
dBsd dBraBo (nature) 
g o a (origin) SD o d a > ® o 
(evolution) CO;® a d ; « § 

C f d S O a O d d ® BdB B g g 

(cosmology) ® @ d adj-ag QsS. 
BdB BgB sodBo s g a cpdg®8 
BdBoB Cp)d®K)Od OC0 
cpBooaod cpjss>?55 S®)8d g a . 
CftgSO C?add8ad (1879 -
1955) ra® 8g,es;oD Bdad a g 
odg BdBo 8ogd®oao. gco. 
o g g o a d 8 o oco aogo a ® g 
®ora o a d d . d doo g a O Bod 
agora 12 - 20 epad dg g 
®coo soJ8 8 8 d ® d d (big bang) 
o g ra8®d BcdBo g o ) d « 6 o 
(expansion) s8®d oBd. Cfta 

BdBsd 8d3 ® d g d « 8 (galax­
ies) odes®) s a s d a BB 
s o s a a BsdSa gs©«6o a ® 
dBisd 8d«6 )8gdd d d a 
Bd«6o g d ® o d , (red shift) Ba 
SBd. BcdBo co®d a d a SBB 
d o seoog o o d d o d . d d a Bd«6 
g d ®)djO Scaog a ® B g a o 
sBcoBd o. cpoodra ®dgd«£}8g 
d d a Bd«6o gd®>d;8 gdo o. 
dseod Cftdd SdB ® d g d « 8 
seodd dgdodBg ddra8d«6 
tŝ riSbdjQ Bcaog o. frao®d 
Cftdd SdB ® d g d « 8 8 g B g a o 
radodoB o ^ a g ® 80,000 a" 

o ® « 6 sB. BcdBo ogradaB 
g o ) d « 6 o Ba SB 1929 g~ 
dBBd eoSg (1889-1953) 
Bdad a g sg ga" ®dg 8 
dsS. epo seoogd gdao eoSg 
sco" d o a o (hubble constant) dd 
g d d g o 3. cftgSO cpSdddSd 
ed> coSg sd d o a o Sgcod. 
eoSg dorasod d o s B d s d 
oaSBod f a o cftdd ddS 
®dgd«6 oaSBoO aSgB 8d3 
®dc ,d£38g3 Bob sBcosod 

f 8 a 8 oo®©" a d a SBd. ®B 
o®co)®B BdBo g o ) d « 6 o sB. 
®S s® 8)aBsd g g 88a 
d d o o doBdraB oBdcod 
s®)SCDora g g ®dgd«fi e ^ a g ® 
cpg g d © o d cftdBo;®, BdBo 
good-©5o Bs® a d ® ®S3 scoog 
ao)Ox3. 

BdBo a d , 8 g d Sd oBd. 
gdoo)g ad;8a . d o BdBsd 
cftd saiB ooSsa a )dao 
cpgdd d a d o®«ft gdoooB 
88) 8ca)g aodao 10 - 20 d 
o®«6 g,aB so)ooscoa dsS. 
a d ; cpad g d cpdBasg o. s®® 
g d ®jiS® ogeoo Bsd® d a a o d 

s » 8 a a d g gjsS. d o 
eogdBdsd 'epsgja 8d®o' 
(light year) ra®d. cf )Sgla 
8 d ® o d o g a d d o d o a d 
dsgJ®3d 3,00.000 a 
sBcoodd eposgiao. 8d®od 
g g <o®d a d a g d g®o®soo8. 
d o gg Bcosod dsgJ®Bd 
95,00,000,000,000 0(8 0 ,gsd. 

a)dao cpad g d ® d a a 8 d 
d a a o a , oodsod (Parsec). 
oaSBsd SB gdoo)0 cftd gd 
s®d 200,000 8 )doa g d d 
d3si dsoJdao sB. d doo 
oodsod d a d d ®8d 3. 
0857x10 1 6 sen) eposgfe) 3d® 

ooeJOejoario SgnS 8§S)<£ esS«s»©)5c5 

© § . OS), ©ea. S)6t0D)O5)5) 

£)3g Qe3C3c3(3&3 

gicri ?3d{c8 (prostar) 

