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W shall mor coase from expbomation.
And the end of ewr cxplering
Wl e &0 arricw shere o slarfed

And bvow the plhace o the first fowe
—T. 5 Dt

Of the bilions of people who have lived on planet Earth, only a few
huncired have seen #f Bom space. According 10 those few, £ was an
unforgettablle and eye-opening expenence. From such & vaniage poet, it
% easier 1o put global issues in perspective. Knowing this, the National
Alr and Space Museum and the Lockheed Comporstion, In cooperation
with the National Assonautics andd Space ASMnstation, confracted with
imax Space Technology Inc., 8 subsichary of Imax Systems Corporation 10
produce the Sim, Blue Planet This 908l of this film is %0 offer milkons of
peopie & view of ther home from space.

This educational bockdet foouses on the environmental and Eanh
SCRNCEe Concepts that are accressed in the filn. The activibes presented
here are inenced 1o e a collection of resources fom which teachers
can pick and choose. We have tried 1o introduce some iInnovative idess
& wel &3 t0 include some old favortes. These activities are designed 1o
erhance your studients’ auCAtional expenence and 10 give them a new
perspective of the "blue planet” on which we live.

The majority of the space footage seen in Slue Manet wes token dureg
three Stumle flights, STS-09, STS-32, STS-34.** Taking pictures of Earth
from oroft, using the IMAX® camera, was ondy one of 3 number of mission
obectives for the crew.

Space Shuttie Discovery, STS-29, March 1318, 1989. S1S.29
deployed the third Tracking and Data Relay Satelite. In addition to this
satelite, the Shuttie camied other cergo, refemed to as payload, which
inchuded two student expenments—one on protein crystal growth, and
ancther on chromosome andd plant cell dvision. Commander Michael L
Conts, prlot John E. Blaba, and mission specislits James P Bagian, James
F. Buchii, and Robbert C. Springer fiew on this Shuttle mission.

Space Shuttie Atlantls, STS-34, October 18-23, 1989. The Galleo
plenetary expioration spacecraft was cdepioyed on STS-34. This space-
craft will not reach Jupiter, its man destination, until Decermber, 1995,
Gatieos instruments will collect data on the atmosphere, satefites and
powerful magretic Hield of Jupster while ortiting the planet, as well &5

" Four Guatens
" ”I PUThen Jewgrete SOecE Sute msson. STS S for Space Trarsponsmon

B WMAX stancis for image MAXemUM and 5 3 regrteres Yaciermark of e Systers
Corporston



e a0 enfyy probe Into s atmosphere. Thes mission also camed the
Shttle Solar Backscatter Ultraviolet instrument; its OZONE measurements
atsist in Calitrating other CZONE-MONitornng instruments on satelites.
Secordery payloads rvolved dketion messurements, lghtnrg resexrch,
and & student experiment on ice Oystal growth in space. Comenancier
Donald €. Wiliams, pilot Michae! . McCuliey, and mission specialists
Elen S Baker, Frarkiin R Chana-Diaz, andd Shannon W Lucid, madie up the
fight crew.

Space Shuttie Columbia, STS-32, Jenuary 9-20, 1990. Highhants
of the STS-32 mission inciudied depioyment of the Navy sstedite Syncom
IV and retrieval of the Long Duration Exposure Facilty (LDEF), previously
launched on Shuttie mission 41-C in Apnl 1984, LDEF camed expenments
which covered diverse research-—from asopiyscs 10 SPCe erviron-
ment effects on tomato seeds. After the fighe, the seeds were distrio-
wted 50 school teachers for experments in the classroom. Secondary
S15-32 payloads included experments on the effects of microgravity and
light on caily rhythms and metabolic rates. Members of the flight crew
were commandcier Denied C Brandieratein, pikct James D. Wethertee, and
mission speculsts Bonne J. Dunbar, Marshs S. ivins, and G. Devict Low.

With anly 25 hours of intensive training from the film produchion team,
astronauts must become expert Simmakers. They use four lerses for
fiming—30 mm fsh-eye lens, 40 mm noemal lens, and 60 mm and 100
mm telephoto lenses. * Manual focising requires the asironauts 1o work
Quickly in seming up each shot; the ground is moving beneath them and
each o of film runs only theee minutes.  Astronauts cannct film durrg
takeolf or reentry snce the 41 kg (50 1) IMAX camera and film masaznes
must be safely stowed ot hhese times.

Price to flighe, the fim prodhuction team boets the Shustie crew on
the flm's goal and scorpt. After & mission, the Sim eaiorns review the
focrage and plan for filming on future mssions. The laege IAX flm sae
and the glant theater screens-—up 10 exght stones tall and 34 m (170 R
widie ) —produce 8 unique Sim expenence. When astronauts see this
space footeae, they often remark that £ is the noxt best thing 1o baing
there.

* The local e of carness lerses & measured n mlisneners, sotvevistied mm
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DISCUSSION QUESTIONS °

Lot ws sivsie off this chome-clinging derr
From our mewmbers eternally now

And my upmunds the male 2orld fo tvr
— Armdophares*

The QUESCNS I This SECUON are Intendied 1o Dromote Cisousson, Not
arpdety, among your stucients. Tak sbour some of These ickeas with your
how percephons have changed. Did the film answer any of your stu-
cents’ questions? We recommend not maiing this section o an evalus-
tive ACtivity, Stucients Might miss Important cosenations while they are
Lusily filing out question sheets,

Is it day or night?

What does the sky look ke sbove the stmosphere? Mow can you tel
clay from night? 'Whet separates cay from night? ¥ you could orbet Earth
rEht now, would you De in darkness or daight? Why does the Sun rise
and s217 What woulkd you see if you coukd hover in space cirectly sbove
your town for 24 hours?

Where is the blue sky?

Whet is sky made of7 Imasine being on & space shuttle that &
lunched in the moming: how would your sky chenge &5 you rocket into
space? Does the stmosphere have an endd? What does 3 surset ook like
froen o7 What does Earth's atmosphere kook ke Som oron?

Where are the stars?

Can you see stars from space? In the film Blue Planet, there are many
scenes of Earth Som orbit and the blaciness of spece beyond. Can you
see Stars in this blackness? Can the ortiting astronawts see stars?

¢ sj AeMm LdJUM

How do we define North? In the film, 15 North shweys at the top of
the screen? What 5 North 10 someone In Austiofla? Are Australians
stancding upSde-down compared 1O someane in the United Stanes? How
Can s be raht? Imagine hovering sbove the North Pole, descrioe the
Spinning motion of Earth. Which direction does the Shuttie orbat? Why?
Can you see waves?

Con you see waves n the sand? 1 the water? In the clouds? What

causes waves? Whet do clouds look ke Srom orbit? Do they look differ-
ent when seen fom sbove? As you view cloudss in the film, imesine

* e Caxch




what they would lock lice from the sround. Can you se2 any SIom
Systems? What do these remind you of? Can you see clouds every-
where, o do they tend 1o be in groups? Notice how clouds form diffes-
ently over land than they do over ocears. Do the clouds cast shacows?

How big is Earth?

How g does Earth look from orbt? Does the entire globe & into
one pacture? What kinds of Sings can you see iom space? What do
rvers jock Bhe? Do ol rivers look the same? 'What o cities fook Bke from
spoce? Canyou see mountans? Snow? Craters? 'What wes the most
SUpesing thing you saw?

Can you see people fromspacc?

What is the smaliest thing you can see from oa? Are very staight
feanures manmacie Of natusal? What manmadie objects can you see from
space? What colors do you notice most?

ommau ®

Dot let e previous cpen-ended QuEstions meke you uncomion -
oole. Ths nexd section is designed 1o help you address some of the
issues that these questions may have saised. You may want 10 encoursae
your stucients to seck Out the answers elsewhere; Moy, parerts, &
PEIFNoOr Who happens 10 DE &0 derospace engineer, and 0 on. Most of
hese Questions are rather compiex and deserve to be explored more
fully than spece hese will aliow, We hope thet you will find them thougit
provoleng.

1 it day or nght?--The sky appeans black sbove the stmosphere even
durrg the day. When you lock at Earth from spece, the part which 5 in
shadow is experiencing night and the part which is in sunbaht s expern-
encing day, The ground &5 Sark cunng the night and bright during the
cay. The edae of blackness,
which sepanstes day fomnght, 5 gathin

a - «--
calied the terminator; look for it in -—
the fim.

$ince the Shuttie orbRs Earth e e
soouk every 1'fy hours, the astro- -— from
nauts on board expenence 16 wun- — SN
nses and 16 sunsets every 24 howrs
(24«1 = 16). Hyou could hover S m—
ADOVE yOur 1own for 24 howrs you
woukd expenence day and night in
the same way & someone on the L oo
gound
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Where s the biue sky?—Earth's sky or stmosphere s
moade up of sir molecules. Gravity holds most of the ar
molecuies near Eath’s surface. If you flew on @ moming
Shuttie faunch, you would see many color changes in the
shy—a8 your Craft 98s alttuce, e sky charges from
light blue to dak biue and finally to black. The atmo-
sphere coesn't end soruptly; £ tapers off and gradually
becomes the near vocuum of Interplanetary space. AL
sunset, 9oid-red clouds and ther immense shadows ook
even more dramate from soece. In ortet, sunsets hap-
pen QUICKy—yOu can see one every 90 minutes! from
oroit, the atmospihere locks like o thin biue line sround
the curve of Eanth

Where are the stars ?——Space is the best place to see stars because £
& beyond Earth’s atmosphere, which interferes with staright. However,
A0S e S8y 10 see oM an Oroiting Spececft only when it 5 over the
Cark hal! of Earth (regit). Stars appedr Cim when compared 10 ether the
Sun or the bright half of Eath and are therefore Afficult to see if these are
ako nvew. (Note Theoretically, astonauts should be abie to see stars
N space when the Shuttie 5 above the Dnght holf of Earth.  However,
even when astronomer-asironaut Karl Henze tied this Ly adapting his
eyes to the dark for 30 minuses before locking out theough & hooded
window, he could see very few stars.) Undortunately you can't photo-
Soph SIars With MOVE CAMeas rnning ot nommal speed even above the
e of Earth where it i gt

Whichwiy 15 U 7—-North 15 8hwarys on the Spoin
amsof aplanet. Inthe film, north s rarely ot the 100
of the screen Decause the cames can be tured
0 30ty CRRChION wirle taking pictures. North, to
SOMBONE iN Australia is the same a3 it & for some-
one in Amenca: the direction towerd the North
Pole. Australans are stanciing Lpsicie own when
compared to peopie N the Unted States because
e immense ravity of Earth pulls everything to-
wird 2 Certer. Loocking down on Earth’s North
Fole, our plenet spins counterciociowse. The
Shuttie orbes 10 the east, which takees achantase
of Earth’s rotationgl speedt. A westward lsunch,
thoush feasbie, would requine far mone power &
well as ancther lsunch site (prooetly in Calforma)
unce for safety reasons launchies must OCCuUr over
woer

Can you see waves T—Many of the wave-Hioe forms that are visible
from space are actually huge struciunes on the ground. 'What from ortat
ook lee ndges of sandl In the Namit desert are actually dunes, hundreds
of meters hvgh. Cloudts tend 10 accumulste into visibie bands that look

Discusson Questions S




e waves. Intemal waves i the oceans can be seen when the Sun ange
15 At Pght. Stom systens Jook ke Coud pinwhee’s or spasis and may
CONUre upD visions of tomacioes or of weater 9oins down & ceain.

How bg Is Earth?—
APGIO SSTONERS ook
the familer whole Exth
pctire on ther way o
the Moon, 2 thousand
times farther from Earth
than the Space Shuttie
ortts. Compared 1o
that view, Eanth seems
reiotvely Close In the
fim Blue Panet. The
activity “Bringing Earth
Down to Sae” shoud
help put things n
perspectve. Rivers
often look e twisting,
Do thvexcts; some-
Bmes you can see the
Sun ginting off ther
srfaces

Can you see peopie om spaceT—Most of the questions in this
SECTON are sutsective and will epend on studert's cbservational siills.
Keep in mind that cameras thet use film, such as the IMAX comera, take
very diierert pictures from Camesas thot use elecronic sensors, such as
the cameras sDord satefines. Compare the few saelite mages in the
Him Biue Aanet with the rest of the orttal photography. Cameras that use
fim more closely sppranmate whet our eye sees from ot When you
&re in o, you wall be much 100 far awary 10 see peopie and will prob>-
&by not even e abie 10 dslinguish large structures such &3 bulldings o
City Diocks. Froen space, cites look ke gray patches. 'We hope you will
be surpnsed at what you can see from spece; the more you look, the
more you wil see

6 Bue Panet Educabonal Bookdet



Our Changing Earth
VS

OF vendur, field from fueld, & mamr from mum,
The siies thesselves looked lrw and positive
As abmost yow could Aoach thems itk @ et

—Elizabeth Rarrer? Bromwming®

Goal
To develop chservational shills and to 9an & greater apprecistion of
the processes that are continually changng our planet.

