
unfls 
iii" l,..~n111a 

tl'Nfi11~Yd1~Yfl11 a !11 ",; a~wn1'11m:U11fl1 Lil'lli~~ :U'IIl;rJLih i~ L n tl:U1 i~ LLii • • 
tJflri !l'lllh::'ifi~n Wtlf l.J11U1 'Yl'll!l~fl11~1n:U'IIl!tV~:: l'lith:: L tJ'lf'111 \lon11L~'IIL'1!l LL~1 IJ'IIl;EJ , - , . , 
U~ 1 'Jit \lon11Yl EJ1 nm.1 'l!fl'l!::~n L 'llf!l tJ LLn1U.ft::f!l Un'l"!l~ L \lo \lo 1ilm U LLft::Tl"'l"tllfl~Dn~1 U 

IJ\p.!!i' ~fll 'lUi Ei~ilm1:ui ~a·:hl"U.in111ftilm1~ili~oil'ifl a ijflil'1 uriu Lilm 11 

Harlow Shapley LL vi~ :U'II1'i'Yl tJ1trmnf11ft1tl1\lo1tll'"h iltl11~ili~-il1fl!l ~1h:::u1m 1 oo • 
~ ~ ~..~ ·' s~" . . .. 0 

il1\lof11~ "U.nf1111ft1Wfl'l"!l\lo!lu1~ I.S. mdovsk1 U.il:: Carl Sagan L'l!!l11 Shapley 

th::Lii"U.fhH~1hJ H!l~fl'll'lltr~ii'L~!li1 !l1~iltl11~ili~oil1t1!J!lfi~ 100 W\l.W"U.tr1\lofl1~ • 
(trillion) 

~ tl ~ ~.1 " .I ~ ~ .... ~ - ~ 0 ~ ~ 
"U.n 'l"::Yl\lolfl'IL 'IJ tl\l.L 'l"!l~ !1~111EJ1fl1Hfl'l" LtlLH\lo!J~\lotl\lo1n11'11 !l~ IJ\lol!ttl f11~f111 L 1 • 

'llft1U1t1Ul.Jl.J i~ LLii~il'ltli1~ LU"U.it11tl'l"::'llft1tl~fl1 L '110 !l\l.LLIJ I:H tti~"U.fi~'l"tli1~ L '110 !l\lo • • • 
vl\lo[J\lotl Spielberg LH"U.!loil1flii1~fl11L "'l"ti'IJ!HDfi ~fl\l.R1\lo l 'llnifinti un'il11'Yl [J1L ~!li1 • ~ ·a,.. 

fl11~illf1fl~L'110!l"U.rl1J~LilniiL~!l1imL,IJLV\loii~L~!l 4500 ~1\l.Uri!l"U. ilfl111JLU'II ttlt~~ • 
~::ili~O-il1 fl L 'II 0 !l\lo Lfl n a !11~ hii fl1:Ut111fhinfl1nfl1 Hfl fL ~ !li1 ili~il-il1 fl !l !lv\1~~1 n ln n • 

~~, .. ~, .. .I- ~tl .. ~, - ~~ 
'II ft1 tJYl\lou LLH~'II \lo~ u LLH~'IIIJ1 !HN'l":: U::'Yl1~11LLH~ Ltl\lo 'YI1~ L L 181'11\lo~u LLH~ Lfl'll 111~ Lfi 

• """" 11 r 4 o:tt• ... A .... """ ~ T i"! • A •• 
1\lo1'Ylft:: 186,300 LIJil '11\lo~uiJ 365 1\lo '11\4~1\l.IJ 24 '!!1 LIJ~i.i 60 \4111 LLft::'ll\lo~\lo1'YIIJ 60 
... .1_, ~.,j~l tJ t1 ~w~~'"tl 1\4111 LIJ!J.,1\lo1tiiLLil1'11\lo~uLLH~L \lo'l"::U::'YI1~ 1::1,11tll 5,878 Yl\loft1\l.L1Jft 'll'l"!l 'l"::IJ1tll 

9,460 W\4~1\loiiLil L:Ufl'l" ~1m 'YlflL "U.lft ~~mila ~1 "U.Uil~U"U.L n tl.lH1:U11mti"U. m~ ttl Ei~t111 
...1 ..1 I I .., - ·' ... .. .. ! - ..... EJ "11 !l tJ'II1 ~ Ln i1111 m::uu nu ::'IJ !l ~ L 11 LL,." !l'IIIJ 9111 t'J n,; (star) !l u1 ~ tl1 ~ !l1 11 t1 u !l n • • • 

o jj ~ tJ • T ~.1~ ~ 
:u1n1.11tJ ufl::LLflfl::fl1~ tl11Lf111::'11 (planet) L \lol.J'l111Lfl~'l"'l"!l1Jfl11t'Jn,; 'Yltl!l~fln\lo • 
fi!l ttl~ EJIJ"U.l;!i'lan~J:: Lii"U. m~ttlfi~m1~il-il1fll "1::1.J l.J~"U.ri EJ\lo '111!l'l!11ii1~fl11~1n lfln • 
.I " • T o A U .: .I o L "' 1 T "' ~ ~ o ~ o,; 
!l\lo~::L•I'U.111~1J1m Lilm11n!l\lo '11'~1l::L 'U.H~11l.J!ln11 fl'l"IJL'Ylfl 'U.Liltln11'11\lo1n11n\lo LLtl"~ 
oolo .. ,. 0 0 .... - 0 "' .. _ oolo .. ,. 0 

'YI "U.1~::mn~ Lann !l\lofl1 ~ fl1111\lo~1l1nl.J"U.:U1 \41';1:: Lu \lofl a \lo1'Yl U'Yl w~ :u1n ~ L nn n !l\lo • 
'IJtii::Lti tJ1rlUfl\lo t~rn~nli!l~"i'Yl u l m~flu (radio telescope) lfl uw'i~i1~J::i'ufla"U.1mJ~ • • 
w~ 1.11';11 n¥11~9111 LLii~ ~1\41.11 ~ fl Ei~ Lil "1 "m~au a !l 

. . 
huti!l'lltlfl1fl:U tJ 1957 H'II111Yll'I!LitJflLU\!o111iiu.'l"n~w~ Sputnik 1 ;1'\lottllfl~,. 

• 
'l"Ell.J lnnuuLiJ"U.flf~ LL 'ln~1fln~fl'llwn~;1'" tt1tm1l "U.El1n1fl'l'!ll.J lnn fl"U.~~tfl~tEJm wd~" • 
liin 
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..1 .. . • _.;: ..1 
VlflUI TTil~ IIJ'IIIJM'I1 n'll 'ln11'1U'Il n Lfl n IUUI'l f~ 11 rn u'l.,uuill'l1'liVitJIJV11ftumrtm 

l'liJU1fliJ'!I'Il~,..,fl1tJ'li1Pill'l'l l"'l~T'IllJ L fl n,.., 111 tJ 1'1 'l~ .. •mnu 
4'n1'l1fl (universe) tlr.:n'!llJtli'ltJ 11n llflfl~ (galaxy) ,..,fl1tlfl1Uiln ILflfl~ ul1l~~:: un Uflfl 

~m'l~ n~fl1tJ~un11.ll'l'N 1111'lt]n~'lu1,..,qj tiluLLnfii.JfiiJ ~iltl{jffim~1~Yifl'~~1u'!l!.l~~ 
.J .ol ~ r .• "1 r ~. ..1..1 ... .-1 o .11 "' • 
111'1llU~ l'l'N'Il1V1LiltJ'!I'Il~L11wUI'l1'l~nl!I'!IU11'lnfl1~ tUilnlLM'JIVliJ'll'll'l1 V11~111~LI.J'!ln (Mtlky 

..l -"' ..1..1 ... ., I' -"' '"' ~ _, • ·-' i'l .t-Way) '11-lluUILn llfll'l'IIV11Jtul'1~ lllJULuULnfltJ'l lll'l~'ll1V1LiltJIJLI!1 ILl'lu~'ll~ nn'll'lllJ'li'IHVl'N 

ih~L~'Iln 

11 n1111 111'111'1 Lit fri1U'l tu~1 u 1-lfl~'ll'll~f~n Lu.l 1,..,~ n1vhlh~1nfl~I\Lil~~~ Ln PI iili'II~IA1~ 
'11ntnn,..,fl1tJ~Ufl1UUilfl-l ~~1tlll'l1l-1~11111'l~ilf~n lu.iL,..,~n1rl~hil1l1~,..,fl1tJ~UA1U 
ilili'lu m'l~ilr~n Lu.il,..,fln ivhlh~~1nfl~l\11ldtr~Lilum'l~ilYifl'~~,uiJ1 n~ttl1lili'lu LLt~::tln n 

