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1. Shafts of sunlight emanate
from the Sun.

. The atmosphere s?ﬂi
setting Sun’s blue and gre
wavelengths, letting oranges

and reds {90 WWW. k8resource&-.com

. On rare occasions, air
particles disperse and refract
the Sun’s rays to form a
green flash.

Credits: Grant W. Goodge Historic NW S Collection; US National Oceanic and Atmospheric Administration; Pekka Parvianinen, Turku Univ./EPOD




Water droplets can
reflect (bounce back),
refract (break dog)
diffract (scatter) K
rays.

glory with shadow of plane

Credits: US National Oceanic and Atmospheric Administration; Vanessa Pina/EPOD; NOAA/AOML/Hurricane Researc| h Div.
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Ice crystals c

also reflect, ar'ODIQE\/IEW)
refract, and =
diffract IfgRt 1By VW k&'@é s

sun pillar




rime ice rime ice

When the temperature cools,

moisture can cond«EVI EW
dew or freeze to fofm frlosk.

Rime ice forms during
sublimatiohp@ndiDsipRAIIIHEresources.com
water vapor passes directly to

the solid phase without being a

liquid).

Credit: Michael Theberge, /Maine Maritime Academy/NOAA; US National Oceanic and Atmospheric Administration; Grant Goodge, Historic NWS Collection




ACID RAIN

Airborne pollutants from the burnlng of fossil fuels

are brought Iﬂ_% precipitation--
damaging plants anlmals an ects.

(ONLY FOR

PREVIEW)

Go to www.k8resources.com

formation of acid rain map of acidity readings




OZONE DEPLETION

1. Ozone, an isotope of oxygen, forms a high layer protecting
against the Sun’s ultraviolet radiation.

2. Refrigerants, aer@ﬁmp zlg_d@er sources of CFCs
(chlorofluorocarbons) l€ad to the breakdown of ozone by uv rays.

3. The loss of ozone leads to risks for plants and animals,--

(leading to s(ibamrlf_orvopli.)_- O R

PREVIEW)

Go to www.k8resources.com

causes of ozone depletion ozone hole over Antarctica

Credits: EPA; SVS, TOMS, NASA




GREENHOUSE EFFECT

SAMPLE
(ONLY FOR

Warming of qremﬁlﬁhwgaﬁect

A some sunlight reflected 1 some solar radiation reflected by Earth

5 sunight €0 H@WWW. kBRE ST ATEEE i > mosehere
3 most absorbed by Eart

4 some of that radiated into space

D heat contained by glass 5 some absorbed by atmosphere
6 some of that reflected back to earth

Credits: Microsoft Clip Art (background); for image of Earth: R. Stockli, A. Nelson, F. Hasler, NASA/GSFC/NOAA/USGS

C surfaces emit longer wavelengths




9. WEATHER PHENOMENA

Rays and colors Certain phenomena in the sky occur because girthygerties of light in the atmosphe
Rays of unobstructed sunlight illuminate partidleshe air, but clouds and mountains cast darkadsWs
Although the ays from the Sun arrive at the Earth in a nearhalpe fashion, they seem to diverge w
viewed from a point orthe Earth’'s surface. Crepuscular rays thus apfeamanate from the Sun il
display showing the effects of perspective...Dustter drplets, aerosols, and minute suspended partic
the air scatter light. The particles scatter the'sfull spectrum of light in such a way that thley looks

blue, and suns~*=-red. Thi~is bec~tuse when thé~S=+ar in *he sky, it~22-must paksough mor
air—with its ' ust, water ve )¢ and . rosols = bhe :lessc. ter shorter v avelengths of blues and gr
while allowing ">~ velloy s a d ol wnes / nug n&* ar even r oo anounced after vol

eruptions. (Similan th . “CCZ, 20l - o th2 | ool during a Inar ecli se resultsniréhe Sun’s ligh
passing thro. ~h 2=, b ing difi it d £ the Ea ftmospher in ite p th to the Moon)...Temper.
differences cause different layers of air to haWfeent densities, making lighalys bend. Thus the Sun i
Moon seems to flatten during rising and settinga &rare occasion, when the air is clear and theedui
viewed over a distant horizon (as over the ocearfpreen flash” occurs. The air particles are thett
dispersing and refracting the Sun’s rays so asdate a separate image—a brief arc of green.