Key Concepts

¢ Eath environments are constartly changss.
*  Mary of these changes can be observed Som Earth orbe.

Overview

Earth is & cynamic planet. Its land, ocesrs, and srnosphere are
ahways changing. Thoush meny of the changes on Earth are too small to
be viewed from space, Some changes ave more easily seen from ortt
then from the surface. In this activity, studerts can identify many ex-
amples of change in venous Earth ervironments a5 they cbserve Eamn
from “orbtt” whilie warching the film Blue Planet

Materials
o IMAX Him. Blue Pane!
¢ Studert Worsheet: Evidence of 3 Cnangrg Eath (pese 10)
¢ Reference matenials (encyciopedias, books on Eanth scierce, eic )

Preparation

Review the overview section and discuss with your Class what is
mesnt by environmental of geciogical change. Everts such as volcanoes
cuphing o the bulidoning of large tracks of lend could cause both
environmental and geclogical changes.  No doubt you will think of many
others. Talk sbout seeing the Him and discuss the type of changes you
might expect 10 see in the fim. Review the section tithed Discussion
Questiors in the beginning of thes bocklet. Before Deginning, you wil
probably want to duplicate the Student Worksheet: Evidence of 8 Chang-
3 Earth on page 10 for your studerts.

Procedure

& Look for changes that are oocuming on the surface of Eanh, in its
water, and in £5 atmosphere while viewing Biue Planet.

* Ao lesh

Our Changrg Eath 7



D Record your observations as 5000 &3 possitie after seeing the film.
(it will be 00 dark to do this in the theater )

c. Dmvade nto small student roups and shane your cDserverions.

d. Select one change from each of the Broe categones on the
Sudient worksheet for further research

e. Use reference matenals to discover possioie efects of ths chenge
on the future of the planet and &5 iife.

. Present your research 10 Other memibers of the class.

Omm 'S

Observe
1. Record your oDserations on the stucient worksheet provided.
£ Which category had the greatest numter of chanaes?

Interpret
3. Which of the campies that you resesrched would have 8 positive
effect on the planet and on the plant andl animad 1fe on Eam?
4. Which would have o negatve effect?
S Which would have 8 neutrsl effect?
6. Which of your cbserved changes are natusally reversibile?
7. Which might be reversed theough people’s effors?
B Which of your cbserved changes might De meversitie?

Apply

9. Choose one of the changes you sdentified as nesative and predict
what would heppen if this change were not reversed for 100
years. What woukd happen if £ were not reversed for 1000 years.

10. Idertfy the causes of Hive of the changes you lsted in your olbser-
vations.

11. Of the five changes whose causes you just identified, descrnibe
sormething Bt you personally could do to reverse o prevent one
of them.

12 Was your solution amed at the couse of the change o & its
effect? Decss

Glossary
Atmosphere-—The ar that sumouncss Exth and is held near &5 surface by

Famy.

Topics for Further Research
o Saarapma Volcano, Jasen

8 Bue Planet Educatonal Bookiet



*  Humcanes, montonng from space
*  Lake Chad in Alrica

omman °

It shoula work well 85 8 coopentive leaming experience & well as 1o
provice research expenence. The numbber of valid responses &5 pract-
caly kmiess.

Studients should be sole 1o hypothesize Joout of 10 research the
causes of the changes they have noted. Theoughout Sis activity, meke
stucients aware that marny scientists do not agree on the causes o the
“Cures” of many envirorenental charges. Problems are usually easier 1o

prevent then to fix; thus, for question 12, most stuckents will probably sim
their solutions at causes rather than effects.

Ouw Chargrg Eath §



Student Worksheet

Evidence of a Changing Earth
Land
Example of Change tffect on Planet/Life
Water
Example of Change Effect on Planet/Life
Alr
Example of Change Effect on Planet/Life

10 Sue Panet Educational Bookdet



Dynamic Equilibrium

R

Wivn e try fo pick ont avyrivng by dsell,
We firsd o hitched to cverything diwe by the wivrse,
—Ave Mur. Asvrnar Netaraly?

Goal

To Ttk o model whach shows the siate of dynamic equilionum andt
10 relste # 10 Eath systesrs *

Key Concepts

*  Many global processes ac n 3 state of yramc equilionum
o The equiicrum pont can be shited by cutside pressures.

Overview

This mocie! 15 used 10 expiore the concept of dymamic equilionum
andd 1o relne it to the ghobal systerrs of Earth that are in & state of Symamic
equiitrum. Some of these are discussed in the fim Rue Punet. In this
expenment, the fiow of water through a perforated cortsiner illstrates
the concept of dynamic equilionum, The water level remaing constant (n
equilionum) even though there is continuons change (SYNamic) as water
fiows theough the system

Materials
o Clexr plastic bottle
o Water foucet o cesin
e Flexitie tubing (optional)

Preparation

Drifl & vertical senes of holes n the plastic
bottle wsing & sharp 5 men (/4 n) ol it
You may wart 10 start each hole with &
COMPass PORE of an and. Mace the holes &t
reguiar vertical intervals, ot not clrectly over
ore snother. A spral smangement works
very well. This will aliowr Detter oservation,
permsting each stream of water to fow
without interuption.

*  This actwity 8 based on an ihes published In e
Greerviuae Gus-ctie, o rowsietier of the Climate
frotection rethse. Used with perrsssion

Dyrarmec Equlionum 11



Procedure

& Read and answer the Questions in the “hypothesae” section

below before begnnrg.

D, Place the bottle under the faucet 0 that everyone in the sroup
can see . You may need o use tubing 10 direct the fiow of water
ino the bottie.

Slowdy tum on the faucet Lntd you have @ steacly, modierate flow
of waner,

Watch what happens and recond your oosenvations

Repeat steps ¢ and d using a different rate of flow.

Try repesting steps ¢ and o' whille blocking some of the holes or
after iIncreasing the sze of one of the holes Delow the water Ine.

n

M Q

ﬁo THE STUDENT P
vaoth&zc

1. Wil the botrie ever Decome full during the experiment?

9. Wil all e streas ook xactly the same?

3. What will happen f you bilock one of the holes duning the expen-
ment?

4. What will happen # you Siop T iIncoming fiow of water dunng
the experment?

Observe
5. Revise your hypomheses 10 reflect what you learnedd by rvest-
qnng

Interpret
4 List the variabies thee you Can Control directly
7. Which vanabie can you contral only inclrectly?
8. How are the ncoming and outgoing rates of water flow relsted?
9. How are the ncoming rates of water flow and the water level
related?
10. How does the size of the hole influence the resut?

Apply
11, How could this model be ansiogous 1o the level of greenhouse
Sases in the atmosphere? What would the incoming Now of water
represert? What would the cutgora flow of water represert?
What woulk! the water level represent? Whach vaneble can
peopie afect the most? How is $is shown in the model?
12 How could this mode! relate 1o the level of atmosphenc ozone?
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What would the incoming flow of water represent? What would
the cutgorng flow of water represert? What would the water leved

represent? Which verisbie can peopie sfect the most? How is
this shown in the mocke!?

13. How could this model relste 1o a 10ss of hatitat Tor & species in s
particuler area? 'What would the incoming flow of water repre-
sent? What would the ourgoins fiow of water represent? What

would the weter level represent? Which variable can pecple
affect the most? How & this shown in the model!?

Glossary

Dymamic Equilionum-—A condition in which several processes act simul-
tanecusly to mantan an overall steadly state in 3 system

Hooitt—The place where a plart of anmal ves o gows

Topics for Further Research
*  Ecosystem
¢ Ozone, & natursl procuchion and destnucion
o Exth's oceons 35 8 reservor for caron dionce

omnucnn ®

The bottie will il only if nflow excends outfiow, which may happen
if you biock some of the holes o use 8 very fast rate of inflow. The
s¥eams at the Dotiom of the bottie are under the greatest water pressure
and will therefore prodhuce faster, strashter streams. If you block one of
the holes duning the expesniment, the water level will rise (all other factorns
being equal) and reach & new level of equilitrium  If you stop the incom-
Ing fow during the expenment, the water level will 90 down a5 the bottle
empties Svough the holes. If students incresse the incoming rate of flow
duning the experiment, the water leve!l wil fise.

Experimenters can divectly control inflow and outflow by veryng
water pressure of hole size respectively, bt can control the water level
only incirectly, Ly varying inflow or outfiow. The ncoming water flow
equals the outgoing fiow when the water level & steady. A faster rate of
ncoming woter flow will produce a higher water ieve! than a dower one.
Larger Foles will incCrease the outflow and lower the water level, and vice
versa, providing the inflow coes not change.

N the "spply” section (page 12), the stucient relates each vearabie to
cument situstions. If the rate of procuction of greerhouse S5es NCreases,
the toral emount of these gases will also incresse, as shown by 8 higher
woter level, provided the rate of ther destruction remains fued Sclentiss
Pypothesize that the long-term efect of such & situation wil kead 1o an

Dyremic Equitrium 13



rcresse in Shobal tempersture. If the rate of czone SEStUCion & in-
creased while its rate of production remains fieed, the 1otal concentrstion
of czone will Grop a5 shown Dy 8 lower water level. A decreased ozone
oved sllows more ulravichet raciation 10 reach Earth's surface. Excessive
ultraviclet racliation i harmiid 10 e forms. If the rate of habiat destruc-
ton IS Increased while other vanabiles reman unchanged, the number of
soeckes In a particuler ares wil Meely decrease from desth o migsation
The foliowing chart shoukd help 10 organeze these thoughes.

INFLOW OUTFLOW WATER LEVEL
(regulated ot (regutsted by (cepends on in-
water faucet) hole size) | and outfiow)

Procuction of | Destruction of Level of green-
geenhouse gases” Feerhouse 985S house 5aes
Proagucon Destruction Qrzone

of ozone of ozone* concentration
Crestion of  lossof Smber of
Fafoitay - habites® hattans
"Veretie Lo fvestastor

This activity focuses on the idkes that equslibnum ponts can be shified
Ly netural and manmade causes. Once students uncenstand ths con-
cept, they may wark 1O research and deDote such Questions as How do
peopie interfere in Sicbal processes? Should pecple interfere? Can

14 Blue Panet Ecucations Booklet




Bringing Earth Down to Size

4
Then lrt o hece e bigher ot
Suppute it bt au inck 2t most.
~=fomathan Suvft®
Goal
To compare vanous large heights 10 the diameter of Eanth.
Key Concepts

o Few structisres, netural or menmade, provide much contrast o
height on & small-scale model of Eath

*  Drawirg things to scale helps 10 develop acourate mental pac-

Overview

When you cbserve Earth from orbtt in the film Blue Manet, you wil
probably be suprised by what you see. Earth mary lock nearer then you
expecied, o you may have thouaht you would see more detad. This
activity shoukd help you 10 befter visusiize how Eay's larnger structures
compare with Earth's size.

Materials

#

Stanciyrd giobe (12 in dameter)

Procedure

8. Tie one end of the string around 3 percil. Make & small loop n

the g 1 meter rom the pencil and secure a plece of chak in

xhua Using the pencil 22 & pivot point, draw a chak circle on
floor.

Label s Cecle as Earth. Labed the racius 25 1 meter,

Using the chalk as 2 prvot point, craw a penct anc on your paper.