' v "" ..1_ j ~- l.l' v • ..1 • ' !l .l' ~ !J'l11JULf'lfl'llUV11'11-l'll1ln llllll'ltl'llPIT1rl'l11JLl''lV1 Ll''ln'l1 1/1 0 'll'll~f'l'l11Jil'l1Lfl-l lll'ltJL,..,II)\J 

4'nr'l1flL11~-l'lltJ1tJ~'l'll'iln'lti~'lltl1 
v ... v ..l ..1 ... ·" v ~ ... ..1 
tJ-ll.!,..,fln!f1U'IIUVl~L,..,IJ'ilU'I::flwlJfltfUn1l"lltJ1tJPI'l'll'!l~ "''nl''l1fl 1111'1 LVltJIJ'll'll COB E 

(Cosmic .Background Explorer) ~·.UUUlll1'liVitJIJJ~U1'1hri~~ilnitl1uil1989 tlutru~1ilf~n 
..1 ... ..1 .II v v ..1 v v '!I .f . _., 
Vl~llAl.J'!lU'I::Lntl'l11'il-lnlJ'InT'l1flVl'lltJ1tJPI'l Nn LL1Jf'ln71'lu (background radtation) LuU 

UMfi!) n1 TfU~ L~tJ'l rilJfl NWJ i:i ~1 ~~LUUfl NWJi:i~ LUUn~1rl'l1l.JLUU~il'!l~i'l LUlJU lfl n 

f~ndt11.,~" 1 nf'l ~u'll~ LPI1illJ'b.i 'Crt rL 'lV'J uA:: 'Wfl1l.J1 rnf111 rh itlltll 'l u 1 vt'llfLIJi:i LLII il fil1-H riuP~11J 
thu f~n~'il~~fltu1MJil 2.7 K (0° l'liAL~uravhriu 273 'MI'I1LflA~u) f<~ndl111~",mL~~ 
irl'll1tJ~PI1 LT11J'il-lLI!11Jth LLfi~'Wtr~ u,..,ri..,Liilll'llil-l Ufl>l'Lir ~ Ll-lil1lul'ln LIUI'ln11'lU'I:: LL~'Il'il n 

IJ1LniluLvhriuVlni1r~m~ Vl~!:t!)~'LirrumTtJ'IIIJruiJ1n~ttlll1umr'llfilJ1umrnu1u~'l'll'll~ 
4'nr'l1fl ut~::f-.~n LLUf'lnl'1'lU ~'II Vl~!:t!)Onuu~ (bing bang theory) ~~IUU'lltJ1tJ~h!if.h~ 

• ...1 IV ~-~ I • .IV - -~~ ' ... .:r 
T'llllLT'l'll'!l~flf\11 Ll.J'II 12-15 Vfwfl1UUV11Lfl'l 'lltJ1-l1fnPI'1l-!Un'lVItl11'11t'IPI1Vlrtnl:t1Vl~l:t!)U 

u~'b..i ILUI'I 1urfn~L'lfl1n17Lii!ll fi1T::'!I'II~Vl ~l:t!jd~'IIUT::lJ1Il.l 1.2-15 ~Uft1UU ri'lluf nl''l1fl 

ilfl'nl:ttu::fiJ11fll.J'IIriU,..,IJI'l (unifonn) 4'nT'l1fl'll~UzU'll'll-lflfi1~1L'll'lUI'i'lltJ'!I~1u'!l'ln11'1~~ 
LTtJn~1 Ylfi1fll.JT (plasma) tl11J1Lil1'!1'11~4'nT'l1fllflnn~1(n1'l1fl1uu'l-,tTU Y'lfl1fl IJ1 

U r.:n'lllJ ill'ltJ ri'lU'll'll~'ll::PI'IIIJ LLPl'lll.ll-lfJil~ ~-l'!l '11-l\'1 fi 1 t'IIJ 1Vh 1!X ri 'lU'!I'Il-l'll::lll'lll.J 'll.J T'll.J~ 'l rlU 

tuu 'II:: PI 'IIIJ flll.IWJil'!l 'll~On ILlJ'IVII'i 1fiiJ1~-liJ1n~'l'll1'1~-.l n~1,.., A 1f.l~'lltJ~uft' 1u 'II~ 1'11 

l'llflL~tJfl ~flNI-l1Jil~11U11'ltl\;ULNm'Jfii1Nii'llrlfltJT llfl::ILNLu.il,..,flnivJ~1'111'1'bJ LltJn'!l'lln 

'11 nriuiil\ L~ ul111l11f11rl~U:J1Un Lii111~u'bJ'Lif 
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xtJ 5.1 r::uu~i'tJ::Lli1111~1111~LI'ln:;l-fllh~ 11wr::uu Cru~lll1l-J~~TI'l"'r LLI'l:::'IIW1111 

ltlTUULVlUU (Ehrlich, et. al., 1976) 

Wavelength in meters 

106 104 10·12 10·14 

- Longwave radio-1--,-1--,-1 -Infrared- +-r-f----1 x-rays- -Cosmic rays 

AM, FM, aircraft, and marine 

Shortwave radio·-

Microwaves­

Television, r11dar 

Infrared 

---·Heat­
receptors -Gamma rays 

Solar radietion 
to earth 

760 

Ultraviolet 
', 

', 
Visible spectrum 
as seen by animals 

650 590 '530 490 

I I 
420 

-+--J--+ ln5e~t vision f--t--1 
Rod Orange Green Violet 

Yellow Blue Ultra\llolet 

• I - ..I ~ ' ..I " • I ..I ' ~ 1··1-~ Xu 5.2 l'lfl•N1WVIl-J1'nni11~~'tl1VIIIlU LLfl::i111~'tlW 1 L1..1lu'll'tl~l'll'IWLLl-JLU!'In nn1 

(Ehrlich, et. al., 1976) 
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~ 

mrnmfl !li''l '!lti'N 1"1111 LT'l'il'!l-l VI 111 A ).J 1 i1 'il cu Vlt;Jii n Cll n-1 '!l ti1-1 T'l"' L n tli'lfJ vh :tlX L;; "'n 'l . ' 
viTll..lft (neutrinos) 1hfli'W1T'!ll..l lUT(Il'!ll..l LLfl::il'llllT'!ll..l T::VI~1·:in1TLii(llUnUU-li:in-l~nfl'1-l 

- .t J! "' ' JS ' • I J! .:S- -~ J~ " AA1TLn(ll'iJI..Ivl'lfJLT!Jn'l1 LL'!ll..llll LU-MLIIl'!lT (antimatter) uT::n'!lUVI'lfJ LL'!ll..lllll..l'lVlT I !..In ll'lnlllT'!ll..l 

LLfl::LL'!ll..l~lUTIIl'!ll..l L0'!lLTrilll11-J~AA1TLLfl:: LL'!ll..l~ UI.JYI Llll'!lfi!UriU l!uli1fl1fJ fl1-l 01..1 IJi'-l,il..l 

;-l Liilll m11-Jii nfl'u~ Llluml'lu1~u vh 11-J<~ n T'l 111 'Wvhtnu lli''l L t~-l1.lfl-l"l1 n Lii 1116 n LLU>~ tli'ltJ 

LVIIIjW fl~'!ltiU1fJ 'tl.J'\tli AA1Ti11-J1 n n~'l LLfl:: U '!ll..l~ LII.JYI Llll'!lft;] nli'l fl'lfJLU 1U~t1CII'Ill11111'l'il'!l-l 
'!l ::"''f) ).J 'II 'Il-l~ ft '1 T1"l ).JIll 'l OULUU'!l::ill'!l ).J LL fl ::'!l::"' '!li.J 1"11-Jili''l nu LUI..! li.J L fl ~~~ n11'!1 fJ1 !.J 111 'l'il '!l-l 

4'n1"l1flvl'!lUiJ1-l"'::rtd1Lfli.J'Il LVIT1::f-lniL1:ll'lnT1'll..lyjijflCUV!t;]ii 2.l K t'hn1T'llfJ1fJ!1i''l'tl.Jrtd1 