®>eo£ cse)c?f caza^cdo 

©d«2>:>-SS3 8gc3Z3)&3 

(nuclear fussion) 

3.2616 s o d g ® sasd. 
oodsod B g d a d ; cpad gd 
®\d® ocog 8 dsS. g,aB 8;8 
Bcosod d d d © « 6 o a d Cftd 
aco\ 50 8®8o cftdsd oodsod 
5 d cftgga o. oodsod 20 
Cftgga a d ; 1000 soooosroa 
cfta. 

ensgia 8d© g o g d © 
® « 6 a d cftdd g aodao SdBo 
dsS. gdooo eo;d;«S2 88 dBg® 
aodaoB cpo&gla Bd@ coadd 
o®«6 cftdd 8dB) dsS. d o 
sgpdS®) sodsdid (Proxima 
centauri) o g s d d a® a d Cfta. 
dd g d d o c?Q o. d d o ) 8o;8 
Cftod sraososd. ds®d ® 
gdooosd 8da®coo s®d 
g d S o csj«6ooadd 88o Bcoog 
aodao g Cfta. cftdBosdd 
(antares) aodaoB d d d g g a d . 
dd BoogdBo gdooo sd 
8da®£3o s®d g d S o cpg 
cgsood. 

a d ; cpad cpBaooo 
cpdadaodo cp8a)G30 (interstel­
lar space) a® sB. d o 
cpdadaodo gBoBgd o ® d 8 a 
o. g g a Bcosod coSgdd cftd 
cpad ssra g g cp°c?5 g sooooscoa 
Cfta. o a a g S d ® 8 d o a 3 
eoagdd o d ® ) ^ 10 6 a 
g®)«6od so)0)scoa cfta. a g d 
coagdd BogB o®oa8 BsodaB 
g a . 8 o B88 o a d B s o d oco 
g®o«6odscod cpdadaodo 
Bgogd g g g d a d Q S S . 

cposgla d d ® oacod Cftgga 
g s d d ® d g d d d d d a aodao 
gcood. sgodS®) sodsdid 
(proxima centauri) S d o d 
(Sirius), sgposood (Procyon). 
Cftgsdoo (altair) soJs®JgO (por-
molt). Bcoo (vega). soogdd 
(Pollux), cpodQdd (arcturas). 
a ; d d d (caster) COo a ; S O g ) 
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e d o a cpgg®-®?'. a d ^ d , 
(Main - sequence starj 

eogo® codes eaSa a d { d j 
; (Helium core) 

godsa id ) S S d i ® 

(Supernova explosion) 

a d g c o d o 

(Black hole) 

dp odcoa - 2 
! 

g S b a > qF<g@®09OcS ocf iBBJ e$i»c">(35) 6 ) 8 0 e r i e ) © 

g d c a a o d ® g o ao®6d 10 d d 
d a ® 0 SO 9 g d d o s d d a j d g 

©j©S). | 

g g C 0 d « 6 o d d C 9 ® O d j G 

g d c o a o G-0 ( g ^ 9 ® ) d d (|j-9 
( d d g ) g d d o © d g ® s o d d o : g o 

coja. s® cpgd g d o o o G-5 d 

cpod ®S. ! 

gsoodadd ©d. ad[ djB 
g®o«i6od dd®oa6o 3 cftdsd 
coS§dd dgd. d dea adjda 
gdoa f d d a ddcoo eoSgdd 
©S. eoSQdd ê Soo® od®>^ 
S^oasod (nuclear fusion) 

®® dca eoSQdd 
sga Sjcad d a g 3 

d e j ep°a» 01 I - a d i d © d & e & o d g gdes 

dd-s&dg gdrao g d c o a o dd«sSo g d - s i a d d o - s s a g S d 
0 <1 ig® >30,000 
B 3 \&6 10.000-30,000 
A 27 : d g - g g 7500-10.000 
F 10 j 9g 6000-7500 
G 16 igg-aeo 5000-6000 
K 37 ® ® d d d 3500-5000 
M 7 | d g <3500 

(capella) d® adj gaooS. ©® 
adt doge® ej©d ®dgd®8o 
d a dSdodsd cftd d d o d . 

dSdodod dcoj a d d 
®dgd«S dodod ddd) cftd 
Sd cpd gd§. ddosd ac5[ So^S 
eftdd Q d o ©aocoja. g,do 
eojdsd ® d g d « 8 o a eaoodd 
o®«S. ggeod®6od dcosod 
ep©Cfe> dd© 22,00,000 gdd 
Cfod cftdsdp®£b ®dgd«8o (an-
dromeda galaxy) ©osadsd 
gdd®d g o o d dcasod. dd 
<ftd ac^ sdd dosod e;do 
©aoeoja. 