(Place the paper under the pencl with

the string pulied tight and move

the percil from one end

of the peper 1o the

other.)

no

¢ Verses on e Dot of Or. St
Srnging Earth Down 1o Size 15



o Thes orc represents part of Eath's surface.
€ Use the values fom the SCALE HEIGHT column in the following

tatle 1o ilustrate each tem Iisted.
TEM ACTUAL SCALE
HEIGHT HEIGHT
Earth's racius 6380 km (3965 mi) 11.00m
Average sititude of Space Shuttle | 300 ken (186 mi) 47.02 mm
Atitucie of crusing et liner 122m7oem) 191 mm
Deepest ocemn trerch NOokmGEIm) 1.72mm
Mount Everest B8k (55mi) 138 mm
110 story skyscraper 03ikm(02mi) 05 mm
o THE STUDENT o

1. Whet i the diameter of the Earth model you drew?

2 ¥you could un your hand over 8 model of Earth this size (a s
of 1 m) how would & feel?

3. Use a gobe 1o show the sppeosmane height of an orbitrs space
duttic

4. How D would the Moon be on the scale of your model?

5. Determine the scafe used in your drawing.

Topics for Further Research
¢ Rader mapping

¢ Topogeaphy
* Sunveyrg

omm ®

The diameter of your mode! shoukd messure 2 m. Even a moded this
lerge would fee! remariably smooth, Mount Everest would be only a tiny
bump. On our mode! the Space Suttie orbits 47.02 mm above the
surface; 2 12 in globe is only about one-sixh as ig, 50 the altitude would
be sbout B mm, or sbout & quarter inch. The Moon is sbout one-fourth
the size of Earth andl could be represerted by & ciecle with a iacius of
00Ut 25 om. The Moon is sbout 30 Exth-clameters away which trans-
lstes 10 60 meters on s scale.
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The scale used in this exercise 5 16,380,000, Young studients will
probably need some instruction in estimating fractions of mullimeters.
Enlarging the scale 10 avoid this coesnt work satisfactornily since it flatters
Ot Earth's Curveture. You may want to have the students research the
heights of other things and Incorparate them in their drawings (such as:
weather balioons, hgh aititucie arcralt, Eath's atmosphere, Earth's crust,
Geepest of well, distance to the Sun, size of Sun, and dstance 1o nearest
star). Using the metrc system keeps the math simpile.  For this reason, we
have not included the compansidie English measurements.

Average height
of Space Shwitke
‘_‘
Mourt Alitd
Everost - :ln-
i oo
ocean
Earmvs curvature trench

The won's et Suicing (* 10 wioses]
Qo "t Mo L 0N T wiam
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Earth Views
<

Orwce 2 photogeaph of Earth,

$akew from aatide, is soulaNy,

o sl o powserful 49 any in bistory
el by let Boowe.

—Frod Nowle, Bnitish astepmomer, 1345

Goal
To veusize Earth on several scoles

Key Concepts
* Eath locks diffesent when seen from fiy swey.
¢  Our imagretons have been influenced by the space program.

Overview

The fim Blue Planet shows Earth from theee vantage ports—the
Moon, Eath ortet, and ground level. Seeing IMAX footage of Earth from
ortit repieed the making of this film, which focuses on Eath and its
emvironmert. This activity encoumages stucients 10 take 8 joumney of the
imagination

Materials
o Sheets of plan paper
o Crayons o marking pers
o Omher &t materials for collage (optional)

Procedure
4 Read the following out loud:

Imagine that you ane retuming 1o Earth fom & tip to
4 nearly st (ARhoush physical lews and present tech-
noiogy make such & np impossible, yours can be o
magvary g ) Our Sun is a star, and from far avaey
WO fook just lke ane of the stars ¥ the nght sky.

As you aporoach the Solar System, the Sun will
become Digger and bnghter, and you mght be abie 10 see
by, cot-like planets. As you come closer sti, you wall see
Earth ancd its moon. Earth may ook something ke the
famous picture of Earth, taken Dy the Apolio astronauts on
thew way 10 the Moon. As you approach Earth, you wall be
able 1o see more detad. imagine seeing Novth Amerncs,
then your region, then your town, and finally your own
house. (To help you visualize what happens, by thes: look
&cross the room at 8 Siobe whle waling towerd it.)

b. Using the art materials proviced, craw three of four pictures to
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Show whiat you would see from your speceship on your np
home. The pictures will be like snapshots taken af the beginring,
the middie, and near the end of your g

¢ Choose a descriptive tile for each of your crawings, Sor oxample,
How Earth Looked a5 Wi Fiew Ly the Moon.

ﬁommm ®

1 Suppose you &re ol & neartyy star and you Iook back 1owerd the
SUn. Would & hurt your eyes?

£ Asyou fiy by the planets would you notice phases (crescert
plaret, half planet, eic ) similer 1O Those we $e¢ in our moon?

3 Would you see gl nne planets on your journey?

Glossary

Phase—The appesrance of the Sluminated surfsce of & planet or moon
Phases reaur ot requiy intenvals

Topics for Further Research
*  Poneer 10
¢ Voyaoer 1 and Voyager £ spececaft
o Telemetry

nomerucm °

From ancther sier, the Sun woulkd lock e any other star in the night
sky and thus would not hurt your eyes. Planets shine by reflecting ight
from the Sun. Sunlight falis only on that half of the plaret facing e Sun
Using Binoculars of telescopes, we can observe phases for Mercury,
Veenus, and the Moon from Earth. Phases of the planets would be ween
casdy on thes 1o

The plarets move in almost arcular orols i neardy the same plane:
PLLo 5 the exteption, having a notcestly eliptcal orblt 1hat & out of the
plane of the rest of the planets. The plarets are usually spread out I
many cifferert Geections from the Sun. You could see aryy of the plan-
€15, provided at the Sun cid not Dlock your vew. You would need 4
telescope 1o see those fathest away. The cameras shoard the spacecralt
Voyager 1tock 8 pcture of our soler System fom @ vangage point far
above the plane of the ortits. The resulting composite image captired
seven of our nine known planets, Mercury and Mars were chsoures by
he Sun
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Earthquakes: Whose Fault Is It?

IV interpenetrates moy prawte muass.
Throaph tangind mocts and traddes cey doth pove

~ Prrey Bywhe Shelley”

Goal

To Create o Synamic eathauake moade] with which 10 better under-
standt the mechanism that couses carthquakes.

s Eanh s a yramic planet.
¢ Most earthauakes commespond 1o shifting tectonc plates.

Overview

Long Enear fault knes are easdy seen from orbR, as recorded in the fikn
Slue Plonet. These are especially noticesbie in the footage taken of the
Anddes, and siong the coast of Caldiomia. In this activity, students create
8 simple Dt authentic modiel of piate 1eCIONKCS, Similar 10 those used by
&te o senes of fissures not uniike those Creshed durng some eathauskes.

Materials

Meces of wood**
Clay soil

Mbaing conainers
Stmng wtermils

Procedure

8 Read the following out loud:
Beneath our feet, Exth has an interesting and

compiex structure. The outermost iayer, called the crust, s
about 30 iometers, or 90 mies, thick  The crust foats on
siowdy, and somentimes the Crust Moves in fesponse.
Scentists use the technique in this expernmert 1o unders
Standd whiat happers curng earthQuakes.

L. Pt & large handful of clay sol n o contaner andd siowly acks
woter, stiring continuously, until the clay has the consistency of
peanut butter,

¢ Butt the two pleces of wood together and spread the clay over
e ares where the edaes meet.

* Pometheus Undounct Act 4
e wmmouamau same Tichness, each hawving o lesst ore
et sdie SO0t 15 om (6 ) Ions. Hesvy carctooad will work too
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d. Set the model ascie overmaght 5O that it will partially oy
e The next day, siowfy shicie the pleces of wood past each other
(see amows on diustrsbion) and carefully cbserve the surface of the

m‘ 7
o THE STUDENT DY
Observe
1. Desorioe the clay's sppeaance Defore the peedes of wood were
moved.

2 ¥you locked only &t the clay, could you tell that there were two
DONOE Deneam it before you moved the boards?

3 Describe the charae in the clay's appesrance durrs the aper-
ment.

Interpret
4. What do the peeces of wood represert?
5. What does the moverment of the peeces of wood represent?
6. Ust some shonoomings of this modie!?

Apply

7. Neme some places thet openence earthguakes and compane
ther topographies with the model you crested n this activity

8 Why are earthGuakes more prevalent in some sreas?

9. Where does the energy n earthguekes come from?

10. Wiy do some earthquakes cause more damasge then others?

11, What evidence of earthguakes can De seen Som oroit?

Glossary

Earth's Crust—The sohd outer layer of Earth

Fault—A Dresk in Earth’s Crust with the mass of rock on one side of the
bresk pushed up, down, or sideways.

Mantie—The part of Earth Denesth the Crust andd above the outer Core

Tectonic Pates—Large, crustal blocks composed of Earth's onuast and

veper mantie whch move horizontally across Earth's surfoce relative
10 one ancther. Pidtes are shout 100 ke (60 mies) thick

Earthquaskes: Whose Fault is t? 21



Topics for Further Research
*  Plate Tectonics
o San Ancheas Faukt
o Swikesip fault

oncman >Y

Although students' descriptions of the clay's sppearance will vary,
they should be atie 10 descnbe an overall change fom & smooth, fiat
surface Defore the Doardss are moved 1o 8 rough, aracked surface after-
ward. Studerts should not be sbie 10 tell that there are two boarcls
dvectly benesth the clay’s surface urpl they move them.

The boards represent tecionic plates thet are pan of Eath's crust. The
movemnert represents an exrthquake. Smal models can rarely show the
complexity spparent on & larger scale. The surface crack 5 showing the
result of activity of the two Do Defow. Seldom coes an esthauske
create o crack on Eanth's surface; mare Bypically, it deforms the surfsce.

There are many locations that expenence earthquakes. Calfiorn, for
campie, & an eathquake-prone ares. Photogaphs showrd the 10008
raphy of an ares Defore andd afer an exthquske would help 1o ilhastrate
thes pont. Look for such pictures in the litrary If your Earth science
textock lacks good photographs.  Eathquakes ually ongnete ot the
boundares between moving tecionic plates. Becouse the plstes are 0
large, fand areas ocated far froen their boundianes e less lkely to expen-
ence eathquakes. Heat from insice Earth maes the flusd mantie layer
move by convection. The movement in the mantie Causes the cnust 10
move. Earthquakes release lrae amounts of energy, Cresting tremors in
e sumouncing teman. When they occur under large land masses, thewr
effects ofen reach the surface, shaking-—and sometimes destroyng—
Sructures and noticesbly changing the londscape. An earthouske can
procuce a tidal wave when it ocours under the ocean floor, Generally,
lrge carthquekes Cause Mmore damede then small ones. The degree of
camage also depencis on location. Heavly populsted arcas, those winh
poordy comstructed buldings, o ones with an unstatle tensn tend to
sustain far more camage than co unpopuisted aress, Gties with well-
constructed Dulichings, Or areas with & stable temain. Earthquakes can
Seform the surface of Earth by forming long, linear structures calied faults.
The largest of these are seen easily from ortating spacecraft. Look for
thern on the west coasts of Noh and South America in the film Sue
Planet.
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Craters: Making an Impact

v rade sen grew cied at her somg,
and cevtern wars shot madly from I spbeses,
19 Aetr lhe ser-oxand s mash
— WWean Shalewpesre”
Goal
To investigate how impact Ceaters are formed
Key Concepts
* Impact craters are lormed when metecrocss coliche with & plan-
clary body.

*  The energy of metecronds dependds on their mass and speed.
*  Hgh-energy metecrosds form langer craters than kow-energy
MRISOrOC.

Overview

Expenence the theil of 2 helicopter rice tvough Meteor Crater n
ANzons while wetching the fim, Blue Panet. This crster was formed
when a metecrodt colbced with Eath. This lsb exercise investigates
some of the processes wirch afe mvolved in forming impect crmers and
then locks &t how weather might affect such craters.

E

Plastc tray

Sand

Flowr

Swpiner or sfter

Meter shcks and centmeter rulers
Spheres of Pree diferent wemhts**
m&mmmm

Student worksheets: Craters: Data Tabiles | and! Il (page 27)

Procedure
8. Fill way with sand to a depth of 5 <m (2 in) and smooth the sur-
face.
b Pt flour in the straner anxd shake & over the sandd el the sand s
covered with g then bayer of flour,
c MummmuwduﬂMamd
2hout two meters (six feet)

*  Machurrener Nght's Dream
"t Maties, el Deainas, and sl et work well
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d. Record the diameter and appearnce of the crater on Craters:
Data Table | (page 97).