L fl 1-J'!l '!l:: L 1\UI..IIli' 'lli 1:l1X L iiM 'l11-J, fl d1 L fl 1-J '!l'il 'Il-l 'fl CUV!t;] ii'll'll-l f.l n utll'l n T'l'lU 

~'Il-l n1TLiiCII LLfl::n11'!1fJ1U!li''l'il'!l-.l{ n T'l'\flU-llli'!l-l~ n1:11A'1..11'1~1 rll..l~'!lLU~ ni.J'l n L~'!lVI1 
.II - ::1 .J ~ ~-' - ~ ~ ... 11'!ll;jfl LLfl:: LV!IIj W fl'!l!iU1!.Jn-lYifJ-l u-Jfl1 1-J'l TCl'll !iU1!.J llll'!l r1VIfl'1!.J LT'!N 

.. 
7::\J\J~ftJ:: 

Cll'l-l'!l1VilllUfl-lVIA-l-l11..1'!l'!lni.J11Upj'll'!l-l LLA-l (light) ~-ltl11 LT'li.J'Il-lL~U un:::lupj'IJ'fl-l 

f-ln (radiation) ~-ltll'li.J'fl-l'WL\~1..1 L'llu l'l~utiuvhLT"' (infrared) ~LUUI'I~WI'l'li.JT'Ill..l 1'1~1..1 
'!i'flt~~l<'li'll'!lLfltll (ultraviolet) l'l~U'iYI~ f-lnLfini (xU 5.2) Vlft-l-l'1U~IIl'l-l'!l1Vi"'uri>~'!l'!lni.J'l 
- . - ... ~ ~ ... .. ... _ Jl ... '"' 

Ln Cll"'1 n n1 TT'li.J'il'!l-ll..l'l Ll'l flfJfl'il'!l-l'!l::lll'lli.J'il'll-l!i111j 11l11'1TL "11..1Lul..l!i111jYII.J'Il Lnl'l tllT'Ili..IVIU-l.,'l 

LLfl::lUTtll'llUVIll-llli''l Llluil'l Ll'l iiun ttlrtll'fll..l 3 l'i''l'il'!l-lLI:IlCIITL"lUT'li.J nuLlluihiiui.J ) He) 

il'lLI'lflfJ~'ll'!l-l He fl'!l-llli''l1"li.JOULiilllLUU He ~i:1LrtOfJT111VI LLfi::LVIfl'!llU'l'tll'fll..l 211i''lLVI'IlLU 
' 3 4 

Li1-J'l-l"1Tn'1TT'li.JI'i''l1VI~ il'lLI'lfl!.JM'Il-ll'i''l'll'!l-l He Vlunn~'lVIO-lil'lLI'lflfJI'l'il'!l-l He LLfl::l'l'll-l 
~ 3 4 

ttl Ttll '!l u Ill -lUUI.J 'l n; >~VI1 fJ 'ttl n fl1fJLUUVI A'-l-!1U~tl!'l'll!.l tl'!l n 1-J 1 t1Bffifl 1m TT'li.J'll 'Il-l 

- ... ... ' • ~-- "' .0: ,., ... • "'.J .J .II U'l Ll'lfl!.J t'l Lru n'l1u!J nru1l"l'l1JI..I (Fusion reaction) w'l Ll'lfl!.lt'l'il'!l-l!i'111jl'l1l'U'IlUI.Jn'li..ILn!.J'l1l'll-l 

nutlnmu1VJ'l.fi'u~11XVIfl'-l-l'1UM'lfJ 1uCII'l-ltl1Vit11UI'll'l1T 4.5 n1ulli'ut;]mtl~tJuLt1Lliul'IA'-l-l1U 
Vjn'iu1Vi L'!lt'lLtllULliul'luri1u'ltuuTI.J1tul'IA>~-l1U~Liil'l"11ntl5ffitJ1VJ'l-iudtli'lfJ ~tilT E = 

mc
2 

E = VIA-l-l'\1..1 m = 1-J'lfl un:: c
2 = l'l'l11-JLT'lLLMfJnrhA'-ll'l'!l-l Vlft-l·l1Ui1VIW'lfJLUU1't1111f 

Vlfl-l-l11..1~CII'l-l'!l'1VitllUUfl'!l'!lni.J'lLUU 380 fl1U~uthu~\.u\'1U1'11lilflli'll'i1..11Vl uammdLiiCII 

~ULI..ICII'l-l'!l1Vit11!Jyj'flCUVIt;]ii 14 ft'll..l'!l-ll'l1 L'llflLiilfJI'l 
4 

He ~Liilll~u'tl.Jrt'li.J'lTm:nnft'ui.J'lLil'ttli 
~n wu"'::Lllw,.i::J'Ilu~Lt'i1~>~~ntlr::I.J'ltu s ~un1uil"'::.;111XI'l'l-lt~1Vit~~uu'li.JLLfl::l<'!lui.J'1n 
.t ' ... - ... .:S.t ~ ... ·"' J! "'.II .. J! ~ ~ ..... ...,;-, ' "' 'ill..l'!lfJ1-li.J1ni.JVI11'11fl LI.J'!l Lnl'l LT'!l-.ll..l'ill..l Ll..i'!ln 5 l"ll..in'll..lu1J'l-lVII..I1tl'llfln!.l-li.Jn-li.J-u'ltll'!lf,l n-l 
... ,., ::, --1- ~ .. 0 "' 
1-J·o'ltllVl-lVII.J Cll"'::tJ11fJL \"111 ::fl CUVIt;]I.JVlW'hfln"'::~-l 0-l 53 7 L 'llfl L"D!.Jfl 
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- .. .. 
Pl')~'ii1'1'HII!I ti::Ln'IPI1') ,1')\11~ 

F" .,j .... .. ...... ... ..... .-...1 !:"" ... .J ...., ..... .. 
1111'1 Ll'l 11 :;"H'HI'l1tl111'l~ 1-1 i1l'l~"lUY11LuuLJT'l11 111'l~"lUVl7Vl L 11 t "l nlllVI ~1111'1'!1 111 'N"lUVl T 

1111~'L~~n 111'l~~uVJfi:ht\'utl1f:iuunl'l1~ 3.484 iitl'lLI-I111r (2, 160 '11-ln) l-l'lfl11'!1~111'l~4"uVJfd~u 

1/81 1111~ Ll'l n L0'!1~"l1nLLNPi~!(JI11ftlJWUtinui-J'lfl LLfi::Lt\'utl:lf:IUUnfl1~ m~~UVIM~i.J uNPi~ 
!(]111 1/6 1111~ LLNPi~!(JIIiLfln u~~Jul'lu~"H!l'n 68 filt~nfl-luult~n"l::"Hilmwu~ 1.4 iitt~nfi-ILJU 

~ ..I ~ 

m~~uVJf IL NPi~!(ji11U m.111U1111uu'W Lwu~~'!IVI"l::Pi~!(jl11 LLn tl u~~uul11'l~fuVJM~ 'Wi.J LLn tl 'l111 

1 
tl::Lril'll111'l (asteroid) IUUi:iUJiii~~ih~LI'l"lrr::"H~1~1111'loa~I'11Tri'LJI111'l~~1Xtl 111..11111i.J 

Iff~llllifi::'!I'!J~Ifin 11U"lUO~~i.Jit\'Utl1'.)UUnfl1~i"Hqjn~1700 nLfiLI-Ii111 ~1U'lU'li'!I~!Tui.JIUU 
wu Ld'!1Vl"l1rnmh IL'HW~'l~ Ll'l"l1'li'!I~!Tu lln'1Vlt111'11 tl111fi~'!I~1IT\.11Uuiuri'lu~11J ll'lfl1'll-l 

..... .. <01111 ..... . .... """' ..oil ... 

nuiUUI111'lll'l11 ::1-1 'HT'!II-IU'!11"liUU;iuri'lu'!I'!I~Pn'llfl 11:::'HVI Ui11 n tlfl1tl iUJI'l'!IUliU'l11'11-1 1992 
- I -

tl::lriVll111'l~tl Toutatis ln'!ILJ'IluriuYt~n ITuYI'I"ltlil'11-11'!1~t·h~"l1nlt~n 3.54 fl1UnLI'lii-I111T 

!Tut.lr::n'!ILJtli''ltJtl::lril111111'ltl'!I~:B'u~i.J11'!1LJU'Hfll-l . i.Ju\'utl1'.)UUnl'l1~ 2.6 111'1:: 4 nLfiii-I111T 
.... .. ..j ... 

