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Name

Period:

WORKSHEET

DEATH OF THE DINOSAURS

65 millions years ago, dinosaurs ruled the Earth. They were found at nearly all locations
on Earth and in many shapes and sizes. We can tell this by looking at fossil remains of
dinosaurs. However, no evidence of dinosaurs have been found in rock layers from less

than 65 million years ago. At the same time mammals and birds exploded in numbers in

the years after 65 million years ago. How can we explain this? What happen to the

dinosaurs?

The following data represents the rock layers found at different parts of the world during
The numbers represent their average thickness.

different times in the past.

Location Carmel CO | Raton Basin, | Arroyo El Beloc, Haiti | Carvaca, Gubbio,
NM Mimbral, Spain Italy
Mexico
38-53mya sandstone unknown marl (2) limestone unknown unknown
(2) (2)
54-64mya coal (2) coal (2) shale (1) sandstone sandstone sandstone
(2) (2) (2)
65mya clay/quartz clay/quartz clay/quartz clay/quartz clay/quartz clay/quartz
(1) (3) (8) (6) (1) (2)
66-143mya | shale (2) sandstone marl (1) limestone marl (3) shale (1)
(5) (2)
144- marl (3) sandstone unknown limestone marl (2) unknown
213mya (2) (1)
Sandstone clay/quartz coal shale limestone mari
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The table below shows the levels of iridium in a sample taken from Carisbad, New Mexico.

Please graph this on the paper below.

Depth below surface (meters) Iridium Abundance (ppb)
0 0.00
50 0.00
100 0.00
111 0.50
113 1.00
115 0.50
119 13.5
120 0.50
122 0.25
128 0.25
132 0.25
135 0.00

Depth Below the Surface (m)
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What element is the most likely one from the list above to match this data?

Abundance of Iridium in Geologic Formations

Location Iridium Abundance (PPB)
65 million year old layer 0-50

Earth’s surface 0.02-0.2
Earth’s core 1000
Martian rocks 0.2

Moon rocks 0.1

Metallic Meteorites 1000

Metal rich asteroids 500-1000

List the three most likely sources for the amount of iridium found in the 65 million year
old layer.

1)

2)

3)
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slobal Warming
& (teenhouse Effed

Grades 7-10

Skills
Observing, Measuring, Recording Data, Interpreting Graphs,
Experimenting, Drawing Conclusions, Synthesizing Information, Role-Playing,
Using Simulation Games, Problem Solving, Brainstorming Solutions, Critical Thinking

Concepts
Atmosphere, Visible and Infrared Photons, Greenhouse Effect,
Sources of Carbon Dioxide, Climate and Weather, Effects of Climate Change,
Molecular Model of Heat, Interaction of Energy and Matter

Themes
Systems and Interactions, Models and Simulations, Patterns of Change, *
Stability, Matter, Energy, Evolution, Structure, Scale, Diversity and Unity

Mathematics Strands
Number, Measurement, Logic and Language,
Statistics and Probability, Function, Algebra

Nature of Science and Mathematics
Scientific Community, Science and Technology, Changing Nature of Facts and Theories,
Creativity and Constraints, Theory-Based and Testable, Cooperative Efforts,
Objectivity and Ethics, Real-Life Applications, Interdisciplinary

by
Colin Hocking
Cary Sneider
John Erickson
Richard Golden

Great Faplarations in Math and Science (GEMS)
Lawrence Hall of Sdence

Unéversity of California at Berkeley




What You Need
For this session, you will need all of the materials prepared

for Session 4 plus the items listed below. Items from Session 4
are marked with an asterisk. '

For the class

*Q 1 box of baking soda
*Q 1 gallon of dilute BTB

*Q 1 air pump
Measuring Cup *Q 1 gallon bottle white vinegar o
or Graduated Cylinder *Q 1 graduated cylinder or measuring cup
Q lcar
Q 1 manila folder

Q 1 roll of masking tape or duct tape
Q 1 chalkboard or butcher paper and marker

Automobile

Baking Soda

un
Lol

BTB Solution
(1 Gallon)

Manila Folder
Vinegar
(1 Galion)

Air Pump

78 Session5



Four Gas Samples: Observation Sheet

" Collect all four samples of gas before making any tests. Each sample should be sealed in a
balloon with a twist-tie. Make sure each balloon is a different color and each balloon is at least
three inches wide. Record the colors of the balloons and their contents on your data sheet.

Test each of the samples for carbon dioxide as follows:

1. Do not touch the first twist-tie yet. Tightly tie another twist-tie over the balloon’s
neck and seal it around one end of a drinking straw.

2. Slowly loosen the top twist-tie and adjust the size of the balloon by letting gas es-
cape. It should just fit through a ring three inches wide.

3. Bubble the gas that is left in the balloon into one of the cups of B1B. Work together
to make it easier to hold the balloon and the straw while controlling the bubbling.