With the two heavier spheres, repeat steps ¢ and d.

Choose one of the spheres and drop it in tum fom tvee differert

heghts.

Record your cbservations on your dats sheet.

Using an empty spray bottie, pump air across the nim of 8 crater,

Fill & spray bottie with water and spray some water onto the

surface of the sand ot ancther crater.

ol

)

o THE STUDENT

Observe

1. Compiete the dats chants.

2. Describe any changes in the appearances of the craters after
adding wind or water.

Interpret

3. ¥the sand represents Eanth's surface, what do the spheres repre-
sent?

4. What is the relationshio between crater size and sphere weight?

5. When there is no wind resistance, a sphere dropped from a great
height is moving faster at the tme of impact than 8 sphere
cropped from a lower height. What is the relstiorship between
the crater size and the hesght from which a sphere is dropped?

6. What kindis of weather did you semulate in this leb exercise?

Apply

7. Research some pictures of impact craters on Earth and other
planetary bodes. (Our moon, Mercury, and Mars are 900d
choices.) Ave all craters the same 52e? Relgte your answer to
what you dscovered in s lab exercise.

B What effect does weather have on the appearance of & crater on
Eath?

9. The number of metecroids that hit a planetary body depends
mainly on the gravity of that bodly. Thus we can assume that Earth
s intercepted as many metecroick a5 any planetary body s
size. Why then, are crsters for more evident on Mercury and our
moon than on Earth?

Glossary

Meteor—Brght stresk in the sky that is seen when a meteoroid bums up
in Earth's atmosphere (sometimes calied & shooting star).

24 Blue Planet Educatonal Booklet
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Meteonte-The story material that has seached Eagr's surface from outer
000 WIthout Duming up.

Meteorod—Any one of the many small bodies that become a meteor o
shocting sty when it erters Earth's stmospihere.

Topics for Further Research
e Eects
* Crater
. Meteor

ﬂomm ®

Studients should be sbie 10 measure the dameters of craters acci-
rately enoush to clearly cistrguish the differert sizes. The depeh of
creters may De descrited quaktatively since this is harder 10 measure, and
it s often GIMCU 1o remove & pertially bunied ball without destroying the
Crter

The spheres represent meteorcids. When dhopped from the same
heght, the lighter spheres produce smalier craters Than 30 e heavier
soheres.  Heaver spheres meke larger craters then do fighter ones be-
Couse their larger mass gives them mone energy. Chances are thet lighter
spheres will be smalier, DUt it 5 interesting to compere a kghter, lager
ball with a heavier, smalier ball to demonstrate that the heavier ball makes
the larger Crater, regardiess of size, when droppecd from the same height
& the lahter ball

Any sphere produces lrger crsters when cropped from grester
haghts. Al objects nesr Eath are accelerated equally by Earth's rawity.
Therefore, when there is rno wind resistance, spheres chopped from a
greater hewdint are moving faster at the tme of impact then those dropped
from a lower height. Faster spheres make larger craters than siower ones
because their greater speed grves them grester energy

Oifferent-sized craters are easily soen on our moon—refer 1o & photo-
greph, o use Binoculars 10 see luner Craters on & clesr nisht. Studlents
#houk] De abie 1o conclude that size cilferences seen n lunar Craters e
the result of meteoronds with diffesert weights and speeds of impect.

Craters 2houid ook weathered after the adcition of smulsted “windg”
and “rain” and some may e completely oblierated, (On thes small scale,
Using spray Dotties more acounstely portrarys the eMects of wind and rain
than would wsing & fan or o watering can, but check this beforehand to
see et the force of the spray is approprate for the matenals you ace
usng.) Eard's weather tends to erase the features of 3 crater n a way
Similar 10 the processes In thes expeniment. Erosion due 10 weathering is &
Ml reason thet large craters are far less obvious on Eanth than they are
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on the Moon and Mercury, which have no stmosphere and thus no
westher. Also, Earth lacks impact Crsters because most metecroids bum
WD In Eanth's atmosphere Defore reaching its surface.

This sctivity models realty for the most part, but does have o few
differences. The layer of flour shows how buried soil is exposed on
impoact. You may try using several thin leyers of cifferert colored materi-
als, Such as powcdered termpera paint, 1o show more Clearly how deep
soil 5 ejected up and out on MPACt. AlsO, your studkents coukd make
obolong craters if they threw their “mesecroics” to hit the sand at en angle.
In reality, however, while low-angle Metecroids ane common, oolong
craters are rave. When metecroids ht, they veponze and the resuting
expiosion forms cieoular craters for most angles of entry. This can be
demonstrated in 8 leboratory setting but requires thet the balls be thrown
o high speeds, using a sinashat o other tool. At high speeds, only
projectiles coming in at very low angles (less then 157) make oblong
croters. This is very similar to what heppens in real impect craters. The
violent force of impacts also makes # rare to find even small portions of
metecntes left in crmers.
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Student Worksheet

CRATERS: DATA TABLE |

WEIGHT OF CRATER
SPHERE DIAMETER

APPEARANCE OF CRATER

Light

Medium

CRATERS: DATA TABLE I

DISTANCE CRATER
DROSPED DIAMETER

APPEARANCE OF CRATER
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I steld thr fhall of the Bashing bl
And whitrn the groem patns wnder,
And thew agaix | dvmolor & i rabn,

And lagh @ | poss v thunder
~Fercy Bysahe Shellry*

Goal

To rvestigate convection and relate it to the formation of cold
fronts **

Key Concepts
* When a coider, denser mass of fiuid cortacts & warmer, less
dense one, the resulting movement s preciciable.
¢ Cokd and werm masses of fiud do not usually mix immediatety
Upon contact, but first form & invisitie boundary calied 8 frone.

Overview

In the film, Bilue Panet, many thunderciouds are seen from space.
Thunderciouds often form along & cold bont, which is the boundlary
between & cold air mass and a warm ar mass. This activity dlusttes
convection, showing how cold and warm masses of Aluids move when
near each other. Although this model cannot creste & ministure thuncier-
K0, it does generate & front between the warm and cokd areas.

Materials

Glass aquarium or Clear plastic shoe box

Plastic bes

4-5 e abes

Warm water

Red and blue food cokoring

Clothes pin or large clip

Shudent worksheet: Corvection Connections (page 31)
Red and blue pencils

ool the { s




Procedure

oo

. Bl the contanes twe-Thinds Tull with waern waster,

PULINE ice Cubes In Ihe plsstc bag. ke the straight pin 1o punch
fve stral holes in the bottom of the beg

Gently place the bag of ice at one endt of the Comaner as shown
i the previcus dagram and Tip i 10 the side of the container.
Immechatiely 033 theee crops of Diue food colonng 10 the water
Ceectly over the hont ecise of the beg of ce.

Quickly 834 three arops of red food colonng 1o B waner ot Ine
cppaste end of the contarer. Do not shake the table & you
WatCh the COlorns move Though the water.

Using e studient worksheet provaded, recond your obsenations

omsruomr ®

Qbserve

1

Use the red and biue pencils 00 Sustiane what you see (1) 25 the
Colors Dedin 10 move, () when the cokors are michwiry across the
Conmanes, and (3) when the COlors ¢ & her MEurmum move-
ment before Diendin. I each dasram bt the coict water,
W wter, & cold frone.

Interpret

2
3
4

Wiy Soes the bilue color mose in the wary it does?
What type of ar mass coes the Dlue ares represert?
What hpe of air mass does the ned area represent?

Apply

S

6

7

¥ thes mode! ihstrates 8 westher front, where would thuncles-
Sloucts form?

Compaire the terpersiune and mossture of 8 Canaclan ar mass 10
one that formed over the Guf of Mexco. Descrie the terrpers.
ture Changes, cloud fonmanon, ancd weather that could result
when these ar masses meet.

Describe a thundlercioud you observed in the fim Sk Maner

Glossary
Cold Front—~The achvercing edige of & mass of cold ab a5 1t overtaies,
PARSRS UNCRT 0N 1Epiaces 4 warmer one.

Topics for Further Research
*  Convection curments

Thunderciouds: Convection Connectors 29



e  Cumulonmibus clouds
o Colct front

omm

Your studient's Bustrations shiould look sometiang be this.

B e -

The biue area maves slorg the Dottom of the comnainer Decouse the
Cold water is denser ondd foroes the weemer, i2ss dense waler 10 nse
goove 1. If the blue ares represerts 8 cold ar mass, the red ares repre-
sents a warm ar mass,  Thunderciouds often form along the front or
bounciary Detween worm and Cokd oy masses. An ar mass from Carach
5 usuaily cold and dry; an ar mass hom the Gulf of Mexico is ususlly
warm and mokst. The cold air can wedge Lncier warm ar, forcing it
upward. ORen, 35 the wamm, MOsst o rses, wWater Wapor condenses and
thunderciouds form. The weather = relatively warm shead of the cold
front. As the font passes, the weather often tums stonmy andd the tem-
petures arop. Occasionaly, a ine of active showers and thunder-
clouds, calied 3 sauall Ine, develops paraliel to, and shead of & fast
moving front. If the nsing warm air & ciry and stable, scattered cloudts are
all 2t form, and there is O resulting storm.  Thunderciouds (cumulonm-
tus) have a teg, pully shape. They arow vertically, then soread out,
forming ther characteristic, flst-topped shepe.
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Student Worksheet

I. Colors beginning to move

II. Colors midway across the container

1. Colors at their maximum movement before blending
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Tropical Rain Forests: Where Are They? .

1 bl e 80 rine ansd g0

Where e goldon appdes grove:
Whery MAefowr anodher dky
Porvee sdands awhored [

— Rebvort Lowes Sierevtien®

Goal

To understand the impanance of the Sun in producing the waem
chimate needed for ropical ran forests

Key Concepts
o Tiopical ran fovests grow only near the Equstor
* Eath's equatorial region & very warm
¢ Dwect rays from the Sun meke Earth's equatonsl region warmer
then othey regons

Overview

Today, ropscal forests cover about seven percert of Earth's lang
and form a green ek around the equstor, rangng a5 far as 23" latitude 1o
its noh and south. Tropecal ran forests have an average annuel tempesa-
ture of 2TC (B0F). This activity demonstrates visually how Eath's equa-
1onal reon recenes mone concentrated sunight, which produces
warmer temperstures.

Materials
* LSt source fom a shde projecton
¢ Tempersture-sensinve hquid Crystal sheets
e Small ball—about B em (3 in) dameter
¢ Glote of the world

Preparation

See the Resources section of this bookiet (page 70) for orderning
nformation for the temperstire sensitive hausd crystal theets  Sheets
with a serstivity range of 30°C to 35'C (BST 1o 97F) will work best and
will need 10 be Cut 00 strips about € cm by 30 om (1 in by 12 in) by you
OF your students before starting.  These are shiny plastic sheets, which
Logether with a bnght white ball, can produce undesnabie glare. You
may want to sechuce this glare by painting the ball dull black and coverng
the Squad Crysisl sheet with non-glare, transparent achesive tape.
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Procedure

& BExpenment with a peece of the
hQgad crystal sheet thet you plan
1O Use In Thes actvity. What
Color ncheates the warmest
lemperatre? What cofor mchi-
Cates the coclest temperatire”?
What are the n-between colors?

D Wrap the stnp thesmometer
SOound the crcumference of the
Dal andl tape It in place

c. Tumon the shde projecter. (Do
not ook directly into the light
source )

d  Hold the Dall, about 30 em (12
in) from he kens, withn the
beam of ight. Position the Dall
50 that the temperatee Sip 5
verncy

€. Hold the ball n the light Deam & £ 10 3 mirktes

1 Descnbbe your obrervations, using dagrams il you wish
2 D the ball heat unsformily? Discuss

Interpret
3. What co the ball and lamp represent in the resl workd?
4 Draw latiude and longrtucie ines on a diageam of the ball

Apply
5. Whch areas of Earth recerve the most direct sunight?
6. Whech areas of Earth receive the most oblique suniaght?
7. Why do ropical rain forests grow nes Eath's equator?