11:: 1n 11111l1'li1'!1 ~'tun~ l-l'li'!J~tl::lni1l 1111'lluuwu 1 iluVJtl1u'l~ ll'l"l1'!1'!1~ t fln fl:: 1n PJI'l1'lmthi1 

LhJn~1 NEO (Near-Earth Object) i.JVJ~l:t!j"H0~~11fiLJ1tln1T~(\JWU{'ll11~ii11LULtl1fld'!l 65 

fl1UUri'!IU~11iilll"l1n NEO '!IU111li"Hqj'llULfln t'hfl::lnl1111l'1'l'liU1VlL'Hqj'l!ULI'ln'lu1'uQ 1-l~ml 
111,~ 'lJWu~1tli' ~~11::fl::Lni1lm'l'!IU1Vl i1-1 qJ 1vhflu11-1~ 111u11 ~'~ n1'1lu t t~n !Tu"l::Ll fi'!lu~ ~~~ 11..1 

..... -- ..... ., 
'!I '!I ni-I11VI']nLJ7::1LJI'lU'll1'1flti1'!JU1PJ 1 0 11-1nn::1111..1 

1111'11-11~ IUU'li'!I~Wtli-I~Llr::n'!lurli'l uJ11Lii~ ut~::i:iu 'l~ Ll'l"lTITu'W IIUU'!IU u fl::'l~ Ll'l"lr 

~.! ."1 ~ ..I ' ..., ~ ... ..I ."1 .. .. ."1 ' .J. ~ ..I 
~ LuU'l~ nfll-l fl nl!lru::Vlli1lU1l 11111 '!NI-IUI'1'!1'H1~VlluU u n tl'D~ luUVl1~tl1'l~UI-I1 n"l1 n 11 'lU'H'lVl 

... ..I .... ... 
IUU'll'!l~ uii~ ri'lu1X'li1"l ::Ll::VJ ::nLJ'!I4fl11'1Vl~~ 1111 nl-l1"l1 n 11l'l~ '!11Y'ii11u ui'~ll'um,uru, ::~11 11 n 

- r ~-! , ~ ..J ..11• ''l - L o -"' r ( ) ."1 •nnPJ'l~'!I1Vli11tlltli-I'!J ~'l11-1U"l::l1'1fi'!IUVI u UVII'I llln11111-1 1111'l'H1~ofllfltl Halley luUI111'l 

'H1~~Llnn!J~'lLMLT111Aut.lr::l-l1nJ 80 ill1i111-10~1'1f~ 

'11')'1'!11 

."1 rJo..J L - ''[.l' - r 1111'lYjli (Mercury) luUPI1'lii'111::'HVILflnVl~l11 ur::uu~rEI:: 111'1::'!1~ nl111l'l~'!I1Vl111tl 

..J\ 1.1 V I - .. V..... ...J" J - ... 
VI~ 111111 'ltl ~~r1::1-1u'!l ~ 'ln ft111'l~'!I1Vl 111 t1 1-lU"l~l-l'l~ Ll'l"l rVJ nuVJ ~Ill u fl:: Ll'l"l TT'!ILJ111 'N'!I1Vl111 m h 

~~111 (88oJU) uflimr"H~UT'!ILJili''ll'!l~'li'!I~!Jul'i'!IUih~u1U ~~'lifL'll'l1UT:::I-I1nJ 58.65 'i'U'll'!l~ 
~ ~ ~ -.l' ..I ."1 ~ v .. .. 0 ,. .J. .l' ..I ."1 
~fin i1l'ltii'H(IjU'ljnJ'HIJI-I~J1UVlluUnfl1~'lU'li'!I~I-IU"l~~~O~ 430 l'llfiL"liEitl 11'lUvi1UVlluUnl'l1~ 

iiui.J'ljN"HIJi:l 180° L'llfll~tlfl P11'lYjliUJi.Jm ml'l ~'lP11'liUU"Hfji-IIUUtl11 1-lfli-IL"Hqj~i.Ji'!l 
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(b) 

zt.l5.3 

76 

(a) 1111'll-11~DfHAU (Halley) (b) l~UV11~1PiU'IltN1111'll-11~T'illJI1l'l~'il1VilllU 

(Conte. et. al., 1994) 
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• I - ..J ."l ."l ' lu 5.4 c.J'lVILuU1A~l-JLuUlJ'tli.J1n'JI'!l>l~1'lYjtl (Conte, et. al., 1994) 
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78 

zU 5.5 ll1Yi'li!J1!J~ LLt'lc;Nn1Tlltll'l'lltNI'I1'l1"l'1niJL'll1 Maat Mons tJ'Wc;11'lP)nf 

(Conte, et. al., 1994) 
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~1 Caloris Basin ilt«ut.hi'JUUntn-l0-1.1,300 fiLflll-llllTI~'!l~1~uVi~IUUM!jl-liUW;Ji:lth::IYlPI 
I .J. ..J.J ."! .J I "" ... I IL [.-I ... I llr ..J.- ... 

lfl1 n'lUYlVlluUYl!jl-l!NI-lfl1'l1'!l~ ~1'lVj1! 11-il.ltl1n1fl l-lt'IU11-l LII-JL\lflnVli-JLINI~U-1 1% 'll'iH 

1'11.!11-J LL!Jno~flntfln mmt'll-111-l UIJLMflnvh'l~L~'!I~1~1'lVjfi'!l1"lil LLnUMT'!I LflUil unu~ LUU'll'!l~ 
Ll.lfl'l 

~ 

1'11')1'jflf 

~1'lf'jnf (Venus) ~'!l 'lut'l tuutYl~L~1ttl.i~m11-lfn ut~::fl'l11ml.l'll'!l~tnru ~1wa'lld 
L~n::ufl~~qm.Jti'~'ll'll~ll'u'lut'lfl1nfl1~fiu '!1'l"lnT'Uiiii'll~1LUut.hu!J~n'll'!l-lLfln L~11::'11U1~ 

' "' ' v ~ ,0 ..I ~o;v _,.J ,.... -~ 
Ufl::l'l'l11Jl.lU1 LLUULfl'llULVl1 flU ~fin n-lVlLT1t "lflPlVlt1Pl'll'll~~1'l"lnTfl'll Ll-l7.JMU1 90 n ~fl Ll-llllf 

~-lrt'lu'luqjtlr::n'!lutlf'lu mfu'!IU~'!I'Iln1'11111 (96%) LLfl::1ullllrL"lU (3.5%) LLfl::ilfl::'!l'!l~ 
.., :.i - " ~ ... J1 ~ •• 1 .. 1 ..1 - ..1 

nf~11fl~'lTflLflflU'!lU nTULo1nL'!l~L~Pl (green house effect) YlLfli1l"l1nLI-l7JMU1LLfl::IU'!l~ 

"l1fl'!I~Lnt\'fiu~'l-l'll1Villlul'i1L~~OIMIJi:l~c:J'lm'l"lflf~~ii-l500° L'!lflL:JUfl 11-l7JMU1~UflPl!jl-l 
~1'lU~YhL~Pl'l11-lcii'umrmn1PI~el'lPl1'l"lrifu'lflfl~1fl'l11-llffuunmmPILflnii~ 90 LVh 

. U1U'!l'ln1PI Magellan ~ri-l~u1tlL1'1"11T'!lUI1l1'l"lnfLU!Pi'lluil-:u1P11-l i:l 1990 fl11-l1Tll . ~ 

vhm.JUVi1Ji:ltlr::LVlfl'll'!l-lPl1'lf'jnNfl-l1flO~ 90% 'll'll~fJi:Jt.Jr::LVlfl~1'l"lflfif~MI-li1l l.l~~"l1nLU\U 
~- I ~ "' ' ~ "' ~ "' ..1-' Vl"l-l LU"l1fl~fln 15 L~'!lU n'!lUMU1 Magellan IJ US. Mariner LLfl:: Venera 'll'!l~ ~'!ll'lUII1Yln1f'l'l 
•. - .... .Jt.J • ..I X...l ..1_., ..I. • ..1 

~1'l"lflW1fl'!IU IJ'l'll'll~Pl1'l"lflW~UVl!ji.IVliJ1UTT"'Ur1Un'lUVlLuUIJL'll1 IJL'li1Yl Ll.l!IJYlt1~'ll'!l-l 
¥' ...I .l' ..I J J ..... .... .. 