CARBON DIOXIDE Place each of the cups of BTB

‘ | . : ' EXHAUST FROM
Collected from a reaction J| Soiution, along withacontrol,  §  gypNING FUEL
of 30z vinegarwith g in the spaces below for com- " Collected from
4 tsp. baking soda parison. Record your observa- the tail pipe of a car
tions on the data sheet.
CONTROL

HUMAN BREATH
Collected from
a student’s lungs

AIR
Collected from
an air pump

Cyr oF EZTH

May bo Duplicatad far Cluassesan Use

EB Session 3 £1930, 1997 by the Regents of the University of California

LHS GEMS=Global Warming & the Greenhouse Effect
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Getting Ready

Before the Day of the Activity

Opening must be large er-ough
to fit over an exhaust pipe.

e

\ “
ﬂ " \. o —
Opening must be small enough
for balloon to fit over.

Uslngmofunnelyoumldowmamanlhm

On the Day of the Activity
1. Park the car within close walking distance of your class-

1. Use a car with a round exhaust pipe (square tail-pipes are

difficult to seal). Prepmacomforeouecﬁngwexhaust
by rolling upamanilafolderthelong way. One end must
be larger thun Ui vpesing of a car's tail pipe, and tho
otherendmustbesmllmoughforabanoonto fit over it.
Useplauyoftapewholdthecominsha;xandtomake
the sides of the cone airtight. Trim the ends of the cone
with scissors if necessary. Make a spare cane and have
tape, folders, and scissors on hand when you collect the
gas. Pracﬁneﬁnh\gaballoonwithcarexhaustbefom
class. Appmachtheaxhaustpipeﬁomdmsideandhold
yourbmthwhenﬁningtheballoonssoyoudonotinhﬂe
the gases.

Make one copy of the two-sheet homework assignment:
«Carbon Dioxide In the Atmosphere: Who Contributes
and How Much?” and the data sheet for each student (see
pages 89-91). Make uic wpy of Lhe observation sheet for
each group of four students (see page 88).

room. Preferably, the class should not have to cross 2
street to get to the car. Decide where the students should
stand to watch you collect the gas samples so they

can see what is happening, but are not in traffic.
Since auto exhausts contain toxic gases, the
students should stand back far enough so they do
not have to breathe in car exhaust.

2. Assemble the equipment that each student team
will need, as in Session 4, using trays for easy
distribution. Use the amounts indicated above for
this session.

3. Have the air pump available to be passed around
from group to group.

and lape, practice filling the balioon from the car

axhaust pipe.

-~

@‘) Session 5

7(



Carbon Dioxide in the Atmosphere:
Who Contributes and How Much?

Carbon dioxide added to
the atmosphere by industry in 1992
22,339 million tons

Millions of tons of CO, —

Unlted China Russian Japan Germany
States Federation

World population in 1992
5,420 million

5% | 3%
256 ' 150
[:'
United China Russianr Japan Garmany india All Other
Siates Federation Countries

2% 1%
124 80

Millions of people ====p

Source: World Almanac 1993

May be Duplicated for Classioom Use C Session5 91

©1990, 1997 by the Regents ot the Unuversity of California
LHS GEMS—Global Warming & the Greenhouse Effect
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13.2 Detecting Air Pollution: Instructions

In this activity, you will be making particulate collectors to test for the presence of particu-
lates in various areas of your community. Each student should make at least one particulate
collector. When you place your detector(s), be sure to record the information on the top part

of the data page.
To make your particulate collector:

1. Attach a 1" (2-3 cm) piece of masking tape to
the narrow side of a 2.5" x 3" card provided by
your teacher. Use a hole punch to make a hole
in the masking tape. The hole is for attaching a
string with which to hang the card if it is not
attached with push pins or tape. The masking
tape will reinforce the hole.

2. Use a PENCIL to write the following on both
sides of your card(s):

“Please do not disturb. Air pollution experiment
in progress. Thank you!”

3. Use the pencil to write your name on the card. If
you are placing more than one card, number each
one so that you do not get them mixed up.

4. Use the pencil to draw a 2 cm X 2 cm square on
one side of the card. Use the pencil to divide the
square into a grid of squares with 0.5 cm sides.

5. EITHER:

place it in the community.

or

*1

masking tape

PLEASE DO NOT DISTURB!
Air pollution experiment

in progress.

John Q. Student

THANK YOU!

a. Place a small amount of petroleum jelly in the middle of the square. Use your
(clean) finger, a clean toothpick, or the edge of a card to spread the petroleum so
that it forms a thin, even layer over the square. Carry your pollution detector in a
small box so that the petroleum doesn’t get smeared or contaminated before you

b. Obtain a small amount of petroleum jelly in a piece of foil or plastic. Apply the jelly
as above when you place the card in the community. ’

6. Obtain push pins, masking tape, and/or string to use to place the pollution detector(s) in

the community.

7. On the assigned day, place your collector(s), recording the appropriate data.
8. On the assigned day, bring your collector(s) to class, again recording the appropriate

data.