Water and colors Light can be altered in three ways. When ligtaches a surface boundary, it ca
refracted, or bent—as it is when a pencil is vievirdr glass bwater. When light reaches a surf
Found-it can be reflected, or bounc~d baak it is when shinina2n the 2 face of 2 !'n . elVigh
reac .es an ¢ ‘en 1t betw en articles, \ can smchiéd, or its irection ¢ angedx ‘t is vhen ti 2 sha
of t' 2 setting un s stol 2d. Water drop > > susbended ice ~rvstals ¢ in refract rel »ct a6 .t the
ligh rays cor ng rom hi su . Rainbows sometiggsear w 2n sunlig ! shines/ iire ity or fallinm.
Whei. 2.r2) of I ht en s t ~.o=*al rail Jrop, it is refrac 2d (bent a. theogld ace), . flecte
‘nternally, and refracted again on exiting. Beearesl light is refracted to a lesser extent, tls gre on tt
outside of the (primary) rainbow. In a double baiw (secondary bw) the ray is reflected internally twic
and the colors are in reverse order...Light candfeacted, reflected and diffracted without watepol
actually falling: Fogbows can be lit by sunlightponlight, or even car headlights...At times, thamybe ¢
glory at the center of a fogbow. The glory ocowren the Sun shines on mist or on a cloud fronghéh
elevation (from an airplane or a mountaintop). deedl rings (with blue on the inside) surround ayHue
center which may include the shadow oVviawer, airplane, or mountain...These events walilays b
antis='==wThe Syt he be'~=*mwicwer fadrk2 ro‘nbe =2~ avor glo.

Ice @ denlis  ahticiglso =f2atad, roflect d an dift =%*moce « yst Is T! s tim |, howevergth
resul 1g lightin \ges rein 1e same dire tif J@ st 1is. In halos, tii /e c /< alsin bghus cloud
refrac and refle | the s nlig "===onligh ¢ p er ~=./“oron , are ' nilar i appeazabu
they are diffraction by wat droplets instead of ice.)...Sundogs can appeane Sun i’ low in the s
and thin cirrus clouds are at an angle of 22 degaeeay from the Sun. Their small arcs of refradigiak
look like small pieces of a rainbow...Sun pilldarscontrast, areertical bands of light just above or be
the Sun. With them, sunlight is reflected by fadlice crystals, a form of virc

1e grourdis r2latily rverr, cew forns;aitis co der, fiast ¢rririe 2 forn s, Dew is-fae cander satio
veater vapor ¢ coolsurtices.. Frost canocclupetthernvatesvaper-Lordenses and tiven freezcba
water vapor sublimates. As in the case of snowlirsating gaseous water vapor forms solid crys
directly, without going through the liquid phadRime ice is created when supercooled water droplefisc
freezes on contact with cold surfaces. Since ithe ice forms so quickly, “flags” of ice can buiid the
direction from which the wind is coming. (In eaohthese the water vapor is deposited first ond
surfaces most exposed, such as blades of grassgsran trees, because they are the quickest &oHes
through radiation



10. GLOBAL ISSUES

Acid rain: Human activity has created problems with the lEsmvater, air, and temperature. Pollution haslesex
precipitation harmful to plants, animals, and peopResearch has shown that damage has occuriéewnYork
lakes,midAtlantic coastal streams, and the mountain®sag to acidic clouds and fog. This damage caralsed ti
sulfur dioxide and various nitrous oxideselid waste products from the burning of fossillue (Also contributin
to the problems are VOC'splatile aganic @mpounds, which are the unburned hydrocarbons fumis that hav
evaporated.) These pollutants are mostly givenbgffgasoline engines used in transportation andctiafired
power plants th .. gen. -ate el ¢ ricity.. | the p& ( les mpan ‘isib ty and ¢ n conuibute to asth, bronchiti
and other lung « fficulties. In"iry lepos i neth7 't ‘les settle tc the =Zarth, wi :re rain wasihes awayin acidic
runoff. In wet depus. an, t e pa ticler ai» b su ow o Zuithin ain, fog, »n snow. Either way, the oxi
change into su'furic ar . n 7c acic s, ¢ lan it g € ara er of surfe e water, (While pure water &gsH of 7
normal rain has o .. uf 6.0 due to wie conversianaturaly formed canvon dicaac o wweak carboadd. Acidic
rain, in contrasthas a pH of 4.3.) The heightened acidity of grouwader causes a variety of problems: As
animals, the most vulnerable are fish, with eggshatching, adults not spawning, and the young e affectec
As for plants, leaves and needles are damagedippesd, leaving trees more susceptible to the revag cold an
disease. As for manmade structures, metals coandemarble and limestone deteriorate in acid rais.a resul
buildings, bridges, statues, monuments, and autdenphint are at risk.Using alternative energy sources, hy
cars, and catalytic converters can reduce acidarahits harmful effects.