~1'll'jnf 'll'!l Maxwell Montes ~-l"'1n~UV1T1UIIl'1Vl'll~lll~nun~ ·11.000 Ll-llllf Magellan. 

[llf'l"l~IJ~1ilfl1'l1LMfl'l1n Maat Moris IJL'll1~~-l~t1~LUU'!iucii'ufl'll~'ll'll~Pl1'll'jnf el'l~1'l 
I') flTT'!lULLfl:: U~~ ~~ L~'llL~~111JiJ~~iJ;j;j111 

~ 

lll'l')'il~l'l'lf 

~1'l'li~mr (Mars) tuu~1'l~il'!lrJ11J1n~t1"''lwt~'ll'!l~f'l'l11-lL~'!l~1il=ti[111IJ~1"l::tuu 
ilmu MT'!lll1~UU[Il~ti1mnw•h~lll1'l cii''lttln'luLitJ~Il'n"l::LUU'Il1'llll1'loB~fl1T (Martian) ~'ll 

."IJ J!v ~v.l ;...1"' v• •-,j .1..1 Mars LuU'I!'Il'JJ'Il~LVl~L·,1UflTU'll'!l~ ~WU utl!Jf'lr~VlLT1LTUfli-JU'l111l1'l Ulll~ LLIIln'li'INIIl1'l Lufl!JU 

LU'11 nJ1 ~u LLni.J t1lm1tl"'UO~ nJ11111fl "~ LU~IJIJLU LUUIJfl'l1 n lLnu'll'!l~~1'l'li~fl1~ L ilu~ 
vh~l-l01Jf::U1Un1Tl.l~UT'!l!JP1'l~'!l1Vi[lllf fl1Tl.l~Uf'llUIIl'l~'!l1Villl!f'll'll~lll1'l'li~P11fL-ft'L'lfl11.11fl 

n~1n1Tl.l~UT'Il!Ji1l'lL'!l~'ll'!l-lLflnur::l-l1llJfi'II~LVh i:l'JJ'!I~~1'loB~fl1fiJPl'l11-JU1'l~'!l 1 nu1'u 

'll'!l~Lfln t0'!l~'l1n~1'loB~mr'!l~Lnfl'l1nlll'l~'ll1Villl!l 'flllJMfJi:l'!l'!l~lll1'l'li~mr~~l'i'!luih~t!iu 
'ijllJMfJiJ~~q~~I«UI'JUU~[IlT 0° L'llflL=ii!JfiLUL'lfl1flfl1~1'U L'lfl1flfl1-lflUtjllJMfJiJfllllfl-ll-l1fl 
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100 2~0 300 400 

ztl 5.6 IJL'll1irJ Olympus Mons UUI111'ltl~f'11T~~LUU1-Irt-l'h..!~11.J'll'!l~IJL'll1iW~'l.l-IC\) 
~~111'l.uT::uu~ffi:: Lt\'u~h~uumn.Jtlj::1-1-1N 550 nl.J. ~~'11ni:l'll111'ltl~l'l'W25 m.J. 

(Conte, et. al., 1994) 

zU5.7 1111'l~~~~ri'UPl~4'uwf'll-IC\) 4 11l'l~ (Conte, et. al., 1994) 
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.I - ..l ."1 - ~ .ol • ( ) t;u 5.8 t.J'lVlLuUMU'll'iN1111'l'!hlf'l'1TLlJ'illl1tl'l1ntJ1U Viking 2 Conte, et. al., 1994 
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m-130° L'llt'IL'i!tl~ . 

urrtnn11'11111'l-B'~rnru1~1J1n Llr~IJ1tU 1% 'lltNUTn.11n1'.1LM ri'lu'l;ul,)Luumf 

U'E!Uil1l'El'llfiL'IIPl ~~~~1UT1tJ1n11'1'l::U1~ULJi!111'loB~1'11rnftiJ ~~LUUIIi''lthl'i(\J~Y'hLfil11~1tj~U 
~ r .J - . ~ ."1 .,J,.. .JL ,.,J '\ -

LL ft ::IJ L '111 Y111tl'JIU111ltl fil!l Yl'INI111'l'!I~I'11TluUI111'lYliJYl~LftYl11tlYl \.1 (\JYl ~111 U T~UU ~Ttl:: 
J I> . II ... 

Yli'l LM'li'El~l111'l-B'~rnr~w1 uil~tlnfl ~IJ w 1ilUYlU1Ylfl11'i t\J '\un1rv'h 't~!J'll111'l-B'~rnnuullu 

L '111~i:i~1 i1-1 ftw1u d~uYl1~ tl1'lllft 1 tlMdunt ft LIJ 111 r fl' nl!lru::!J'l L'liudu~u'll n~1il'li'l~ L 'lft1 

.J.I .. .J .J ~ .!'! i 1· I t .J ~ "'~ o L" . YlwUI1ln \.IT'El11'l~YlU1 LL11~11~111tJLLft~ l.lft ui1\11JYI1~U1 n11Yll111'l'!l~fl1TIJU1Yl1 \.l\.1111tJI'lU 

L~'El~1~ ~~jj'ti 111 ~~ 11~~1 LUUtl'lULl r~n'!lu~ t\11'1 (\J'll'll~~~jj'ti111 utlitnu Mariner ~1LlLfl'l r 
T'ElUI111'loB~fl1l'LL!I::d1tlf11~ri'liJ1U~LIIn Ull~tl1U Viking ~LUII~UU!J'l!111'loB~I'11T tl~flTVi 

" d1tl LLII~r.JII n1TI1\T'l'l~'!IU ~U U!l::ilUUUI111'l'fi~fl1f ~U~1 'li.Jil1iUYl ffi1'111 Q'!l~ Llltl !ii'~uu'i~ 'li.J 

jj~~~:til1l 

., 
1111 ~ TUJ'IUI 

~'!I~Unl11111fl1~11lf~'t~1111'l~~~~ fi'El Jupiter~~~u~'El'li'El~l..jl1ll"ll1tl'li'El~nH'~ruLL'II 
YlLiifu (Saturn) ~~LuunHI1lTU'li'El~LYl~L.;'1LTIJU~~~-~IJI1l 1111'l~~~~~UUI111'lLfl11~llyj'IMqj~ 
~Ill '\un~IJII11'l Lfln~\fr'!lUU'!I n'li'El~ r::uu ~Ttl:: LLnunt~1~'11'!1~11l1'l~ ~~~ Luuiiu~ilfi1PJ mil n 

• 
1-.11 n Ll n fl ~IJ i1l'ltlL!lLI1lTL 'lULMA'l Luuiu1.1u1 ut~ ::il LIJ~illLI1lTL'IU LLA ~ihfltJIJMU1fl'EliJ T'ElU 

LU~~1ri'lUUT:::n'!IU'l~ 'li.JLMil'!IUI1l~'El1~11lU Utlifl tUli1Jii'li'El~IJu~~W'!I~'l~vi1 '\~!Ju uwf~ n'!l'!l n 

IJ1Li11L'El~ UrTU1n11'1~\.IU1'11'!1~1111'lW~~~~W1tjlll.jUL~tJU~flUofi'U-!i''!IU W1tj~U1lU~~IIlfi'El 
Great Red Spot ~~tn'l 40,300 nLIILIJI1lf UA:::n.J1~ii~ 14,500 nLIILIJI1lf 

1111'lW~~~jjm~4'UYlrLfl'lff'!IUii~ 1611\'l~ 411l'l~jj~~~UW1UP,jUUnii1~1J1nn~13,000 

filt~LIJI111 tnU Voyager 1 Uft~ 2 ~W1UI1l1'lW~~~vi1Lmlfl11~1!1l~111l'l~-i'UYlf'IMqj~~ 4 

Pl'l~jj UWUMU~ Lflfl'ElUPl'ltl~11Lil~ . 