9. Use magnifying lenses or microscopes to examine the particulates collected.

10. Record your observations on the data table.

A4 >
/
2cmx2cmgrid ' covered with
a thin layer of petroleum jelly o
a
’c (TS Mk,L\ae, ’
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13.3 Detecting Air Pollution: Questions

1. What are “particulates”? (Define and give several examples.)

bbb

NN sy hmed DEEN RON BuRN NN
/
<

N

2. What is the major single source of outdoor air pollution in the United States?
>y
1
l 7 3. List the major stationary sources of air pollution in your community. For each one, list
—— one thing that you could do to reduce its air pollution.
1. -
W ‘é’
l : é source something that | can do ~
=
3
.:%
7.\ ‘§
I
=1
:.3 Q: 4. Describe several things that you as an individual can do to reduce air pollution from
l . & transportation. Circle those that you are now doing or are willing to do.
= oz
e
&
L IS —
(=]
>
L BN
S 5. Some people feel that what they as individuals do is not important, that they cannot do
.‘;‘~v

much to address major problems such as air pollution. Others say that the problems are
caused by individuals and that individuals can work together to address the problems.
Individuals can change buying habits, which will then change the habits of industries;
they can drive more fuel-efficient cars that pollute less; they can save energy; and they
can enact and enforce laws. What do you think—can the individual make a difference?
Why do you think as you do?
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14.1 Acidic Precipitation: Background Information

When air pollutants such as sulfur dioxide (SO,) and nitric oxides (NOy) are released into the
air, they do not just “go away.” They are carried by air currents and can chemically react with
one another and with other chemicals in the air. They can form nitrogen dioxide (NO,), sul-
furic acid (F,S0,), nitric acid (HNO,), and solid particles of sulfates and nitrates.

Many of these chemicals can be dissolved in rain water, Snow, sleet, fog, and dew. When
this polluted water falls to Earth, it is called “acidic precipitation” or, more commonly, “acid
rain.”

Acidity is measured in terms of pH. A low pH value indicates a high acid content in the
substance. Each whole number on the pH scale represents an increase or decrease by a factor
of 10. Thus, a substance with a pH of 5 is ten times as acidic as one with a pH of 6.

Acidic substances have a pH less than 7. Basic or alkaline substances have a pH of be-
tween 7 and 14. A pH of 7 is neutral, neither acidic nor basic. Pure water has a pH of 7. The
accompanying table gives some approximate pH values of common substances.

Natural precipitation has an average pH of about 5.1 due to the presence of carbon
dioxide and other naturally occurring atmospheric chemicals. This slight acidity is useful be-
cause it helps dissolve soil minerals that plants need.

Even precipitation with a pH of less than 5.0 can be harmful. It can cause too many
chemicals to dissolve from the soil, thereby polluting water. The precipitation itself may be
acidic enough to cause damage. It damages trees, crops, paints, buildings and, other struc-
tures such as monuments (especially those made from marble), artwork, tires, and it may
even be dangerous to health.

The SO, emissions and NOy emissions come from a variety of sources. In the United
States, coal-and oil-burning power plants are major sources. So are industries that burn coal
and oil. The northeastern United States and southeastern Canada have very high acidity in
the precipitation, in the range of a pH of 4.2 to 4.4. Much of the Canadian acidic precipitation
probably originates in the United States and is carried into Canada by the prevailing winds.
This is a cause of some animosity between the United States and Canada. In some areas
where coal and oil are not heavily used, automobile exhaust is a major source. This seems to
be the case in southern California.

The type of soil upon which the acidic precipitation falls is an important factor in deter-
mining how much damage will be done. Some soils, such as those with limestone or other
basic substances, can react with the acids to partially neutralize them. Other soils, such as
granitic and some types of sandstone, do not have this neutralizing capability. Such soils are
very susceptible to damage by acidic precipitation.

While a pH of 4.2 or 4.3 may not seem very harmful, it is important to consider the
effects of exposure over extended periods of time. Even slight changes in pH can have disas-
trous results, especially in aquatic ecosystems.

—
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14.3 Acidic Precipitation: Questions

1. How are the types of rocks that you tested used by people?

! , 2. What implications do your observations have for builders?

3. Many of the chemicals that form acidic precipitation are produced at power plants. If we
save energy, less coal or oil needs to be burned, so there will be less of these acid-produc-
ing chemicals discharged into the air. List several ways that you can save energy.

4. List several economic advantages and disadvantages of reducing acidic precipitation by
installing equipment on power plants.

5 List several other causes of acidic precipitation besides power plants.

6. In addition to saving energy wherever possible, what can you do to reduce acidic precipi-
tation?
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PRE LABORATORY WORKSHEET

ROCKAWAY HURRICANE

READING ASSIGNMENT

In this laboratory we will look at the consequences of a landfall of a major hurricane in the
New York metropolitan area. While these events occur about every 70 years, the
consequences could be catastrophic. In 1938, a major hurricane destroyed much of
eastern Long Island and New England, so we could have another hit any year now.