O7one b7_™7oner  an is¢ ope of oxyge in whith threeviisllia = ator Zvhemic ", nd togeth
(“istez «of two, a1tk 2 arm ¢ ox) jen neede ! far .ning). If it nat rally colle’ ed near he = ad of th » Eartin
once trated ar bur s, wc Ild e harmful, « = sgctal plants anc ha lunge of anima . = ste=d’ umiates

ighei up in tk : s atos, & e— vhere it pro desrateptive shi d agains the dar agi Jravi'et rays il
nlighe ChlaSiuor aarbor - (frc »rofdqerant: aerosols, propel uganfs, anc ~le=2-/ig sc vents) dlutant
re 2ased into the atmosphere. These CFC's rigeetstratosphere where the ultraviolet rays froenhn breakhen
down. Below 100 degrees, in the presence of ice clouds ovepdles, the released chlorine acts as a catal
break down ozone molecules into oxygen molecu@sone depletion has been greatest over Antareiththe sie
and duration of the “ozone hole” is monitored clgse The risks from the increasadtraviolet radiation ai
widespread—for phytoplankton, for fish eggs, fafldevelopment in young plants, afat people (aging skin, sk
cancer, eye damage, and immune system suppression).

Greenhouse effect and alobal warmina-Industrialization and other human endeavors &teihing other balanc
in the = ‘mosp. 2re.  Natui 's ¢ ygen-carb n diexi cle has been dist -bed . hun an  ctivitieefor® the
Industri | Rev/ utic 1, the  cart n_dioxide iven dffy esp ation in «1imi s’ was usd © plants durin
photosy wicois. TH piar S, intl n, released. xy .ichw sa ainusedin' 2s irat &l ng wit the “advance:
in civili: ation, com¢ byprc 'ucts of our technc ¥ i@nd | dus ‘al processe 5 He t g, fac iriemsportatior
deforesiation, mining, liveswck, anu 1andfills page increaseu amuunts v carbun dioxi' e, methase ag
pollutants. The resulting thickening of the atmosphearms the Earth, similar to the air hea’2d imeighouse...
a greenhouse, some of the Sun’s short waveleagition is reflected by the glass (A). Mostlu rest reaches t
soil, plants, and floor-keating them (B). Longer wavelength infrared ridiais emitted by the surfaces, but tr
longer waves do not pass back out through the ¢@)ssThe air heated near the surfaces risesaloertvection (D
but it and its heat energy are nehetess contained by the glass...The atmosphei@,similar fashion, keeps t
Zartvavarnt by preventing eeted air e ndiin rar dilbror-iiam cecaninn into spnce ~Of thetotaramef e S
an2rgy reachingy s (1) ftsral amou o of solea @ isiefleciac by h: Eria; (1)sm diramount is € osorl ec
reflecied by the atniospnerc; and (3) mustis aksbhy ine Carthisel. Of that amouniy, gemal poiuor
radiated into space as infrared radiation ; (5)es@rabsorbed by the atmosphere; and (6) someabfsheemittec
by the atmosphere back to the Earth’s surfa€the.resulting rising temperatures have been lirtked myriad c
changes in the Earth’'s ecosystems: Trees canveuiwither north and at higher elevations; snowecand glacier
melt: sea ice thins; animal habitats are threatened;migration patterns shift northward; fish die hesmof deplete
oxygen in warming waters; oceans rise; desertsrekmnd El Nino occurs more ofterProblems from acid rain, t
ozone hole, the greenhouse effect, and global waymill worsen unless people change their ways.