~ 

1111Wil1f 

11l1 'l ~~ 1 fLUum'llfl11 ~\fjj 'l~ 11 M'lUfl '!IIJ T'ElU mr;l nl!l11111'll ~ 1 f1uuw ft ~'Uii' '11 n tl 11..1 

fl:JI· o~.J~ - r-4 
Pioneer II Ull~ Voyager 1 LLII~ 2 11!1'11111 :JJL'll'l1 29 1JIW'!IIfl'lf1'!1UI1l'l~'!I1Yll1ltl LU'El~ 

"l1n'El~Lnft'l1nl1l'l~'!l1~11luiJ1n 1111'llft1"~~fNfl'l11J¥'!1ul'!l-u.J1fln~1~ii1lfu'l1nl1l'l~'El1Vil1lu 
11l1'lL~1murrmmi'IMU1ii~ 1 ,ooo ninLIJIIIT ~~ri'lu'lllqjLi1uilli"'rL'lU urru1ml'l LUUfl~u 
ftiJ LL!..lr!..lr'lu Llr~Liiu~1fl'l11JLT'lniJ'tuunmmi'IIJ1nn~1 1.775 nLftLIJI1lTLii'!li''l'LIJ~ 
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n.l5.9 ~1'lL~1flL~::'NlLVI'lU (Conte, et. al., 1994) 
• 
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Hn!:tiU::~L~U'll'!l~PI1'lLt11ffi'!l'N LL\.I'lU i.J'l~ LL\.I~u'tml) 1 3 'l~ LLIIifl1WLflllt1tlVl ~11PI~LUL~U 
~ 

~1LL!Iill::'l~UT::n'IJULif'ltJ'l~ LL\.I'lULftn 1500 ii~ 1 ,000 'l~ 'l~ LL\.I'lUL\.II'hutJr::n'llULif'l!.l'll11f111'l 
.J " Lo \ 

V!Liinui~ LLIIill:::'!ltNlh wii~1u"luii~r'ifluiiu'llu1111 'll-11\l 1111'lLt11fi1PI'l~4'uV!nl'l"lrr'!lu 17 ~'~'~'~ 
..,J'l ,..,J ..,J 

Pl'l~V! l-II'IJV!~PI'l!'!l Titan 

111')1HJIII!I .. 
..,J · r .!1.. ..,J ."1 ..,J )! "' L r 
'l!'!JV!1~1111T1PI1111111'll'!l~PI1'lUfl'!l Uranus 'll~lJJU'II'Il'li~LV!VlL·,1nrn Ull'll'TI'l 1'11'1 

cl-I~IIIIJLl-1(\jnH~~n 4 LVh -tf'!ll;j!ln'luil-lf\)~1ilil-11"11n!.J1u Voyager II ~jju£.l1UP11'llll'l~0'tu 
~ ~ 

U 1986 LLnU'll'!l~P11'llll'l~ihuui:lu flfll-IT'!JU~'l!.JLLOI1Ll-IV!LV!U ~'!ll-ltl-ILU!J LLII:::oDUL!ltPITL"lU 
• • 

\.1~ i.J1!ltPITL"'Uii~ 87% i:hfl!Jl-1 13% U1T!.J1n1PILiiULUUiill1l1J!J'l LLnl-!1.hL~ULUULVlT1::: 

Ll-IV! LVIU P11'li.Jfl'l11-1 Lf'llll-l~~~ii~ 360 n'f II Ll-1111111i'!l.ff'l Ll-1~ i.Jt1U11-1 LL!J L\.lft n~ LLNVl'll 1 
nut1U11-1 u!J Ll-lfln 'i11n Pl1'll-1~1111Ji1PI'l~.;'uV!f 15 Pl'l~ n1TLI'l"'TT'!lUPI'l~'!l1Villlu1ii L'lii1U1U 

ii~ 84 jj 

1111')Lnlll • 
1111'lLnll! (Neptune) LU\JP11'lLI'l11::l-IY'l,l-ll\lLlluti'ul'lu~'lur::uu~i'u::: "l1n-fi'lll;lll~1~ 

"11n!.l1u Voyager 11 ~uu£.l1u'luu 1989 1111'ltnll!i.1'1l~l'iur::n'!luLLII::Lm~t1~1~~,t\',~nu 
1111'11-1 ~IIIIJ u mn n1Pii.11!l Llll1L "'U LL!I::i:hn!Jl-11-11 n jj II-IV! LV!UL fl nir'!l!J ~'ll<i1 'lu 1'11'1 Ln ll!i.JiiJ, 

L~U L0'!l~"l1ni.JiiJ1L~U~~L~'Il<i1 Neptune ~~LUULV!VlL~1LLM~V!::LII 
LL~<}1"l ::i.J'Il~ f'i'tJr:::n'llU LL!dfl NI1T1~ fl ft1!.JPI1'll-l ~IIIIJ Ll-1~ LLII :::Vl11J'll'!l~P11'l Lnll!lli1~ 

"l1nlll1'll-I~IIIIJ LPI!JL'IIVl1:::L'lluilPI 'lnfl'~uu~lllr~i11'l'l11-1 LLurur'lu t'llu01~'!l~1 LUU Great 

Dali<. Spot 'fliUWJiJ'll'!l'IP11'l Lni1J 'tnt\' Lfl!.J~tlU'll'll~PI1'll-I~IIIIJ ~11i~~M1~ Lnll"l1 n'fliUWJ il'll'll-l Pl'l~ 

mVi111u ~.:~t.l~u'!ln<i1i.1 Lll-lfi~m1l-IT'IlU'!l~ll1!.JLU 1111'lLn11Ji'.1m~4'uV!f 8 m~ 

1111')'1'1'fltlll 

1111'lrl\j llll LUU1111'llll'l~U'Il n~lll'll'll~T:::uu~i'u:; Vl\j Llll LUUPI1'l~i1'l~ Lfl"l ru r:::\.111111lLiJ 

Lliu'l~ n111-1 'l~ Lfl"'TLG!.l'ldt<i, 'llX!Jw-tf11u'tu'l~Lfl"lT'll'll~lll1'l Lnll!'lu'll'l~ L'lll1 248 u~!Ju 
Ll'l"lrT'!lum'lmVilllu L~<i1"l::'ll1JLU'l'IU'Il.n~~~~ LLI1i'liU1PI'll'!l~PI1'lVl\l Llll 'tnt\' Lflu~ num'l Lfl11 ::IX 

~lfl "'T'il~LU'l~ 'lu 1111'lVl \l llll n'lu Ll-1(\jur::n'llULii''l!JJ'l LLii~ ~w'li.J II-IV! L V!ULLii~ 'fliUWJil ~'I~~~~ 
'li'!NVl\j llll -212 ° L '1111 1;! !Jt1 UTl'tJ1 n1 Pl'll'!l~PI1'lU1~UT::n'llULif'ltl Ll-IV! LV!U LLII:: LLOI1U 1~'!lth'l~ 
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,.,rnn'i1 Wi;J tMnwN4'uVJrn0~11l'N~'!l1111!1U (Charon) ~~'il~'lnMu1111'lWi;J LMl.J1n LLfl::iJ 

L~u~.h~uffnfl1~t..lr::l.J1ru 40% 'll'il~tll1'l'Vli3LM 

~-"1 ''"'i ~..It ..... ..1 
I ft nLuU1111'l Ll'l T1::1t111l'l~ Ll1ltl'l Uf::UU~fU ::VJ L T1 t T1U fl ::L '!lU11111lVI ~ 111 U TTU1 n'll'i'll'il~ 

~ • ..1 i.l!!'\~ ' ..ol .xiu 1 ..1 .X lftn1t11..!1LLUUVI~i1l nnW'llfln LLfl::"'::l'l'ilU 1 U1~fl~Ll.J'Ill3-l'liU lJ'I..!UT1U1n1l'IV113~"11nWU 

"' " "" " ' " 
Lfln 10 nLflLl.JMT Lilu-Du troposphere LftUiuil;iuit..lLiluiu stratosphere ;l~Liluiu'll'il~ 

t 'il L'liU~~ 11li'U LLI'l~tlfl MT11'l L 'il LftM1l'!l~l1l'l~'!l1ViMUL.j 
'!l1n11'1'1l'il~LHn 78% LiluiutmL'IU 20.9% LUU'!l'!Jn;L'IU 0.03% LuumfutJu 

Ll1l'iltJn1'lli1f uH:: o.93% Lilu'il1fn'ilu ~~~LT1wru'iMnnuiitJtf1l.J1ru co ~LYil.J~u~~Lilu 
• .X j ..ol 2 '..I 

Wft"'1 n n11LW1L1t1~U1lJUL 'll 'il L'Vlfl~YI L11 if'lil.J Ll'lft'!lU fOUUi1fLLft:: LUL N~1UflMI'l11t1 n fTl.J ii~YI 
·"' '"' t..l ..1 .. -" ..ltl ..1 r ..1.. iJ/ i .r ' .. " LuULWij'iln t::n1rnU~I'I'!lVlUVI 1Yifttllft~ l'iln'll'lVIVl'!l"':: 11 CO Un11n~LI'IT1::1t1 LLI'l~"'~U'ilU 