(colour of stars) 

8d®6o cpgd ad[ ddco eoa-
dd. ggcad sed dgcad adj. 
aeoead adj, at®goad adj coa 
dgcad ad[ dcosod. g g sco" 
dgood ad[ fao g « g g ® c 3-
oo®oaBSod d g ac5£)a oa#-
do gd®6ddo sod3®G"Scpocaa 
10,000-30,000 cpad o3d. d g 
dd®6sod g d adjdg g ^ g g ® 
epQ o. s® ad[d(3 oa^oo g d -
«6ddo sodSsc^E) cpocoa 3300 
d o®«6 ©3. gg.- Sdod db&©d 
Sdggp" aodaod oco ® d J d d 

docosd CftgdSfdd aodaod aco 
dd«6sod g d adjd<3 oco 
a t ® g dd^Ssod g d ad^dg 
g 4 § g ® sodSssJo cpooa 
30.000-3300 cpad odd. g d -
ooo aco 3d®6sod g d ac^-
dd. dd o a d d o gd@6ddo 
sod3sco"ej cpocoa 7000 d. 

s®® adj ddco coasd 
epeosdad gd«6ddo cfya 
OoSzsod®a s a o d g d j ©oddog® 
fao cpocog o. d©eod gdooo 
coja g d o cftd g , g ® cpgd S o -
g® aodaod(3 epeoBdad gd-
«6ddo fao c p d a Sd dd«6o 
a d dsd. d doo adtdo 
e e o B d a d gd«6ddo s o d -
3scs)d ep°coa ® g o a co«6ad 
Bo g g o. 

aodao caodgeseSd Sdd d d -
«£b£g QisSmfa oga® a d s c o a 

aodaodd ddco coaad ©Sg 
c\&. ddo O, B, A, F, G, K oco M 
sgo a® a d cfta. deq ep°a 01 
S aodao ddco c o a d cpgg g d a 
odcod a d cpja. O j ® dd®6odg 

«>905C0(B 

a d j d c od«So®o : (evolu­
tion of stars) 

3ddsd goa, dd ddcoopo, 
aci. cpad g d , cpdadaodo Cfd-
aocao oco ad^ddco cô a sgbd-
gd[ fcodd S d a d a d cpja. |d® 
saodgd[, adidtj od«6o®o 
cota ac5[^ soSs®g sSscobd 

i 
. , 1—r 

Sgo® dogd o^sga cpad 
d®<3d cfSa coddod 
gdoogao ©3. dS3 ad^d 
SS^a d d g d d sd gdcoao 
sd. s® S^Sfg® cpgdfg sad3 
cos^ad gcod ® saoaddo Sg 
sS. 

cpdadaodo Qg coo dog (in­

terstellar dust and gases) 
odad®6o Ss®d o a d Q 
dgoodgoa ac^ g o a gSS. 
s® d£pod(3o oosarfdao 3 
g ^ g ® sS. do ©agSd cpocoa 
5-10xl0 6 o®€6 s3. 
dgiodGSd ® d s s d o d ® o ^ 
gdigood (nuclear reaction) 
epod®coS®3 ©®® epSa g«§g® 
SgcaS. s® cpdddod g o d a d j d 

(Prostar) s©o co^d ©3. 
o d ® o « § gdigood dca 
g o d a d ^ d ddoS e p d d d o d a d 

o d sS. d3d ad[@3 
Scoo(3d3o, gd®6ddo oco 
gddo g d d S a ®3. (dp 
odcoa 01 S o d a ) s© d d 3 a 
Od©®6 f a o gdo a o Q O d 

odd. d cpgd do g d o a 

epgg®€Ssd ac^Dd Sdd 
od©3. ac^s3 o d ® o ^ f d d a 
cpdod Q 3d o®«6d ad^sd 
cpog a o Q O cpdod sS. do d© 
SoaS. ®dood a o d a o 