Glossary

Rain Forest—Large, very dense forest, ususlly in the tropics, whese annusd
ranfal 15 100 in or more

Tropical—Reters 10 region between the Trope: of Cancer and the Tropsc
of Capricom (23 45" latituade north and south). The chmate in this
FESON 15 Very warm except o hish aititucies
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Toplaforruﬁ\erkcsearch
Threats to the rain forests: logging, farming, cattie ranching, devel-
opmert.
e Ran forest procducts: rubber, tubocuranne (a medicingl crug),
mahogany, chocolate, ruts.
o Incigenous peopies of the ran forests: the e of Zare, the
Kaypo of Beazil, the Lua’ of Thatland

omnucm

. 4

After oot two minutes, the results of this expeniment should be
cleary visible; the strip of lquid crystal sheet should tum colors, forming
o bright spot in the center of the ball whese the ght energy is most
intense, sumouncied Dy bands of other colors which indicate cocler
semperstures. The ball, ke Eath, does not heat uriformly. (Earth's
rotation elongetes this hot temperature spot into a band at the ecuator.)
The larmp represents the Sun and the ball represents Eath. Latitude and
longitucie lines craawn on the ball would look something e this.

" Unes of

//

Equatonal regions of Earth receive the maost cirect sunlight, and poler
regons receive the most cbilque suriight. Direct sunliaght is more con-
centrated (1.¢., more light energy per square certimeter) than obique
surilght ancd peoduoes wanmer temperatures. Tropical rain forests recuire

warm temperatures, thus they srow near the Equator where & is warm
yex-round
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Changing Environments %

Peoce! And the settlers fockod awew,

T form honds spread, and the tovew lands grra;
Fat Davwd Booae nas WV 2! s

When be saw the eoake 19 Ais Somest tras.

—Arthwr Guilermm*
Goal
To depict an emvironment that has changed over time
Key Concepts
¢ Environemerts can change over time,

¢ These changes can ocour over difierert time frames.
¢ These changes may result Som natural Or manmacs casses.

Overview

Eorth's environment 1s shaped and changed by many forces; some,
such &s earthquakes, voICanoes, and violent storms, chanee the land-
scape Quckly, while others, such as erosion and ecological successon
ore more suttie. Peopie have ohvays changed their local environments,
wmmmmmmwnm
Earth's environement on & gioba! scale. In Wis actvaty studerts ilkstrate
Defore and after views of emvironments thet hawe changed, then iclentity
and classéy the particular agent of change.

Materials
*  Plain paper
*  Maing pens of Crayons
*  Materals for coflage (yam, felt, eic.)

Procedure
8. Read the following out loud,

Environments can change over time. Have you

CVeY Seen & ares that used 1o be grassy or wooded bt &

now covered with houses or shopping centers? Do you

inow of an atencioned parking ot or apartment buliding

overrown with weeds? Have you ever visted 2 lake

madie by & dam that blocks a mver? Imaqne expionng &

aried-uo mverbed or fincing & marine fossl e away Som

the oces  These are & examples of environments thet

heve changed.

Thirk of 8 local, netional, or global ervironment that hes changed.

Use art materials to creste & before-and-after represenation of

thes environment.  Try 10 be 25 imaginative as possitle, usng 2

* Darve! Bocre

ngo
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variety of matenals 10 creste Srawings, Collages of Cormas.

o THE STUDENT

1 Was the environment you dustrated changed by nature, ot by

peopie?

Dt the chanae happen quickly o slowly?

Do you think thet the change will be permanent of temposary?

Did the change afflect amything beyond the immediste environ-

mert?

S, Would you classity the change as a negative of a positive one?

Who misht disagree with you on ths?

6. Earth i 0 rouUp of many INteracting envicnments. What envieon-
mental changes could affect Ide all over Earth?

Glossary
Ecolomcal Succession—A progressive series of changes that slowly

retums an ares 10 its orgnal state; for exampie, an abandoned fam
Con become a harcwood forest n & century o two

Topics for Further Research
¢ Envronmentsl Impact Statement
o Desertficaton
¢ Amencan Panter, Thomas Moran (1837-1926)

\ 4

& w20

omtmam "

No doutt, students wil st a wide vanety of evironmental changes,
but they should e a0ke 1o Classity them acconiing 10 orgn, netuesl or
manmade; bme frame, long o short, permanence, lemponry o perses-
tent. The QUESHION ON PEMANENnce & Quite subective. Keep in mind that
few charaes really last forever but might be considered permanent by
the stucient if they last for more than & genesation. An example of 8 local
cherge with wicer ImpACations & . waerfow! no longer migrate 1o nest
and reprochuce in an environment where the mansh has been flled in to
busia watertont houses, Or . [he Aparmment complex was no longer safe
10 live in due o the rat and termite infestation. Dscussing question 6 5 9
3000 Wity 10 DANG Ot many Curent environmental ssues such as ol
spills, destruction of temperate and bopicel forests, and dumping of trash
N the 0oeans or in space. Try 10 compare these with long-term natural
changes that are documented in Earth's geological record Further infor-
meion can be found in the ibrry.
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Mav is 4 vompiex hewvy
Ae malis dowrts Harm—
ol b dw
Gl Stern
Goeal
To realize that Iveg systems respond $0 stimuli
Key Concepts

o Earth's enveonment 5 fesponse.
* Responses depend upon tme frame and magnitucie of the chstur-
bace

¢ Shont-term benefits often come with long-4orm consequences.

Overview

Earth's ervironment responds 10 and! assemlanes much of our organc
waste. Thes actwity focuses on that response and then asks whether ol
Such responses are beneficial. Studlents set Up an soUNNKC ecosystem
which they then poliute using small amourgs of househclkd ammonia
Stucients collect cs using chemical anahysis for up 1o S weeks.

Please note: Thes sctvly ondy Sesls with crpanse: poliutents whveh can be assmsted
Oy the oowonment. Two ofey Cotegones &f DORLISy ot rt nvestigaed hoe They
ot [ 1) haeredud Chemacals SUch 85 nucien wastes, nokstng wastes, andd cnucle o 4!
() s0-Caliedd nert nlntences such a5 Siess and Many DEESICS wivh o Sorsciesed
Undiesvaliie beciuse Iy S L0 NOIOUTEs 8 Uk COMan OROUMSINCES, mdy each
OC RO CES

Materials
For each setup you will need:
*  Ammona, nitnte, and nitrate test ts.* Encugh for 10 tests each
Cortainer, approwamately 1 lner (1 quant) capacity
Clear household smvnonis (not scented or sudsing)
Agqustic plarts
Fsh gravel'smal stones
Sunlight (or other light sowrce)
Distibed water**
Responsive Systems Dats Chant (page 41)

Procedure

4. Set up your aquatic system as Shown in chagram,
D. Add 10 arops of household ammonia per Iter {quart) of weter

* Thise acc avelatie Bom most Qe RUODNY OF Dt Shops.
** Lo water typcally has & rerete devel of £ 100 5 pants per sndion whch may be &
problem depencing on the senstavity Of your tte srehm it



and tr *
€. Measure the ammoni, nirte, and nitrete concentrations in the
waler using test ots.

 — T T

aquatic plant
gravel

d. Record o results using the data chan provicked.

€ Testweter regularly, sbout once every day for 8 week and then
once & week for the next four weeks. (Keep the water leved
constant by adcing more datifled water when necessary)

omsswomr

Observe

1. What changes in the ammonis level did you recoed?
2. What charges in the nitrite level did you recoed?
3. What chares in the ritrate level Bid you recond?

interpret
4. How much ammone wes used compared 10 the amourt of water
poliuted?
5. Dadd this amaourt of poliution “ruin® the ecosystern?

Apply

& What would happen if you added too much ammaonia to this
sysem?
7. What environenertal poliutants are similer i compostion o the

* T shoukd prochuce an aMMOonks Conceranon of shaut 5 pets per millon. F ths
STMONS CONCENINon oot De mesoured exsdy Dy your Chemcsl test b, you will
need 10 sdiust the number of Groes Of amemones That you ackd
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ATUNCNIS In Tis experiment? Do they affect the enviecnment in
sl ways?

8. Probably the most wisitke result of ths expermert is increased
PNt Srowth. 15 ths shways 8 900d thirg? Discuss.

9. Poluting the water in $his ©xperiment i companble 1o dunoing
SeWaae in 8 lake. 15 s o logcal wary 10 Sspose of wattes?
Disouss.

10. You added & substance thet, in ressonabie amounts, plants and
DACtend Can break down. Name some poliutants that are not
exsily broken down. What heppens when these indks of pollut.
ants ore addect?

11, Your expenment “recovesed” rom an ammonia level of S parts per
milion. Design an experiment 1o determine this system’s toler-
ance level of ammonia.

Glossary

Ammonia—A strong smeling, cokorless gas composed of nirogen and
hycrogen stoms. Ammonia dissolves easly in water and the resultng
product, smmonis water o househoid smmon, s used for cleaning

Bacterie—Very tiny, simpie plants which can usually be seen only Srough

A MIKCroscope.

Ecosystem—A natussl neishiborhood conssting of Inving organsms, thelr
physical envronment, and the relaborahip between them.

Nitrste—A substance contaming the chemical formula -NO, ; for exampie,
potassum nitte 15 used 1o fertilae Crops.

Ninte—A substance contaning the chemical formuda -NO, | for exarrple,
sochum nirie is used as & food preservetive.

Topics for Further Research
*  Eutrophication
e Limnoiogy
o Sewase trestment facilty

ommafu

Initially, the ammonia concentration measures sbout 5 parts per
million, with nitrite and nitrete levels ot 2er0 (sudsng ammony may
contan nitrases). In a few days, the nirite leved iInCreases cramaticaly,
followed by an increase in the nitrite concentration. Then, the ammonis
concentration decreases, followed by a decresse in nitrites and finally in
nitrates. If you run the experiment long encugh (for theee to five weeks),
the levels of af chemicals should drop 10 2er0, provided the plants

4
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chemstry s a5 follows: (1) Plants Can absor some ammonia, but most s
converted to ritntes by bactena, (2) Bacteria convert $he nitrites 10 ni-
trotes, (3) Plants d0sorD the rvtiates. The Sraved cramatically ncreases the
surface ares, encourasing bacieris gromth. The bacterys are the ey
phayers in this expenment (not the green plants).

In this experimert, the number of drops of household, ammona
compered 1o the number of drops of water 10 which £ was sdded, is &
least 110 10,000, (Note: 5 parts per milhon is 8 measure of the amount of
pure ammaonis in the water. Household ammona & manly water, which
Cxplans why the poluton UG & anly 1:10,000 ) Ths smad amourt =
Enouh 10 stimuigie piart Srowth Bt not encugh 16 fuin your ecosystem

Like ammona, commercial fertikzer, sewage and yord wastes &e
nogen-besed poltants. They alfect the ervrcnment 0 Similyr ways,
causing algse and green plants 1o Srow n lekes and streams. As plares
die, they decay. This Lses coygen and releases SUDSIaN0Es which agan
stmuiate plork rowth. As more andd more clants e and decay, oxygen
levels in the ke decrease, and the type of fsh that & abie to live there
changes. Thes netural chain of events 15 greatly accelensted by organic
Polution. InCreased plant Srowth in SQUat: Systermns can also choke
weterways and ppes. Dumping polution in open lakes 15 not 2 logcal
woy to dspose of it Even though lakes Can recover Som small amourts
of organc POtubon (Semiay 15 what happened n this experment), they
uLally also underso protlemetc changes assocated with the ncreased
plant growen. If polhtion levels e 100 hegh o & system, plares and
anmals will e, See the “Overaew”™ section of this actvty where ques-
bon 10 5 addressed.  Students” expenmental design wil vary.

Recormmendatons DO Not make U the wesk ammonis solution
head of time as this wall serously affect your results. Elodes is 8 so0d
chowce of plants since it 5 hardy and easly ootaned. Good lishtng &
oo, Suniight or fiucrescent gt &5 better than rcanciescent ight,
which does not emit encugh biue lght for these plants to photosynthe-
size efficiertly. We recommend using chemecal analysis kets Gesigned for
fresh water U SInCe kits for saltwaner are 100 serstve. Conteol
SENUDS CoNt work well Because bacteria may 4t srowing and produce
sameler rests)

Aiow the abilty level of stucents 1o determne the method of data
colection. Gather Gualilatve cats by noting colcr charges durrg the
chemical snalyss, gather quanttative data by recordhing the numenc
values that colors represent. Studencs can Sraph the resuits
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Responsive Systems Data Chart

Date of Sampling

Ammonia

Nitrite

Nitrate
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Who Wins When the World Changes?