Hurricane Structure

A hurricane is an intense low pressure system of tropical origin. While the storm forms in
the tropics, it can be transported into subtropical and temperate areas depending on the
steering winds. Steering winds are typically 10-20 miles per hour East (Trade Winds) in
southern areas and 25 miles per hour and about West (Westerlies) in areas north of
Georgia. These winds determine the rate of progression of the storm system. At the
center of a hurricane is an area of low pressure and caim called the eye. The section
beginning at the edges of the eye is the eyewall. The strong vortex winds in the eyewall
move counterclockwise around the eye. At some distance from the eye center, the radius
of maximum winds, where the highest winds (and surge levels) are found. Hurricane force
winds (> 74 mph) can persist 75 miles from the eye center. A belt of gale force winds
(>34 mph) may extend 125 miles or more out from that point.

The most dangerous part of the storm is the right (looking forward) front quadrant. Here
the vortex and steering winds are moving in the same direction, and the velocities can be
added in part. Thus a storm moving 30 miles an hour with vortex (sustained) winds of
100 mph may have an effective wind velocity up to 130 mph on the right side.

The first rule in emergency management is that evacuation much be complete before the
onset of gale force winds (typically 3-6 hours before the arrival of the hurricane force
winds). When gale force winds arrive, water levels rise enough to flood low points on
evacuation routes and trees start to topple down across roads. Boats are no longer useable

in gale force winds and extensive tree and structural destruction begins at wind speeds of
60 mph.
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C.

D.

E.

Saffir Simpson Scale

Eyewall

Vortex Winds
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2. Peninsula Hospital (B52-B54) on Averne.

3. Base on the wind speeds of actual hurricanes below, estimate the amount of water
(storm surge) that was found when the hurricane came ashore.

HURRICANE WINDS(MPH) STORM SURGE (FT.)
Andrew (1992) 120
Bob (1991) 85
Camille (1969) 165
Storm of 1938 85
| Hugo (1989) 125

4. Power Plant along the Motts basin near the NYC-Nassau Company border.

5. Solid waste landfill (bulkheaded on the water side) on the peninsula north of B63

Street)
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The Goddard Institute for Space Studies(GISS) located here in New York City, an adjunct
of Goddard Space Flight Center, has a program involving CUNY college and New York
City public school teachers and students in research and education related to climatology
and meteorology. A major component of the project is the development of an Earth
Science curriculum using Web-developed resources.

To support the research/education efforts for the individual campuses and colleges, we also
secured a large grant from MUSPIN/NASA- at Goddard Space Flight Center. This grant
enables us to provide resources for technology and applications related to NASA’s overall
strategic enterprises. The geographic region we were assigned in the Northeast.

The weather project is a merger of the two projects. While schools can assess NASA and
other datasets using the Internet, we also wanted to show that they can use the Internet in
more creative ways as well - to create, share and analyze local weather data. We felt that
this would provide a stimulating way to support science classes that include weather-related
material and that there are a number of interesting problems that students could study
based on the local weather patterns they observe. (There are a number of applications
here and some are directly related to significant research).

We have identified schools in New York City that are getting set up now but felt that good
signatures of this area would necessarily involve schools in Long Island, New Jersey and
Connecticut. Teachers seem to be really excited about using this not just in science classes
but also in math and technology-related classes as well. After talking to Donna, a
partnership with Cablevision’s schools seemed ideal because CV is serious about
educational content and already has related material.

We (actually the schools) set up local weather stations. There are linked to a PC as well as
pushed to a central server for area sharing. Students have an opportunity to focus on their
local weather and weather in wider areas. We are really working on the development of
software for this project so that the Web-based interface has broad data manipulation,
analysis and visualization capabilities. We want to make the data available in real-time as
well as archival storage for downloading. We are also going to be working with GISS to
broaden the overall weather picture, having overlays of satellite, radar and other data
available. (This can be really exciting when we have some major storms)

We are using the Davis Weather Monitor Il and are supplying it at no cost to schools
participating in the first phase of this project. This is a popular low cost weather station
used in a number of schools and other institutions. It also includes some pretty good
software for plotting the data. (The software is not, however, networkable so | am
completing some Java appilets so that if teachers want to have the data available in their
labs, their local Web severs can be used for student access) There are a few other similar
projects | have seen and students would also have the ability to do wider comparisons. This
kind of project also opens up a lot of paths that students can explore.
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Look Up!

This sky awareness program will inspire educators to greater heights. Test your knowledge of the
sky above us and learn the answer to the age old question, “why is the sky blue?” Those wishing
inspiration for teaching and learning need look no further than the sky for a treasure of cross-
curricular activities. Get ready to set a course for sky exploration!

Weather Focus

See what aspect of weather we are focusing on this season! Chosen with the student and educator
in mind, these sites let you zoom in on the most fascinating phenomena of the global weather
machine. Some of the areas spotlighted include EI Nino, tornadoes, and hurricanes.