• • 2 
r ..1 .. 1 • .. - " ..1~ 'l ft~ UTTU1n1l'l'll'!l~lftfiVIl.J 'ilU'l Uft:: CO l.J'ln'liU'I::~VI'liUI'I'l'll·.II'ilU'I'hftfil'l'lU'il'ilnl.J1 U 

1 ..I 2 ...I II 

XU'll'!l~ f~ iHiurJ 11 L Tl1l;~ LUUPl ftUU1'l t..ln~Lft n 1Pifu LLI'l~"11 ni1l'l~'il'lViMu"luzt..l'JI'il~l'l flU nu 

LLH::I'l'lU'il'llnl-11 'luzt..l'll'il~l'l'l'll.Jrnu~~ LUUI'I~um'l w Hii'ill'l'l'll.J T'!lu~l1l'il~'luu rrm ml'l t H n 

.l' - ... .: .:.... ..... 
l.J'ln'liU flNWJl..l'll'il~Lftn"'~l3~'1lU WftULT1L1Un'l1 green house effect LWT'l::l'lfl'lUnum'll.J 

1tlu~~i1l'ilf,j'lunn.uif1ml~Lilunr::-tn'l!'l LL~IWII1lft'il~£.hunr::'lm.n'luzt..l'll'il~l'l~uiu ~uLLft:: 
v;'ll'lunnuif'lfl~l1l-Dul.juft::t..lfi'ilu'il'ilnl.J1iuzt..l11'!l~PJ~uu1'l~~Lilui'I~UI'I'l'll.JT'ilu nr::-tn'll'il 

~ n 1u LD1 fl""' ::~111-Dum'll.J T'ilui.j LLft::!'l::li!luf~iiltiurJ T1 LTPI n HUft~l.J'l iun TULD'lfl 111 u'lun 1 
ULD'l ~~'ilU~U ,~ N1t11Ji:i 13~ nrJ'l111UUfln a~~vh LM1t1ft 'lU PJU'iM fil.J'l n~uLd'ilfl N1t11Jiit ftn 

.: .... ~"~ .... ~ .l' ... ..J. '~. 
I3~'11UI'I'il u1 U'll~'ll'l t H n"' ::fl ::ft'lU r::111W1VI::Lft<t::l3~'1lu Ll.J'il~VI'ilfJM'll.J11'lU ~~'I::Q nu'lYI'll.J 

n t~ LVI'Vl'1 n"'::QnJ'lvt'll.JPl'lU Lwl~U~Ur::Lilurfu lPlbJ UUU'ilUfi'!l Lrl'il L ft::~U~1 n~"'::vt'll.J Ljj'iN 

M1l.J'li1Uir~ green house effect 0iJl.J11..!'ll..!Lifl'lLL~::LUU~~~'I'h'lii'LMLT1'!lU~U'Il..!~~jjtri 
' ·~.!' " ~. , ... ,; .!1 ~ ~ t ..1 ."1 0 ..1 ."1 0 

MM1~ 1 'ilfJ WI 01 u..Jl.Jn~UflNWJl..l'll'il~ lfln VIUL'ilftU"t::LuU -23 C UV11..!VI'I::LuU 16 C 

~f::~U~'lVJ::L fiiPl'l'll.J ~UU 1TU1n11'1~ ni11ft~UU~U~1t10~M'l T1~Q'l jj LL N~UUT::l.J'l 0.., 
• 

15 t.JtJui1f 1t1r'il"'::~l1lrJ'lf'l'l'll.J~uurrmml'ltf'ln ii'il 15 t.JtJui1flli'illll'ln~ihn'\Ui' 'lur::uwl.JVJ 

11irnlT n-t::rJ 11ll'i'lm'll.J~uunm ml'l Liluii fl nu1 f ( 1-ooo 1111u1IllitJ M'ln~ L'llu~ uJMr l l'l'l'll.J 

~U1t1ri~UrTU1 n'll'l Lvt'lffU 1 ,013 i:iflflU'lf LLWU~fl1n11'1lJn-t::i1L~Ufil1n£l1U'ji1l~jjf'l'l'll.J~U 
I .... .J .l' ~L I ..J..J .l' ... ' 

LYI'l nu Ll.J'il'liU UJ 'luVJYII3~'111..!1'1'l1l.JPIUUTru1n11'1-t::fli1lft~ 
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.. .. 
O'il1~1U O'il1~1'1U LL'ilZ'JI!ln1'1l 

n1n-t!.JUt'ilul'i''lL'il~'ll'il~Lrmvi1l~Ln~nfl1~-lu nfl1~iliu LLI1it::tJ::L'lfl1ntn~-lu nn1~ 
.. 'v~tJ.l!' .J .J.l! < v .. '"' 
I'IU Lunnm~nw LLri'lllllll'ltl1UV1LLfl::~~n1fl Vlli'IU~uu~llli mnnfl1~'lu LLI'l:::nn1~f'\UIJI'I'l11J 

fl1'1Lvhriulllfl'il~U· t'hLuui'l'lU~U'll'il~Lfln l'lfl1nfl1~-lu nl'l1~fiu 'l:::LVhriul'lf~L~m'\u~~ 
'luhl't.J~ LLtdnf'lf~t-~rl~'lu~~ 'lu1~h~ 

0 t,.o..,. I ....,Y ....,Y ' .... ~ -1 - ....,Y 

L 'lfl1 n fl1-.1-l'UV11 'lt-~I.IUII11r-lfl1t-~t'illn'ilu'l ::1111U'il ~ A lll'llfltl~!3 n!l\'ltJUIJVlt-~1 nunfl1-.1 I'IUI'l'lu 

t-~~~'ll'il-.11111'l:::iil'l'lu~iftJn~1 light reflecting crystals ~~vi1L~II11LUUU'l'lL0'ilU1u1vJu1tJ 
LU~11111l'ULUL'lfl1nfl1-.1flU l'llu lli.J'l 

- .J-."'.J.J.Jv v .. ..1-.l'~.J ~~ 
r-~~lllnTmVlLn~LuU·o'l.,VlLnmnunfl1-.1'lU nfl1-.11'1U 'II.,Lnl'l'liU LU·o'l.,L'lfl1 24 ·o'lii.J., 

li'il~1ii4'.,t-~'l::mnn~ LllJlJ circadian rhythm 1'11~1 circadian l-11'l1nt111!11fl:::iiiuLLUfl~1 

tJt::IJ1nJt-~0~-lu Alll-f l'l'lU1.11 nii nfl '\nl'i''l~l'l'llJ l')l.lr-1 ~iiinrm '\~ LUU 1tJ 11111JI'I'l11Jill'lLL l'l::l'l'l11J 

' .. v 1 .lt .. v ' -"' ''"' ''' ol ~. -"' .J fl'l1.,'ll'il~ n fl1.,1'1U ll l'l::nl'l1-.1 'lU nfl nULt-IIJ'ilUnlJ'l1nlll'liJU1 n n1'il "'ll1fl 1Uvl'll 'il~Vll'l'llJI')IJ 

'lllJ'lUn1t)'l1~ Ll'liiiul'i''lll'u Llfl ::l'l'llJ I')IJYl ~iii n TTIJ'll'il~ll'ulll11JI'I'l11Jil~ Llfl ::m11JI'l~ ,., 'u1Vl 

.l' ... ' _.,....1- X...: -..1 • ..: 
n1UL11lTfln'l1 biological clock nlll'lVlt-~1nUnfl1.,. •U'l:::LTIJ'il'ilnt-~1nUu.J'il'il1Vllllfl'IJULLfl:::U'IlU 

L0'1l'il1Villlulll n A m'Vlt-~1 nunfl1-.1flU'l:: ~~.~ii~'illl~'l1 Ld'il'il1Villlulll niiiu u1Vl n1 'lul'i''ldii l'l'lu 
.JJ<v • ~ .l' , .J 
Lnfl'lll'il.,nUn1n-t1VlP'IV11~ 1Un1n-11'il1t-111'JJ'Il~f.N n1T'ilWt!Yl'IJ'Il.,UnVl'ilYltJYl1111l-l~~t-IU1'l 