Ack for what end the bosrenly Audies shive,
Eartle Sor shone wne? Pride encoery, “ Ths for mne ~
—Alezawder Pope”
Goal
TO help create & avareness of cultursl diversity.
Key Concepts

o Lterature andd anguage feflect attitiucies ands revenl cultuesl befefs
o MORt Sobal msues are edremely complex and invoive many
points of view.

Overview

The ol of the film Biue Pénet &5 10 ncrease peopies’ swareness of
cument envieonmentsl issues. A grest dedl of cebate sumouncs most of
these Sobal ssues. Even well-respectied scientits and scholars do not
agree & 1o the causes and solutions.  This activity should help studients
appreoste the CoOmpiexty Invoived as they Stappie with current gicbsl

o THE STUDENT >

Observe
T WWhat Coes it mean 1o have 8 pont of wew?
2. How does our point of view affect our actions? List three histon-
cal or personel oxamples.
3. Read the Ioliowing except out loud.

Wie ahd not think of the great open plang, the
QoW &3 witd  Only 10 Ihe whie men was nature &
wilderness and only 10 fem was the lend infested with
wild anemads ot sevege people. To us £ was tane. Eath
wits bountiful and we were surmounded with the biessrss
of the Grest Mystery. Not untl the hairy men of the Esst
came and with Drutal frendy heaned INUSICEs upon us
ot the famibes we loved was it wald for us. When the
very animals of the forest began fieeing from his aporosch,
it was then for us the wild west began

Chief Luther Stancing Bewr, Oglaly Sioux
* A foay On M
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4. Whose point of view Is being decussed here? Whose point of
view is left out? Refler 10 yOur previous CRSCUSSION,

Interpret
5. What is meant by savese?
6. Whet is mesnt by civilized?
7. Who decicies which is which?
8 Can civilization be mistaken for savegery? If that happens, are the
results potertially destructive? Discuss.

Apply

9. Wine Or give & shor ol presentation SbOut & personal example
of meeting someane with an opposing port of view. Can you
put yourself in the other’s place? How did this expenence
Change your views?

10, kdentify the varicus points of view invoived in one of the following
gobal topics: deforestation, production of hazaedious wastes, use
of lonciwoteoiar, waste dsposal  Are there mone than two points
of view involved in arty 1opic? Why can you identfy with some
points of view better than others?

Glossary

Deforestation—The removel of trees or forest from the land.

Hazarcous Wastes—-Any weste materal perilous o heaith, producing
pemanent, demaging effects.

Topics for Further Research
¢  Deforestation
*  Hazarcious wasies
o Pedcan island, Flonda (frst U.S. wildide sanctuary)

om:mam ®

The gicbal issues acchessed in this aCtvty are compiex and nvoive
many Dorts of view, For instance, 10 sericusly lock st the msue of defior-
SSION we must consder the points of view represented by farming,
logging, cattie ranching, neects of 3 growing popLUition, sCentific re-
search, and cordenaton. Pecpie involved in these areas will differ from
ench other in their points of view. Encoursge your students to sesearch
each of these areas. Consicier harang 3 class debate on one global issue
USINg Vanous ports of view,
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Night Lights

And rime. O moow, frome yomder doam,
Tl sor dosom and svver dale
All maght the shinsng g sad
And s the sdext-Nghiad foory.
~Alred. Lond Temwynon*
Goal
To deveiop obsenvational and interpretive skills by using satellite
imagery.
Key Conc

*  Fires ancd city [rghts can be seen from Eanh orbit.
¢ Seeirs Eath from orbt changes our perspective.
¢ Excessive city lights greatly fimit what we can see in the night sky.

Overview

Stucients can gain & new spprecition for geoeraphy by examining
rgiht imagery from satelines, Movies cameras make pictures that are
qQuite cifferent from those madie by satelite cameras. The satelite
images in the Sim Slue Alanet, Inclucing the image of Earth at nighe, were
cnginally taken by satelite cameras v subsequently filmed by the
WAX comera. The pictures included for use in this activity are reprodhuc-
tions of saelite images.

Materials
*  Satellte images of the United States and! the Workd (pages 47, 48)
* Word and US. reference maps

Procedure

Study the smelite irnages, and dscuss the following questions.
Use maps only as & last resont!

omtsnmr ®

Observe
1. Lock closely at the dots of hght on the study prirts. Descrite
ther vanous shapes and szes.
2. Locate large areas of Dlockness. 'What could they be?
3. Try 1o identify some of the largest dots of kaht.

' Edogue
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4. 5 your hometown's location bright or dark? Discuss.

interpret

5. Ave 8l of the ciots of aht cites? Explain.

6 Why cant you see clouds n these pictures?

7. The pictures are actually photomosaics; that 5, one picthure made
froen many pictures that fit 1ogether e & puzzie. Why was this
technique used 1O make these pichures?

8 Could ol of the pactures have been tsken dunng one orbit?

9. identify dots of light that are probably fires. (Consider the time of
year thet fires are Sely 10 De prewalent.  These mosaics are macke
from pictires taken curing Novernber 1o February.)

Apply
10. Where would you choose 1o buld en mstronomical observatony?
Why?
11, Which countries are well outined by Ights? Why?
12. How would ether view have iocked 100 years 2907 'What might
it Jook ke 100 yesrs fom now?

13. Could you use these cata 10 estimate population density? Wiy or
why net?

Glossary

Astronomical Oteervstony—A bulding equipped with telescopes and
desgned for cbserving celestial Dodies.

Geostationary—Description of an Eacth orbit in which a satelite is revolv-
N3 ot the same e &s Earth rotates and thesefore appesrs 1o be
stationary when obsenved from Eath.  Only satelites in ¢ crouer,
equatorial ortxt ancd ot an aititudie of 35,784 m (92,292 mi) can be
SEOSIALIONArY .

Photomosac—A group of senal photographs put 1ogether 1o form »
cortinuous photograph of an ares.

Topics for Further Research
¢ Lignt poliution

¢ Human geograptty
*  Low-pressure sodum lamps

omman ®

The cots of kght on this print can be grouped Ito three main catego-
res. City lights, vegetation fees, and 983 bum-offs in oil fields. The
baghtness and proasimity of lights 10 each other detenmines their shapes
and szes. Ao, the camers that tock these pichures is extremely sensi-
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tive, anct overexposes the very brght lights. Rain forests and desents are
remarkable for ther absence of ights. The Ights seen in these sreas are
probably fires.

This picture s madie Bom numerous images placed sice by sice lke o
Jasaw puzzie. Researchers use the best and discard any thet are blury or
cbscured by cloud cover; these mosaics are based on images taken over
& ten-year penod.  This picture could not be madie during one ortit
Decouse typical satelites (except for geostanonary ones) ortit Earth more
Than once & day. This means that it is right on only pert of Earth curing
one satelite ool Geostationary satelites ottt over ¢ feed position
above the equater and therefore can image only the area directly below
them. The camera’s fiekd of view presents another limitation: the weather
satelite thet tock these images scans & pole-to-poie swath of Earth 3000
km (1840 mi) wicke on each orbit,

Fres appesr in this image 85 fine dot-like specis; note East Abica
(images taken 0 Seplember) and the hishlands of Southeast Asia (images
taken in February). The Amazon and Congo Basins are aiso ablaze during
ther Cry seasors, but not in the image here. I genersl, however, siash-
and-bum fires do not show up well in night satellte Images since they
fend 1o OCOur Guring the clay and ther smoke cbscures them. This peac-
Bee requres large amounts of land and is therefore rarely employed in
densely popuiated aress.

Large, brghtt dots in ol-rich areas of the workd ane proostly s bum-
offs; however, only some ofl fiekds employ this practice o thet not all od
fiekds are seen easly from space.

From a large city, you can see only the brightest metecrs (shooting
Stors) anc & few hundcired stars. Compare that 1o the courtryside where,
about 2000 stars. Ideally, you wertt 1o buld astronomical cosenetones in
aress with very lttie light pollution, though in reality Pes leacs you 1o
remote regoms. Hstoncally, cwvilizations settied near tivers and ocesns
SNCE Water Was 3N Imporiant mears of trarsportation. This many coun-
s that have fiver or ocesn borders are well outined by kghts. No
doubt this phenomenon would have been even more obvious 100 years
430, At that hime there woukd have been far less city ightng and! prob-
aboly more vegetation fires.

5 1t possitie 10 predict the next 100 yeawrs? Wil we become more
energy conscious? Will we lose macr energy souces and be unabie to
ight up the night? Your studients should be able to explan their predic-
pons. This imase could not be used 10 accurately estmate population;
some of the trightest lights occur from ges bum-offs and from the lishts
used by nisht fishing fleets. Some countries empioy more efficient
lighting practices than others (compare France with Englen), some are
More energy consenang, andl others have fewer resources (for cample,
the United States uses 75 trmes as much electricity per capis as does
Incha).
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Solar Heating

R

A ro the san had stretched ond al) the A,
And now suw doppnd mis the westers hay,
Al hast Ae rose, and hstched iy mantfe N
Tomarmow t7 fresh avods. asd pustares neae,

—Johvw Milsow*

Goal
To oosenve heating due 1o solar energy.

Key Concepts
¢ The Sun heats Earth.
o Varous surfaces and substances con affect the degree of soler
neating.

Overview

Shudent groups inveshigate solar heating by puthing seversl Dowes in
surlight (or near Ight bulbs) wath thermometers insice. Then they record
the temperature nsicle the box over a penod of several hours 10 evestl-
gate how effectively each box sbsorbs the Sun's energy. Experimental
desan is changed and rvestigated Troushout Tes open-enced activity,
Materials
Shoe bowes
Clear plastic wrap
Thesmometers (small encugh 1o fit IMo shoe bowes)
Black conmtruction paper, sluminum 1od, and masking tape
Lamps with Incandiescent bults, if sunight is unaveilable.

Procedure

Place a thermometer inside &n empty shoe box and try one or more of
the following:

Cover the box with Clear plastic wrap.

Une the b with black construction paper or sluminum fod

Tit the boxes toward of away from the ight,

Place the bomes in suniight or nesr 3 lght bulo.

Place the bomes in o Cork area (10 simulate night).

Cbserve how the temperstuse changes dunng your different expers-
ments. investigate your own idess. Try maiing comparisons by setting
up the experments in pols: one In the Sun, one in the shade; one box
covered with o, one covered with clesr plastic wiap, and 50 on

¢ Locim
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o THE STUDENT ®

1. What happers f we wear dark clothing on 8 suney cay?
2 How could we use soler energy most effectively 1o hest homes?
3 Howis Eanth lke & greerhouse?

Glossary

Greenhouse Effect—The absomton o fetenton of the Surt's radiabon
0 Eath's atmosphere, resulting in higher temperatures.

Solar——Having 10 do with the Sun.

Topics for Further Research
o Radhant enorgy
o Pastive soler hesting
¢ Greerbhouse effect

omm ®

We recommend sUessing the evestgaive Drocesses in ths open-
ENCed activity, rather than Inying 10 craw conciusions. Keep in mind that
e conoept of 8 controlied expenment s hard for most children 10
understand before the junior hich years

Dark clothing sbsorts 8 lot of the Sun's radkation while white clothins
reflects more, thus we genenly fee! waemer when we welr dark clothee
Houses are Dest warmed Dy the Sun when sunbaht shines directly
through the wandows and s not blocked by overhanging eaves or nearby
trees. ideally the rays of the Sun will warm up stone or brck rside the
house witsch will shore hest and release & dowly &t night. Keeping win-
dows closed helps 1o trep the heat insicde. &'s hot inside a greenhouse
on & sunity day because the heat 5 trapped insicle. When sunight
streaming troush the giass of a greenhouse sirkes & surface, lght energy
Changes to hest energy which 6 then tepped Dy the glass. The Sun heats
Earth i o smilr way. Eath's atmosphere, ke glass, lets gttt Shroush bue
holcs heat in
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Groundwater Filtration Model

Wby avire covrymdesy
Nov gnry drap fa dramd
wSermved Tayler Coleridpe”

Goal

To demonatrate the natursl weter Sltsation propertes of Earth's sock
loyers **

Key Concepts
e  Eath's rock layers filber weater 83 R passes through them
¢ Earth’s Aabion propertes are mited
o Eorth's Aluation peooesses Can reach & saburation posnt

Overview

Undiergroundt waster 15 usiaily Cleaner than woter found on the surfece
of Eanth. Only paet of Our rain stays on Earth's surface in rvers, kees, and
wveams. Much of & percolates down hrough layers of sl and rock 1o
tecome groundwater. Exth’s different rock layers fiker Gt polhutants a8
the water passes through.  This actvity demonstrates some of the filtering

processes of Eath and, lke Earth, it cannct filter out oll, petroleun prod-
ucts, or dssoived chemicals.