Teachers Resources

The Weather Channel has some great ideas for teaching and learning about the weather through
various means. Explore our interactive CD-ROM, “Everything Weather,” or find out how a
hurricane is created in our comprehensive Storm Encyclopedia.

Weather Glossary

Curious to know what an Alberta Clipper is? Our Weather Glossary has over 800 terms to help
you out. Ever wonder about becoming a meteorologist? How about making your own weather
station? There are many exciting ways to discover the hows and whys to weather.

Cable In The Classroom

Cable in the Classroom Comes Home encourages parents--and anyone who cares about education--
to volunteer to help schools by videotaping Cable in the Classroom programs so that teachers can
use them in the classroom.

Project SkyMath: Making Mathematical Connections Using the Science and Language of
Patterns to Explore the Weather.

http://www.unidata.ucar.edu/staff/blynds/Skymath.html

Note: this could be adapted for high school or science courses

SkyMath: “Making Mathematical Connections, Using the Science and Language of Patterns to
Explore Temperature, “ is a comprehensive six-week module for the middle school mathematics
classroom. It uses current environmental and real-time weather data to promote the learning of
mathematics.
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P ACTIV

AIM: How can we determine Kepler's Second Law?

PROCEDURES:

1. Group students into cooperative learning teams of 3-4.

2. Look at the diagram of a planet’s orbit as it follows an elliptical path around its sun. The
sectors labeled with capital letters represent areas of the ellipse that are “swept out” by
the planet while it travels in its orbit. The sun is at one of the focal points of the ellipse.

3., Count the number of squares within each of the sectors of the ellipse. Estimate the size
of incomplete squares, for example, 2 half squares equal 1 whole square. Write your
number of squares in the spaces below: ;

Sector AB has squares Sector EF has squares
Sector CD has squares Sector GH has squares

4. How do the number of squares in EACH sector compare with one another?

5. The number of squares inside the sector is a measure of the area within that sector. How
do the areas of the sectors compare with one another? -

6. The Planet ZORG takes four months to travel along its orbit from A = B. it also takes four
months to travel from C =» D and from E = F and from G = H. Write a statement which
compares and relates the time of travel of the planet with the area of the ellipse covered

during that time for each sector.
’

7. Notice that at Position 1, the planet is much farther from its sun than at Position 2. Using
a string and a ruler, measure the distance along the ellipse from A to B and from E to F.
Use a scale of 1 cm - 100,000 km. Write your answers below:

Distance from A to B- cm- km
Distance from E to F= cm- km

Remember, we know the planet takes the same amount of time in moving from A to B and
from E to F. Calculate the velocity (speed) of the pianet at Position 1 and Position 2. We

can do this by using the formula:

VELOCITY = DISTANC
- TIME

Speed of Planet at Position 1 = km/month
Speed of Planet at Position 2 = km/month

225



SAMPLE ACTIVITY
FINGERPRINTS OF THE ELEMENTS

How do astronomers know what the sun and other stars are made of?

CONCEPT: Each element, when “excited” by additional energy, produces a
characteristic spectrum that is different from the spectrum of all other
elements.

SKILLS:

» using laboratory equipment
» observing and evaluating observations
» drawing conclusions

MATERIALS:

Per person: spectroscope
Per Lab Group: Bunsen burner, matches, porcelain depression plate, dropping

bottles with concentrated solutions of: Lithium chloride (LiCl), sodium chloride
(NaCl), potassium chloride (KCl), calcium chloride (CaCl,), barium chloride
(BaCl,), strontium chioride (SrCl), copper chioride (CuCl,), unknown solution,
nichrome wire loop, and a small beaker.

* Teacher Note: unknown solution should be one of the seven known
solutions.

Per class: Spectrum chart, gas discharge tubes of: mercury (Hg), hydrogen
(H,), helium (He), neon (Ne), gas discharge tube apparatus, Petri dish bottom,
mossy zinc, bottle of 6M HCI, solid Li Cl, scoopula, Bunsen burner, matches
sodium (Na), and vapor lamp, if available.

BACKGROUND:

Helium was not originally discovered on Earth, where it is present in trace
amount, but on the sun, which is 25% helium, by mass (The Greek word for
“sun” is helios). Astronomers identified the element by analyzing light coming
from the sun with a spectroscope. This is a simple instrument that separates
the light emitted from a substance into specific wavelengths. These wavelengths
are displayed as colored lines against a dark background. Such display is called
a bright-line or emission spectrum.
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C - Bright-Line Spectrum (Students work individually.)
1. Using the gas discharge tables at the teacher’s desk and your spectroscope,
observe the spectrum of:
(a) mercury
(b) hydrogen
(¢) helium
(d) neon
(e) sodium (if a sodium vapor lamp is available). Record what
you see on Table 2.

2. Using your spectroscope, observe the spectrum of lithium produced by the
flame test at the teacher’'s desk. Record what you see on Table 2.