®«^d(3sd SS3 ®coo dcoodaod 
(nebulae) adfded g o a sga 
a^ad sd cogao scoa d©S. 

ad[S3 cpcoBdadsd' Sgda 
©SadS® oga® a d s c o a 

gsga(5o a d ^ d g 3 o a d d o 
c p o a o d o a d S g d a Sd 
cogaoscoa dsS. 

gdoa cpgg®«6@d ac5.dd 
(main Sequence star) gg 
do®a®og (White dwarf) Sdd 
odd® dSd d d qaaodod. gcq 
aogod coa g 33 coSQdd 
SOgg ago® Sdd o d 3 
ad^d g g Sgo© codod (heli­
um nucleus) dd@o«6o ©3. dSd 
ac^©S d a d d o cpg gsd a® 
do gg do®asod Sdd o d 
sS. dd o a d d o csa 
sod3©ddoad ^ © d 106 d. 
ss@dodsoS s ® d j d gg So®a 
a o d a o S g o a gcood o®®6 
Cfta. gg do®a a d ^ d a 3sd@a 
g d ^ s S o dd ® d s s d codo 
f d d 3 dS®d codo ddo gco 
saSgcjodd (planetary nebulae) 
dd®o®6o 3®d o. (d^o odcoa 
04 S g d a ) 

gdooo d g gdd®oJS 
cpdddod o g a e 33 
Scaogddsod oaSSo ad© Da 
g g do®asog Sdd o d s d 
epsd ®dgd«Ssd cŷ d g g 
d o ® a d ( 5 cpog aogo dod 
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S g o a co«6ao3d Bo eoja. $d 
og 83o ©,®sod ggdj 8o®a 
(brown dwarfs) CfBddosB 83 
cpgdj 0>®a (dark dwarfs) 
epBddoB gd8o od«6o®o s3. 

gOoa epa^)®«6 )Sd aod©o8d 
dgsQJa aodaoSd (neutron 
star) 333 odds® ep8ddog 
cogaossa dsS. d a d d o gg 
8o®a ep8dd>83 80o OjS gsd 
a ® do dgsgJa ad(Bd SB3 
o d sB. 883 dgeod dgsgJa 
§g svsd. ©,®Dg©_gB 
oScg®«^o B a g ® 3 © a 
dgsQJa adj seosd© 8ga> 
d s d g s d g" ogood (pulsars) 
sgo a ® a d cfta. dBosd 
g®3© sfesSgo fao codd®d 
o. 6 doo cpsdJSa a>cj ©goo 
s g a © Oc@ddgao sd. dm 
g d d g o d Bcosod 8©d«6o 
©g®co sg©© d d c ^ o s o d 
8s®J8ao sd. g,a3 egood 
300 o®«6 ddd®®6o a d cfta. 
dSdodso© dod oaco©3 
Odd dgsgJa adjOd 

&5Sd€3d@CSS 0680 

oseossO O d d 

£g@Q5s> CDdi©s5 

SO®3£T9G3 3 © 0 QeXBiB 

ffldi 36&©a5 Q£@©8> 

3 8 Sea @a. 885@®a5 

S © e o a 5 g03 e Q S g 

q>ca>. @©@ ^dScs 

@©a5 g@ss)53 êDG3a5 

eocjt 330©aS 

©dDffle&S @ss)d©c) 

(1571 - 1630) 8&sJ 

1604 € a)0 

ep@©5® 0 0 © 7500 s5 

ss»0@a5 (eat carinae) 

root© 8 8 5 cse® 1840 

dd®)«6o B®3 cfOcoB adj 
8 8 5 ® d SgsBa 5)0 d o sd. 
S8Ss®d eftdBa ?ddo o d 
deoeod gd) oOdg cfta. s®® 
c^ddo gdoooscd e^ddo s ® d 
gs©J3 gcood e®«6 sd. 
s®Bjd ad^ 6 6 d ® d sdbeodd 
s a d g d (1571 - 1630) Odd 
1604 $ 0)da> a d dsS). 
OaSBsd SO CpSgJ® Od® 7500 
d gdd 883 dO) aodsd (eat 
carinae) a c \ 3 883 Ot® 1840 Z 
d d d ® « £ ) 0 a d cfta. (dgsQJa 
ad(8© cd® 3 3 a dje 
e3coa Sgda.) 