Materials

Clear plastic bottie
Gt Mty water
Sand

Charconl

Cheesecioth

Muckay weter

food colonng (opbanal)

Preparation
Collect mudicly waber from &
stream or make your own. Flour and

clay sol make 9o0d pofhstants.

* B e OF e Avcerd Marrer

** Ths actvey s Dased on an Kica
Publshed i e Wiste G, # cumoium
B puinhed Dy the L Soece
Corter Usec with perrmmsion
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Procedure
0. Cut the bomom out of a plastic bottle &5 shown in the diagram.
D. Mace a piece of cheesecioth over the mouth of the botrle sndd
secure it with 8 rutlber bandd, Thes hoids the charcoal in the
Dottie; it hes no significant filaton propertics.
nvert the bottie and fil according to the clegrom
Flace & glass under the neck of the bottie 10 catch the water &5 it
arars.
€. Pour muddy water nto the bomie and wait for it to dran throush
the bottle.
CAUTION: T 5 Oy 8 mocke! 10 el you visushoe Eart's Snstion Docess.
e wattr may st8 Contarn Invisiie, Dur Aavnilsl Dolutress o8 fterng and
wm‘::xmbm COmpien Drooesses ane neecied 1 purty
werer :

an

o THE STUDENT ®

Observe
1. Wiite & brief paragraph cescnbing your obsenvations.

Interpret
2. How 5 your mocked simily 10 Earth?
3 How s your mode diferert rom Earth?
4 Where does the pollution 907
5. Does your mode! have 0 satuton point? Investigste ths and
dscuss how this meght relate 10 Eath?
6. Why s the order of layers important?

Apply

7. Ave all water poliuterts visible? Discuss.

8. Rezpest procedure step € Using woter that hes been “polluted”
with food colonng. Compare the fltration of the mudidy water
and the colored water and relate your findings 10 the real world.

9. 'What factors affect Eart's water-purfyng properties?

10. Do some research to find out where your town's woter supply

onginstes. & it from a lske, 3 reservolr, grounchwater, O another
source.

Glossary
Grouncwater—Waner beneath Eath's surface, especially water thet seeps
Sowrmwand and sstusates the soil.
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Topics for Further Research
»  Water purification
o Waste disposal and cty planning
*  Groundweter

ammam &

Whike studient observations wil vary, they should each note thet the
ity water poured o the 100 of the SpRMBIUS Comes out clear &t the
bottom. This mode! smmudetes Eath’s vanows layers, But in actuaity, these
difer in structure from region to region. (This modied takes only 8 few
centmeters 1O sinulste Puncireds of meters of rock and sob, thus the use
of charcosl, which is not 8 common rock layer ) Most visible pollutants
stay In the rock layers. Organic polhtants tend 1o decay, Inorganic
chemicals may remain lodged n rock layers for long periods of time. The
modied reaches its saturstion point when the water at the bottom comes
out dirty. In s mockel, the coarse 1op layers filter out lorger particies anc
the lower layers catch increasingly smaller poliutarts. Marry desobved
politants are invisitie or transparent andd, ke the food colonng, cannct
be removed by simpie e, A number of factors afect Eath's capa-
bility 1o filler poliutants: theee such factons are the amourt, the concentrs-
tion, and the toxicity of polhsants.

DO NOT DRINK the wetior Som ihs mociol some of the most harmil polutants
o n walter st e e soers
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Monitoring Ozone from Your Classroom

The machne oy mot sadaty maw
frove the geest prodiieres of matuer
Fut ey kim macre devply md them
— Artane de Sarvt £ pery®
Section |
When Does the Ozone Hole Appear?
Goal
To determine the time of year that the 0one hole 8 most spparent,
Oy using achusl data.
Key Concepts

¢ The czone hole & only apperent cunng Certain months.

*  Alhoush the term ozone Tole” is widiely used in popular and
soentific Inerature, the phenomenon s more comectly described
a5 3 low concentraton of azone.

Overview

Studients CONSUCT & graph Lsing raw dats obtsined from ortiting
satefites 10 determine the time of year thet the ozone hole 1s most apger-
ent. Students also gain expenience with maragng a lage amount of data.

Materials
¢ Data table: Ozone Concentration For Lattucies 90°S 1o 3075, 1967
(pages 61 and 62)
* Graph paper

Procedure

Referming 10 the data in the Ozone Concentretion data tatie,

8. Determine scale for each axis; plot OZONE CONCENTRATION
(Dobson UntsDU) on the vertical axis and TIME (days) along the
horzontal acis

b. Using these ciata and the graph paper, construct a graph showing
the relationship between ozone concentration and day of the
yeur

C  Label the months on your graph, comeletng numbers with dstes.
NOTE: These are 8 kX of clota here. You may wand 1 e Hom i one of e

folowng ways: (1) plot only every senth dey, (2) sverage every 10 diny’ wors
of cite andd plot s sverege volue, (1) plot & sl porton of dite, then

¢ W S A Sy
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Camtane your eforts wish Clessmates’ work 10 prochuce one lrge guoh e
e 1D Lie & comiant scale

o THE STUDENT

2 4

QObserve

1. When s !he ozone concerteation lowest? Give month anct
Season

e mnummmw Give month and
SZASON,

Interpret
3. Do youneed 10 plot each day's Dobson Units? Explan
4. How s the ozone level related 1o the time of year?
5. Which is the best description of 8 low number of Dobson Unis?
e Anages of no ozone
D Anares of low concertration of ozone molkeouies
C. An area of hish concentration of ozone molecules

6. Would you describe ths phenomenon &5 8 “hoie™? Why or why
not?

Apply

7. Why do you think the czone lovel begirs to decrease when it
does?

B What 5 he value of using an entire class 1o analyze these data?
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Section Il
Have Antarctic Ozone Levels Changed in Ten Years?

Goal
Shucients will generate and interpret false Cokor plots of czone deple-
OO 1 Ararclica Over & 1en-year penod

Key Concepts
*  Ozone concentrations over Artarctica have changed in the last
ten years
¢ LUsing color 1o represent data smplfies data interpeetsbion

Overview

Qrone piots putished N NEWSDIREs 3nd MISEZINes may be fam-
iy 10 youu, but do you understand them? In this activity stucients gener-
ate andd interpret such piots 10 gain & better understanding of ozone
depietion n Antarctca. This exercise modiels curent science by usng
color codes 10 facinate data interpretaton.

Materials
o  Ozone plots: Totel Ozore Monthly Mean, October 1960-1669
(pages 65-49)
o  Ozone pict: Antarctica: South Poler Piot (page 63)
o (Colored pencils - 16 ciferent colors

Preparation

Line crawings may be enlirged on 8 copying machine-—enlarging 150
percent will put one plot hoazontally on & standard page. The iine
crawing, Artarctica: South Poler Piot, can e made R0 8 ransperency
e SESMPosed over piots 10 provicde Seogrephicsl informaton
Divicie your class and generate 3 few senes of piots 1o save time.

Note! Each semes may fave & et cokor by ud the coky ke rust be e same
withn 8 senes

Procedure

Working in studert groups:

3. Determine color values for the Dobyson Ut randes.  (Technicars
wtikze computers to assign specific colors 10 specific anges of
Dotson Units. For exampie, values 100-124 may be yellow, 125~
149 may D¢ cange, and so on.)

b. Color e key on each of the ten piots, Using your chosen Colors.

¢ Color each plot, usng your colcr key 10 guidke you
Node: Some Doty maty Whow anly 8 few of the Cokors om thew ieys
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o THE STUDENT

Observe
1. Ust the value and yeur for the lowest 02one concentration in these
ara
2. Describe the seographc location of the czone hole.
Interpret

3 Descrioe the general rend of azone values from 1980 1o 1989
4. Does the czone shways drop from year 1o year?
5. Why are ten years of diata better then two?

Apply

6. Should we make hundhed-year precictions usng 1en yesrs of
dats? Descuss

7. How would a plot for 8 speciic day differ from & monthly mean
piot? Why interpeet monthly mesn plots versis datly plots?

8. Collect pictures of ozone plots from magazines and newspapers.
Compere these piots with ones you genarated in this experiment

9. ¥ your class produced mone than one senies of picts with diflerers
Colox kys, compare these keys. Which are the easiest to under-
standl? Which do the best j0b of depicting the data?

Glossary

Alstral—Southem, or having o do with the southem hemisphere.

Crivrofiuorocarton (CFC)—A compound conaining cartbon, chionne
end flucrine atoons; an exampie 4 Freon™ , used in alr condiioners
andd refrgennorns.

Daotoson Unit—A meassurement of the thickness of the ozone layer, by an
equivaient leyver of pure ozone 938 at normal tempersture and pres-
e ot ses level, In other words, 100 DU » 1 mm of pure ozone 98
&t normal temperature and pressre ot 5o level,

Ozone—A form of cxygen produced by energy rom uitraaciet radhation
O elecanclty such as fghtning. When presert in the air in higher
CONCENations than nommal, it can be detected Dy its sharp pungert
Ocox, which resembles weask chiorine

Poler Night—The period of totsl darkness dunng the winter months that
OCOus 3t both of Earth's poler regors.

URavioiet Rays—The invisibie rays in the part of the spectrum beyond
viclet. The wavelength of ultreviolet rays & shorter than those of
visitie viciet and longer than those of x-rays.
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Topics for Further Research
o Nenbus-7sstelite
o SSBUV (Shuttie Soler Bacikscamer Ultraviciet) rstrument
o  Chicrofiuorocarton

More Ideas:

o Color cooe and nterpret e seasonyl piots provided (anusry,
Apal, Ay, Ocscter 1987)
Research czone chanaes according to lebtude.
Research ozone measurng techniques pror to 1980
Compare Archic and Artarciic ozone levels.
Upciate these expenments Dy researching cumernt ozone values

omzmcnu ®

Secnon | According 10 these daty, Ihe Czone reaches its lowest
values in October, whech is spreg i the Southem Memesphere. The
hahest concentrations of GXone OCCLr Over Antarciica in January, med-
sustral summer.

Studert graphs should ook something M the one below.

OZONE CONCENTRATION FOR LATITUDES 90S to 305, 1987
0

|
!
g.,.

8

— »

° 100 0 %0 400
T (Bemyw

Sometimes 100 much dta confuse rather than Clarfy an ssue. The
actity focuses on encls, thus it i not necessary o plot esch day's
Dobozon Units. The ozone levels are fairy consstent throughout the year,
with a noticesbie crop in September andd Ociober. Low readings of
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ozone mean these are fewer 0ZonNe Molecules In that particuler orea. The
ozone hole 5 more aptly described as & low concentistion, since 1o date
there have been no recorded readings of 2ero for ozone.

Ozone concentzation i lowest n the sprng, following the coid
winter. SCientfic stuches link azone level 1o stimosphenc tempersture.
Students can benefit fom each others” work, accomplishing mone a5 3
Class then they could incividually, Before scientists hach wicke sccess to
SLper-compiterns, they often employed rooms full of pecple using
colcuanons 1o manage large amounts of data

Secton Il The messurements for 1987 and 1989 are equelly low ot
125 0U. The greatest ozone cepression is primarily over the Artarctic
continent. Using ten years of cata, the general dowrwerd rend of ozone
levels is quite obivious, Bt would not be clear with only two years of
cena (note: 1987 andt 19083).