Teacher note: Do the flame test by:
(a) half-filling the bottom of a petri dish with 6M HCI.
(b) dissolving a scoopula-tipful of LiCl in the HCI
(c) adding a piece of mossy zinc.
(d) support the Bunsen burner on top of the Petri dish. Turn
on the gas and light the burner.

Burner -

Petri dish

Mossy Zinc
SMHCL
LiCL

The effervescence will cause Li * ions to be carried up the barrel of the
burner, producing a continuous red flame that students can easily observe
with their spectroscope.

3. Compare your bright-line spectrum with those shown on the Spectrum
Chart.
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EXTENDING THE CONCEPT:

The sun and other stars do not produce a bright-line or emission spectrum. They
produce a dark-line or absorption spectrum. (a) What is an absorption spectrum and
how is it produce. (b) What would an absorption spectrum of hydrogen look like?

DATA TABLES

TABLE 1

Metallic Element in Compound Flame Color

sodium

barium

calcium

copper

potassium

strontium

lithium

Name of Unknown Element:

TABLE 2

Lamp Spectrum

sunlight

sodium (if available)

mercury

hydrogen

helium

neon
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Technology Resources

Thesc are just a few of the many Web sites that are available. The list of Astronomy
multimedia products and Web sites is endless.

Hands on Universe (HOU)

http://hou.lbl.gov/

Using the Internet, HOU participants around the world request obscrvations from an
automated telescope, download images from a large image archive, and analyze them with
the aid of user-friendly image processing software. Hands-On Universe (HOU) has
developed and piloted an educational program that enables high school students to request
their own observations from professional observatories. HOU students download CCD
images to their classroom computers and use HOU's powerful image processing software
to visualize and analyze their data, HOU also provides comprehensive curriculum that
integrates many of the topics and skills outlined in the national goals for science and math
education into open- ended astronomical investigations. Last year two high school girls
discovered a black hole that scientists had not yet identified. ’

Galileo Project

http://es.rice.edw/ES/humsoc/Galileo/

This site uses the visual metaphor of Galileo's family villa to enable visitors to explore the
life and work of Galileo Galilei (1564-1642). Find out about the struggles, triumphs, and
lifelong curiosity of the man who set the stage for modemn science. It presents information
about Galileo and the science of his time to viewers of all ages and levels of expertise.

Project STAR (Science Teachers As Reformers)
http://edap.bgsu.edu/STAR/

Materials for Project STAR were developed by science teachers and scientists and were
thoroughly tested by teachers and students from around the country. Simple labs enable
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students to use scientific tools in the classroom for exploghtion. Students can build a
telescope that is similar to Galileo's, readily study color and light as well as learn about
absorption and emission through personal observation, see the absorption lines in the sun's
spectrum, see the spectra of energized elements in gaseous states and the double yellow line
of Mercury in the spectrum of a fluorescent lamp, or study light pollution can be studied by
checking yellow street lights to see if they are high- or low-pressure sodium lamps. The
online activities are abundant.

Welcome to Mars!
http://www.amnh.org/mars/ _
Offline Activitics available on this Web site:

e Mars Math '
Offline Activities available on this Web site:

e Do It Yourself Rocketry

o Safe Landings?

» Mapping Unknown Surfaces
o Egg Drop

Ninc Planets .
http://www.seds.org/nineplanets/nineplanets/ ' o ,
A Multimedia Tour of the Solar System, by Bill Arnett, includes a nice introduction

0 Mars.

Views of the Solar System
http://bang.lanl.gov/solarsys/ _ . _
An excellent overview of the entire solar system by Calvin Hamilton. The featured link to

Mars includes a chronology of exploration.



Ask the Astronomer
htp://www2. ari.nethome/odenwald/qadir/qanda.htm

Other Worlds, Distant Suns
http://garber.simplenet.com/

Views of the Solar System
hup://www.fis.uc.pt/astronomy/solar/homepage.htm

Black Holes and Neutron Stars
http://antwrp.gsfc.nasa.gov/htmltest/rjn_bht.html

Constellations
http://www.astro.wisc.cdu/~dolan/constellations/constellation_list.html

Earth Rise
htip://earthrise.sdsc.edu/

Live from Mars
http://qucst.arc.nasa.gov/mars/index.html
OFFICIALDOM/INSTITUTIONS

IAU: Central Bureau for Astronomical Telegrams
http://cfa-www harvard.edu/cfa/ps/cbat.html

NASA and its ficld centers
htip://www.nasa.gov/

META-REFERENCES:

AstroWeb (NRAQ, STScl, CERN)
http://www stsci.edu/astroweb/astronomy.htinl

Bill Arnett's WWW Documents (many resources)
hup://www seds.org/billa/offerings.html

NASA's Planetary Photojournal
http://www-pdsimage.wr.usgs.gov/PIA/PIA html

PLANETARIUM SOFTWARE:
Master list
http://www .scds.org/billa/astrosoftware.itml

Distant Suns
http://www.romt.com/products/distsuns/index.html

Voyager I
htp://www.carinasoft.com/Voyager.html
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Kerox PARC Map Viewer:
http://pubweb.parc. xerox.com/map

