushed and pulled by Jupiter’s strong gravity, causing it to heat up as it orbits. (This is like
the way a paper clip heats up when you bend it back and forth many times.) The other
suggests that the heating is caused by Jupiter’s strong magnetic field.

Your Scientific Objective: Use an all-terrain electric vehicle to explore volcanoes.
Be careful! They are thought to be very hot and may erupt unpredictably.

Your Permanent Settlement Objective: Import water from Europa. Develop a
systemn for using heat energy from the volcanoes to turn the ice into water for drinking,
oxygen for breathing, and hydrogen for fuel.

Don’t forget about conditions like:

o Low gravity {1/3rd to 1/6th the gravity of Earth)

» Bitter cold temperatures (-100°C to -200°C}, except in lava lake and volcanoes,
where temperatures can be well over 70°C (160°F)

e Exposure 1o cosmic rays and radiation

No liquid water
e No air
Little sunlight {1/25th as much as on Earth)

[ ]

Good Luck!

e
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