We have not been collecting ssefite data long enough to yiekd
sitstically accurate, long-term predictions, and must, theredore, nconpo-
rete clata from ground-based Czone-montorng equipment as well. More
clata are usually preferred and generally yiekd better (more refisbie) results
than less cata. Deta sets, both small and large, must be subected 10
sophisticated statstical analysis 10 test thewr reliatilRy. Daily plots are
more compiex and show far more detall. Monthly aversge piots are
easier 10 interpret because the piots are simpler, without the extremes.
Collected azone plots shoud ook similer 10 the cnes your class gener-
oes. The cokr keys will differ since these are nonstanderd and depen-
dent upon indivichusl scientists. Color keys are often based on the visbie
spectium, or rainbowy, and range Fom haht to dark for high 10 low velues.
You will note larger differences if you collect & daily piot, which wil look
fer more compllex for reasons described previously. (Color keys are 8
memer of personal preference, thoush some communicate betier than
ofhers.) Students should e abie 10 suppont ther conclusions.

What's the Scence? The large, rapid, and unexpected decresse n
the amount of sprngtime Antarctic azone over the kst decade cannot be
sttriouted 10 known natural processes. Although there is increasing
eviderce that present-Say poliution plays & majcr roke in this, scentists
do not, &t thes time, have 8 model that adequately simuiates the chemistry
or weather condiions that accompany ozone depleton. The foliowrsg
paragraphs autfine our cumert understanciing of ozone chemstry.

As sunlight strikes the upper stmosphere, Ciygen Mmolecuies freact to
form azone *  The resulting OZ0Ne CONCENMItion IS rather small but £ has
8 very imponant effect. The ozone 9as absorbs much of the Sun's ulre.
vicket rachamion, ** which woulkd harm life on Earth in excessive amounts
As azone absorbs ultraviclet light energy, the temperature of the sur-

T A moleduse of Saone consats of three stoms of oeySen bonded together
** A componert of sunight
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OUNCENG A INCTeases.  This wWarmmer ar Joes NSt Mix with the cooler ar
Deneath it, confiring the maorty of the ozone 92 to the strstosphene
(aoproemate sittude 25 kmor 1S mi).

Ozone may reman in e RMospiere o Cecompose back 1o oxygen.
Two things seem 10 speed! up the natural process of azone destruction:
(1) e presence of politants such & aides of mtrogen and chicrofiuo-
rocarbons (CRCs) which catslyze® the reaction, end (2) the presence of
poler syatosphenc clouds, which provice aerosol surfaces needed for
I CotalyZed reachion. Also, Censin westher conditions, such s suniight
and extrernely cold \emperiures, &re necessary jor the acocierted
arone loss. Winds, high in the atmosphere sbove the South Pole, creme
& fable vortex** thet concentrates the cold, and thus the czone desing -
bon. The resuling severe cepietion of ozone s localized sbhove Antarc.
Bea andd 15 Senenlly refemed 10 a8 the czone hole.

The ozone hole appears in the austral spnng, followang the continent’s
coldest season and poler right. Qzone depietion over the AsCHic 1§ not
a5 well defined 25 in Antarctica. The relatively wirmer nonern climate,
Offerent distribution of lancimasses, and lack of & stable windy voriex are
hougnt 10 e reasons for this.

The ozone hole cannct be seen Dy the human eye, but must be
messured Dy specyl instruments. Since 1978, ;e Tolal Ozone Mapping
Spectrometer (TOMS), 80 mstrument aboerd the Nimbus- 7 sstelite, has
Deen oserving O2oNe levels by measur g ultaviciet raciebon thet =
backscattered by the ssmasphere or reflecied from Earth's surface.

TOMS measures the total azone from the ground 10 an sittude of 50
m. Each section of the fat ozone piots, generated n this activity, repre-
sents 4 Column of amospiwere thousards of meters thick. TOMS mess-
wres ozone values from above for the entre depth of the atmosphere.
Since thes thype of 0zone mapEng requires sunight, measurements
Connot De Mace 3t NNt O N ROl oS Surng ther season of 24-how
s (Dol naht). Although TOMS coliects ozone dia for the entire
planet, the Gaa n these b exercises are only from the Southem Hems
sphere. The Shustie Soler Baciscatier Ulraviciet instrument, flown on
vanous Shuttle messions, Including ST5-34, asssts scientists in calbrating
TOMS. Ozone levels are recorced in Dobson Units, 8 measusement of
the thickness of czone yer, by an equvelent layer of pare Gzone 9as of
nomal temperature andd pressure & sea level. In other words, 10000 « 1
mm of pure Gzone gas 8t nomal temperature and pressure of ses level.
The average amount of czone ot med lattudie 15 3 mm or 300 DU,

* I ths naance, Ihe eacion i speeded up
A WA of vt
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Ozone Concentration for Latitudes 90°S to 30°S, 1987
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Ozone Concentration for Latitudes 90°S to 30°S, 1987 (cont.)
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RESOURCES
Teaching Materias

Geology: The Active Earth, Cumcuium gude for gradkes K-7.
Avaiabie from the National Wildile Federstion, 1400 16th Steet
NW, Washington, OC 2003462266 [1-800-432-6564)

* The Waste Case. An actvity based teaching gusde on rash and
the ervironment. Contact Bubl Science Center, Allesheny Scuere,
Petsburgh, PA 152125363, Almn Wayne LaBiar [412-237.3343) for
orderng information.

«  Global Warming and the Greenhouse Effect, Acid Rain,
Convection: A Current Event. These and other teachers guidies
e aaviabie from LHS GEMS, Lawrence Hall of Scoence, University
of Calforne, Beteley, CA 94790 [415-642-77T71)

¢ Temperature sensitive FQuidd crystal sheets. Than plashic sheets
that change colons when exposed 10 vanous tempeatures. Awel
oble from Edmund Soentific Supply Co., 101 East Gloucester Piee,
Bamngton, NJ 08007-1380 [609-573-6250]

*  Greenhouse Gas-ette Newshetter, Avalabie 10 echucanons bee
of charge. Request on school leterhead fiom Climate Protection
satute, SE33 Balmoesl Drive, Osidand, CA 94616

* Earthquakes: A Teacher's Package for K-8. Actwity based
Teachers Associanon, 1742 Connecticut Avenue, NW, Washangion,
DC 20009 [902.398.5800)

* looking At Earth. Ecucetonal sctivity pachet developed by e
National Ar and Space Museum staff 10 accompany school tours
focused on Eath expioration.  To request the cument school tour
beochure, waite the Tour Scheduer Office, P.700, National Ar and
Space Museum, Washington, D.C. 20560

Pictures and Posters

o Larth at Night. A detaded andt pformative poster of seellne
mages of Earth &t gt Avarlatle Som Hansen Planetanum, 1098
South 200 Wiest, Sat Lake City, UT 84101 [1-800-321-2349)

*  Nighttime images of ndradusl cortinents fom space. Avalabie
from rtematondl Dack-Sky Associstion, 3545 North Siewsrt,
Tucson, AZ 85716

o Photographs of Earth from ortit. Can e viewed on microfim at
the Utrary of Congress, Wishington, DC. Can be ordered fom the
EROS Data Center, User Services Section, Sioux Falls, SO 57108
[605-594-6151)

*  USGS setelite image maps. Cormact e U S Geologes Survey,
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Earth Science Information Center, SO7 Natona! Certer, Reston, VA
20092 [1-800-USA-MAPS| for & free Istres.
*  Maps of Artarctica, the Arctic and many oiher dress are avallable

from the National Geographic Society, Washington, DC 20036,
Write for & compiete map list.

Nticlesmd?mpﬂcts
Suliven, W.T. 8l “Our Enclangered Night ~ Sky & Telescope, Vol
67, No. 5 (May 1584): 412414, Informative article on kgt and
racho wave ieakage from Eath.

¢ [OS-A Mission to Earth. Beautifilly iliustrated atiche on many
topics affecting change in our wordd, Wite: EOS Program Office,
NASA Headquanters (Code £E), Washington, DC 20546,

o Link, Terry, “Sources for a Smal Planet * Uibvary Joumnal (June 1,
1950). B1-88-—A series of biblographies on the envronmere,
nclucing pamphiiels, organizations and computer Galatases.

¢ You Can Do It. Sendd a postcand requesting this 16 page bocklet,
which lists wins each person can help improve the environment,
1o, the National Wildide Federnation, 8925 Leesturg Pike, Vierns,
VA 221840001

* Think Globally, Act Locally 1990 Earth Day. \deas about what
WE Can GO 10 addiress our envirFonmental protilem. Wite the U S,
Environmental Frotection Agency, Washington, DC 20460,

* Environmental Scorecard. Sockiet thet reports how members of
Congress vote on vanous environmental issues. Write the League
of Conservative Voters, P.O. Box 66500, Washington, DC 20077

* Protecting the Ozone Layer: What You can Do, Avalatie from
the Environmental Defense Fund, S27 Park Avenue South, New
York, NY 10010 [212-505-2100]

¢ free jeaflets on giobal warming and the greenhouse effect
Avalabie from The Union of Concemed Scientists, 26 Church St
Cambricige, MA 09938 [603-547.5552)

Films and Videos

* Post Fight Press Conference Tape 3. Video contanmeg mission
highlights from STS-99, <32, and -34; the thwee main Suttle mis-
reasonadly poced audiovisusl matenals are avaiable from NASA
CORE, c/o Lorain County JVS, 15181 Route 58 South, Oberin, OH
44074 [296-T774-1051 ext 293

o The Best of JPL. A vcdeo that nchucies o computer generated
ammation sequence similer to that seen in the film Blue Planet
Send $9.50 1o Treta, P.O. Box 12445, Glenciale, CA 91214,

*  The Miracie Planet. Telewsion senes which focuses on many of
the ernronmental topics addressed n the film Biue Panet. Con-
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tact Amitrose Vicken, 1990 Averve of the Americas, Suite 2945,
New York, NY 10904  [212-205-7272) for ongienng infomation.

¢ Powers of Ten. Classic filkn on the relative size of things, fom
the universe to the microwordd of cells. Ths nine minute film s
avalable for purchase or rental from Pyrammid Fim and Video, Sox
1048, Santa Monca, CA 904046 [1-800-421-2304]

«  Atmospheric Science: Earth's Atmosphere, A thateen mrute
film on Eartir's stmosphere with accompanyvss teacher gude.
Avallable for puschase from Coronet!MTI Fdm and Video, 108
Wilmont Road, Deerfield, IL 60015 [1.800-621.2131)

Books

* The Miracle Planet. New York: W H, Smith Pubhshers, Inc., 1990
Based on the PES televison seres that focuses on many of the
emaronmentsl 1opics adidressed in the fivm Blue Menet

¢ Buton, Virenag Lee The Little House. Boston: Houghton miffin
Co, 1969. A classic childrens' story soout the effects of uben-
ization and kgt poliution.

o Dilwrd Arne. Pligrim at Tinker Creek. New York Haper-Row,
1983 An author's CDSENNOns ondt 1eacions 10 the workd around!
Tirker Creek.

o Carson, Rachel Shent Spring. Boston: Houghton Mdfin Co.,
1962 A classic on ervironmental poliution.

o Look for & poster book 10 be published In conuNchion with the
film Blue Planet in 1991 in New York by Hary N. Abvams, nc.

Computer Software

* JEdI Project CO-ROM.  Compact ciescs contanng cument soen-
uhc Cata, cesigned 100 Use in the Clasoom. ACCOmEanyng
eSSOn RIANS SUSICst uses for e Dases. For more nformation
contact the JEG Teacher Cocrdinator, US. Gedliogcsl Surwey, 912
Natorgl Center, Reston, VA 22092-0998 [703-648-6635)

*  Geological Mistory. Use the softwere on an Apple Il computer
1D prick Ot & Seclosical cross section 1o buid & 3-0 model.
Crder from Sunburst Communications, 39 Washington Averue,
Pessantvilie, NY 10570-9898 [1-800-498-8597 ext. 2105)

o EarthqQuake Lad. Turs an Apgie || computer N0 & SESmorach,
wiich stucients Can use o messure ther footsteps or passng
ucks. Use with Science Toolkt Plus Master Module. Order fiom
Brodertund Software, PO Bax 19947, San Rafee), CA S4913.0547
[1-800-501-6063)

72 Blue Planet Educatonal Bookiet



WHERECANYOUSEERLUEPLANEI?’

The IMAX film Blue Planer, premiers in Washingion, DC in Decemnter
1990, Check with your local IMAX/OMNIMAX theater 10 find out when it
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