Breathing Earth
http://japan.park.org/Japan/Theme/sware/be/unsw/index.htmi

PLANETARIA ON THE WEB
http://www.pa.msu.edu/abrams/planetaria.html

SPACE NEWSLETTERS/ADVOCACY

SpaceCast
http://www.spacer.com/

Case for Mars
httpy/spot.colorado.ecduw/~marscase/

Films
e Cosmic Voyage (currcntly at AMNH Imax Theater); discuss scale
e Powers of Ten; watch film and discuss the power of an atom
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NASA Resources
All NASA materials are free to teachers.

http://www.vasc.org/erc/
NASA Regional Educator Resource Center

http://www.cea.berkeley.edu/Education/sii/sii_sii.html

Home of the Science Information Infrastructure, a NAS A-funded project linking science
museums, research centers, and teachers, to produce Earth and space science curricula for
K-12 students and teachers using NASA remote sensing data.



Mars Pathfinder: Welcome to Mars!
http://mpfwww.arc.nasa.gov/default.html
The Mars Pathfinder home page, with all the images and other info from Mars.

Mars Global Surveyor (MGS)

http://mars.jpl.nasa.gov/mgs/

The current status of the MGS mission including the latest images and scientific
data from Mars.

Mars Pathfinder Preliminary Results
hup://nssde.gsfe.nasa.gov/planetary/marspath_results.html
A technical summary of scientific findings with many links.

Center for Mars Exploration
http://cmex-www.arc.nasa.gov/
iots of Marslinks, including "Life on Mars?" and Mars missions.

Live from Earth and Mars: Pathfinder Mission Summary
http://www-k12.atmos.washington.edu/k12/mars/MPF_short_facts.html

A detailed and fairly technical description, including good graphics on the Eatry,
Descent and Landing sequence.

Live from Mars/Passport to Knowledge
http://quest.arc.nasa.gov/mars/
Lots of Marslinks and educational materials.

Mars Pathfinder Fact Sheet
http://mpfwww jpl.nasa.gov/mpf/fact_sheet.html
The basic mission specifications, nicely encapsulated.

Mars Pathfinder Project Information
http://nssdc.gsfe.nasa. gov/planetary/mesur.html
Complete summary of the mission, with color images and many links.

Marslink Essays

hitp:/fbarsoom.msss.com/http/ps/intro.html

Excellent articles on various aspects of Mars, written by Mike Caplinger for the
Planetary Society.

PDS Mars Explorer for the Armchair Astronaut
http://www-pdsimage.wr.usgs.gov/PDS/public/mapmaker/

A giant "room sized" global map of Mars, from Viking orbiter images. Starting from
a global Mercator map, you can choose any specific spot on Mars and pan and zoom
your way across the entire planet.

The Red Planet: A Survey of Mars
http://cass.jsc.nasa.gov/publications/slidesets/msurvey.htmlAn illustrated guided tour, with
brief descriptions, prepared by W.S. Kieffer, A.H.Treiman and S.M. Clifford for the
Lunar and Planetary Institute,

NASA Educational Resource
http://ita.ivv.nasa.gov/
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Starry Night
http://www.scds.org/billa/StarryNight/sn.html

Windows to the Universe
http://www.windows.umich.edu/

Space Weather
http://windows.engin.umich.edw/spaceweather/

IMAGES

Astronomy Picture of the Day
hutp://antwrp.gsfc.nasa.gov/apod/astropix.html

The Aurora page
http://www. geo.mtu.cdu/weather/aurora/

Regional Planetary Image Facility
http://ceps.nasm.edu:2020/rpif. html
http://ceps.nasm.edu:2020/RPIE/RPIFsources.htm!

Hubble Space Telescope
http://www.stsci,edu/

The Planetary Data System (PDS)
http://pds.jpl.nasa.gov/

US Geological Survey
http://www.usgs.gov/

Space Science Photography
http://pac.gsfc.nasa.gov/gsfc/spacesci/pictures/spacepic.htm

The NASA Shuttle Web Archives
http://www stsci.edu/

About the NSSDC Photo Gallery
http://nssdc.gsfc.nasa.gov/photo_gallery/photogallery.html

Jupiter & Moons/animation
http:/fbang.lanl.gov/solarsys/raw/jup/index.htm

INTERACTIVE MAPS/LIVE FEEDS/etc.

EarthView
http://'www .fourmilab.ch/cgi-bin/uncgi/Earth/action?opt=-p

NASA Cameras (slow)
htip://www.ambitweb.com/nasacams/nasacams.html

241



RESOURCES PROVIDED BY
-AMERICAN MUSEUM OF NATURAL HISTORY

ACTIVITIES

Galileo Activities

American Museum of Natural History will be developing this into a field activity. The
activities apply to the Telescopic View area of the course. They require either good
binoculars or a modest telescope. The class could also set up a telescope at the
school and have special evening astronomy sessions to find when and where in the sky
the following objects are visible, consult the monthly sky chart in “Sky and Telescope®
or “Astronomy” magazine. When making observations, sketch what you see and note
the data and time. All of these observations were made by the Italian astronomer
Galileo in 1609-10 with the newly invented telescope. He published them in a popular
20 page pamphiet called “The starry Messenger,” which revolutionized astronomy-this
could be a good non-textbook resource for the variance.