'\unnU'IJ'il.,I'IU U1Vln1~'lll1r-ILUIJi''ll'lUfl11J1TntJfu'\Pi'llth~l'liU n1TliiiUV11.,ofi11JVl~U 

~ L 'l fl111i1.,riu ~ LiiiUV11.,'l::tJ r:::!'luriu~-.1~ l1un~1 jet Jag ~-.1vi1 'l~11111'l~1-.1 Lr-111::L'lfl1 'lu 

tJr:::LVll'\~ LiiiUV11~'\tJii-.1 lUUL'l fl1 n fl1-.1 ;iu lllli l'l fl1 '\utJt::lVl P'i~'il'il n LiiiUV11~l-11lUUl'lfl1 nfl1-.1 

1'u cli'!l-.1LiiL'lfl1~nt-~0.,h~mu~.,tJfuu1Vlri1LUI'i''lltl-.1'bX~uLLfl::U'ilULt-~il'ilUI'IULUUr::LV1P'ILt-~~ 
.J - ~- I~ .l! v ::. • ~·tJ • • .. LU .I '"'••' '1. ' ' U ,. .!! • .. ,. .I VlLI1lUV11~ bU WI 11\~UUn1TLI1\UV11~ L V11qTn'llAT'il llll~n"1 LL<II11~ t::LV1P'I'l-.1vl'il.,I'I1U-.1n.,Lt'il-.1 
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• • • 
il t'f1w1>J~ft 'lumrVi1~Tii'\1,fTtrn1ru1i'lnri1 1..11~n1 'lui11'lil~ 11J1Tni11'1 'lt.nJ1~~u n ft'u nft1'1 

~uLtlunftwi'u111i''ilth>lL 'llul'1uVi1'11U~n"' mn-1~1..1 'ilU 1'11rnlll11J 1'1uVi1'111..1~ II~ nft1>l~wr n 

~:::nt.lr.:nYlfi mrlu'ilu n~ 11'11..1'111..1~ ft'~ n ft1'1-ru 'il1~ 1Ul..llrl11 :::u1W' n 1 'lui11'ltli 'il-11 ~'il nuii'ill;j ft 
.J ~ " ~ ,! .''I ' ... .J X. ~ i " 1t.l t.I.J tJ .J 1111Jl..l'il nVl'll~ IIU'Inl..l 'D'IIu1..11'1'111J~'l1'1 1'1'111JIJ~Vlnnunu "'UVl'l n111 ft!JWI ft'IVl 

u1W'm 'lui11'1 i~u4'~~'~1'lft1 'lMIJ!TnnwftVi1 'llX'l'I'U 24 f'l LIJ'IIJ1n~uM1'ilu'ilUft'ln~1 24 f'l 

iiJ'Iulinu'il!J 

mr Ll'1'\ 1'll'il'l i ft nT'il1J~'l'l'fl1Vi 11161l1 'l!X Iii~ 'l ~ n 1 fl ~'~ i:i n '11..1 n IJWulf nu m ntlu 'il ~'ll 'il'~ 
Vi'll Ufl:::nwf ft/11{~.,~~ ;;, nniJ~>lMIJ~ 'luq~l-11..11'1 LT1Lrun~141Pift '\uq~l-11..11'1 
(hibernation) n'll..lrl'ln~41PIH'luq~l'ilWT!Jn~1 estivation 

... .J « . '\·" '\ "" ... ~ ... ' .J 
l'l'l1Vl'l'iln~1ni1Jfl~ llft:::'iltln"''lln 1-1~fl l..llJII'IIJ'lnl..IITUn'l1 annual l'l'lnVl>J'iln~1n 

LIJfl~ Ufl:::l6iui111V11>1~1tli1..1 fi>Jr'f1u LlJ 'lull U1n llfl:::LM~'iln~fl 'luil~~tNLTUn~1 biennial n'll..l 

l'l '1 n~i:i~'i 111'!l~111i'Mfl1Uil L1u n ~ 1 perennial ~'11-lfl11J'llil~~::'ll~'luM1l'l~W n 111'1 'lu'll'l'l 'lliJ 

1-11..11'l~Lmn~1 dormancy 1J1>l'DUI'IWni11'1L~!J'Ilf,j'\uzt.l'll'il>l~1tliWifl:::nn'WI~u ~'I~:::>J'iln '!l'!ln 

IJ1 'lM1-ildtJM1rlll'l~fl'iliJLMIJ1::~1J'luq~ 'luW~fi 
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(March 21) · 
March equit'o~/ Axis 

~ •· ... l_.·· 

Northern solstice/ ..;,;,.(.)~. 
(June21) / . 1 ~__..... 

I 

September equ in ax 
(September 21) 
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t'ft.l • 
; ..1 "" ' ... ~ ' "" .. - X. '·' n~VIIl'11'JI'!l'l1'1l1"l~11'llll'!lf.JUUI'I1'ltiUI'l'll fliU\IfJ~ l'l'l1~1'1UU1ltl1n1f'l '!l~l'lur::n'!IU 

'll'll~umn n1P1 ui'I::J, i:Jm,~'lnnliitJ-lriuuutMil'1 ul110ujun1TI'Il1~1111r31U'll'!l-la~ ll'lPJ 

~ 'll ~uu t M 'lLl1 VltJu ~-l fi11 VI tJu riutl'l n 11~'11111'11~ 11::\f'l'l nl1l'l-l'lur::uu~w:: 'Wila-lil:t-1111 

'!lth~'\rnt111~~'!1l;jl'll111-l 1 ~Uiiluu"l,UU'Il1"lfl~UJI~fJ~~'Il~"l::fttu'i1'bJfla-li:J:t-Jt1luUIII1'l 
11'11'1!:\lt!u 1111'ltl~l'l1 TIUUI111'l~ll'n:jVIfJ1f'l1fti11Tih ft~ 'llXI'l'l1~ftUL"l Ufl::;lm:n nU'!lf.h~~1 n 

I~T1!:1'11111~1'1l1"l"l!:i:Ja~i:J:t-JI11'!11"fJ'Il~ 
t!'l n IUUP11'llll'l-ll;lfJ'l 'lu r::uu~1fJ ~ 1 1114' n~ n1T\II.jUffiU~'lltN Ufl:: tl'l"lTT'!lum~ 

.., r ~ o L" .., ... .... ..,j .. 1 ....J .ool 1 

'll1V111lfJ'JJ'Il~ll'lnVI1 >HnP~nl'l1~'lU n!'11-ll'lU ~uT1n!Jn1TIUVIIltln'l1 circadian rhythm ul'l:: 

biological clock ~fl'~rl'utiriun!'I'WlU nfl1-l;iu U1~n1;!'lm~1U~'l1'1Uft1~1TiluT~'lt.n.J'Uif 
A'lu~ ~ n11'1~ Lnlll .,, n mr tl'l"lT'll'!l~ t 1'1 nr'!lUIII'l~'ll1VillltJ1lc.~ 11 riu n1r-i1;II'I'JJ'!l~ fl'111i ul'l::rl' n~'l 
~'ll~W'JI ~'!11"liUULU~~\IU1'l\lre 'lu~~HJU ~~Lllu'lh~~ftll1~ u 'lllln'!l~UJ 11.1~1::riumrl1i1N 
=t-lt11\IT'!Irl111"l'11YI~Utlll 
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fli'1a'UI 

1. · 'L tJmn~,::il~>~iliYilll'II~U1.J1111'l~'•I'I·.,"MJ 'b.J ~o.nml!ltJLYltJ>~~ 'lur::uu~1tJ::utJn,,n 'Lnn 

LL «'lil ~--~ iliYi lll'II~UU1111'l~\,\\ol T'll 'b.J L Yl11:: L '1-l"l ~ 
2. n1~~tl\.\1>1fl1'l iYlf.IUJl U~UU1>1>111-J4'n1'l1fl vhurJ1 Qn~tl-1'1-lTtl 'b.J'lu U~ 111111 Pl1fllll f LYIT1:: 

1\olllj~ 

3. Liil11'11::irliu'tut1l'l>ltl1VillltJ'Yli'lln ioninttJL~Uni-Jmr E = mc
2 

4. tJfiU1f.l circadian mythm, biological, clock, equinox 

5. fi::Liil1lt1l1'l U.fl ::t1l1'l\ol1>1;1'il'll::ir L 'il n1fl~fl:: Llil1li111'l\ol1>1'11\.\Lflnili-J1 nutlmYltJ-1~ 

' 
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