Moon: Observe the Moon for several weeks and keep a moon journal. Note how the
shadows advance across the valley floors with the changing phases of the Moon.
Galileo discovered mountains on the Moon as a result of tracking shadows. The
shadows are a result of the changing direction of the incoming sunlight. For
comparison, make a model landscape with mountains and valleys and shine a spot light
on it from different angles (corresponding to early morning, high noon and late
afternoon) and not the behavior of the shadows. Most of the shadows on the Moon are
cast by mountain rims on the crater floors and surrounding plains. Conclusion: The
Moon is a world with it's own unique landscape.

Venus: Observe Venus over a period of several months and note how the apparent
disk of the planet goes through the same phases as the Moon.

Jupiter: Observe Jupiter for several successive nights and watch the changing
positions of the four Galilean satellites due to their orbital motion around the planet.
Find and identify each satellite. Sometimes only two or three are visible because
Jupiter is behind another planet so observe over a week. Galileo realized when looking
at Jupiter that he was looking at a sub-solar system.

Saturn: Observe the shape of the Saturn’s rings. Students will observe that the rings
are detached and they are not round. Galileo thought Saturn had ears.
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AMERICAN MUSEUM OF NATURAL HISTORY VISITS

Hall of the Universe

The Hall of the Universe is a new permanent exhibition hall opening in the year 2000.
The exhibits. within the hall will be formalized by June 1998. We roughly know the
designs at this point although there are liable to be some changes during development.
The new Sky Theater, part of the Hayden Planetarium reconstruction, will take kids out
of New York City by means of a virtual digital galaxy. This Sky Theater will allow
students to better visualize and experience the astronomy they are studying in class.
The stories addressed by the exhibit are formation and evolution of the universe,
galaxies, stars, and planets.

The concepts addressed by the exhibit are:

» Unity of matter and forces.

« The universe has evolved and continue to evolve.

« Rotation and gravitation are two of the most important physical “laws” that govern
the structures we see in the universe.

« Spectra are the key codes to unlocking the mysteries of the universe.

Classroom visits to the Museum can utilize the following resources:

« Formation and evolution stations for the universe, galaxies, stars, and planets
making up the system of cosmic evolution.

« An exhibit on the search for life in the universe.

+ A galaxies wall: coiliding galaxies, active galaxies, Milky Way, and ancient galaxies

« A Big Bang Theater that reenacts the moment that our solar system was created.

« A timeline of the universe that shows cosmic evolution: the origin and evolution of
the universe, galaxy, stars, and planets.

« A cosmic zoom module of the scales of space-from subatomic particles on up.

« A virtual tour of the galaxy at the new Sky Theater.

« Special digital galaxy shows at the new Sky Theater that move through the galaxy to
interesting places.

« A variety of views of the night sky starting with a naked-eye view.

« A view of the night sky that allows a visitor to view it through different waves of light
such as infrared and ultraviolet.

« A design that allows students to bring binoculars to the Sky Theater and enhance
their view of the night sky as they would outdoors.

« A special moon exhibit that shows a high resolution image of the back of the moon
which nobody ever sees; a level of detail that you can’t see with the naked eye.
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ASTRONOMY UNIT

REFERENCES

Science Grade 9: Bureau of Curriculum Development, Board of Education, City of
New York 1968-1969 Series #9.

Lesson/Activity Page
How do mirrors and lenses enable us to study astronomy? 146
How can we construct and use a refracting telescope? 148
How can light be used to determine the composition of stars? 151
What is the orbital path of the earth around the sun? 179
How does the change of energy expiain the orbits of the planets? 181
What makes a Rocket move? 196
How will we overcome the forces of gravity in our space investigations? 198
What dangers will man encounter on a trip through space? 203
How can a man's needs be provided for in space? 205

Prime Science: _High School Level 2, The Prime Science Education Group, University
of California at Berkeley. Kendall Publishing Company. Dubuque, lowa,1992

Section: The Earth in Space, pages 319-359

Project Star. Science Teaching Through its Astronomical Roots. Coyle, Harold P. et.
al. Kendall/Hunt Publishing Company: Dubuque, lowa, 1993.
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Filled with astronomy projects and experiments such as:

. making a telescope

. building a rocket

. making a scale model of the Earth and the Moon
. mapping the moon _

. measuring the height of moon mountains

. the solar system to scale

. testing for life (mimics Viking landing)

. making a spectroscope

. the red shift

. how many aliens are there (equation)

Note: This book was written with younger students in mind but the projects can easily
be adapted to high school.
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