g3oa cfa^®«6sd aodaoSd 
a d «£B©dod (black hole) 333 
odds® 8g"3d g ddd©«6o 
a d cfta. dgsgJa ad^Oa 
o O d a c?3dd)03 BOo BjB 
d a d d o d cftda®, 
Qgo^dO)ad®®6o SKJê ® (gravi­
tational collapse) doo aodaoB 
a d © p d o d 383 o d s3. (2 
3 a djOoScoa S g d a ) a d 
©jsdodd epsgJ© adoco 83 
saosO. d3 seriaB c?3© agdjdB 
SgoS. coeSa Ojco^g do's® 
cftgsdd © d good cô a a d t ^ 
f c^dod ©d®3 gdoco gdb Cfta. 
d cpad : 

(i) cpsdJSa sffl)3a d s ® d ® 
cg®«6o sa£)a gcodod. 

(schwarzschild solution) 
tii) cpsdJSa dscod ?3®«6o 

sffloda ajodod. 
(Reissner - Nordstorm solution) 

oeo 

(iii) cpsdJSa saoBa dscod 
cg®«6o 3 a gcodod. 

(Kerr solution) Bcosod. 

d a d d o d®c5Jc3l®d 1 0 1 2 oco 
cpdo ®3d 10* 1 5 g d d§f£ © d 
gcod (mini black holes) CDja 

seosd© 3g8)s3 © d ^ j Bdad 
s3. dB^d a d gcod BcdBo 
g o a g S a cpOddssO OjOd SO 
o g a d a . dsO)dO®-cff ld^© 
tfooOgo cpad © d gcodBgd 
cpocij 3s®J0ao SgOa SO 
seoJdo (hawking) sodB) SgS. 

cJSdB aod©o3(3 (binary stars) 
od®6)®o ®3 B3o sBad 
cp©odo3 Sg sO. cJBdS aod©) 
ocJOdoa (brinary star system) 
aod©o s g © d g d a 3 QSS). do 
g>d®a aodaoB (Primary star) 

oco cJBdo aodaoB (secondary 
star) Bcosod. g>d®a aodaosO 
d a d d o . 3(3 o. e[3do 
aod©osB d © d 3 o cpg o. a g d 
ad( sga® soog CQdjdB 
d s d g o d B3o cs®«6o sB. 
god®© aodaoB gsgargo 
adiBd Bcosod d S d8 codsd 
coSgdd gdo epBod g 83 
Sgo® o®«6d Cftd epBdOo3©3 
od«6o®o sB. s® o®3d3B 
gsg©(5) adiBg od«6)®o coja 
ad^gj B d a d dds®c] cp8 
coaOdb ©sgg. Sgo® o®«6d 
cftd cpBddoBaB g)d®© ao\d 
(SCO) g 88 do gaod«6o 8®3 
o3d cod. 833 gpd®® ad^sB 
ogdd f>ao®d sBcosod cJ3d8 

GOOA CFGG®-©̂  ADJB 
(MAIN - SEQUENCE STAR) 

SGO® eodo 

(HELIUM CORE) 

OAO codes 

(LORN CORE) 

GODSAJBB OOD(® 
(SUPERNOVA EXPLOSION) 

DGSGJA a d j 8 

(NEUTRON STAR) 

ao^sB S®o83 cftgd 3® doo 
adj sga ogdd 3 g d Sdscood 
d d og"3dod S38 o d sB. 
a g d s® soog gd®®6o ogB 
?3®sod sBad sB. d doo 
ogdd sg®sod f B a B 88d 
oS. fcoac! sodBo gd d8o 
©jdsd ad£) s® c?8ddo88 
gcoo g ad£>d sd cogaoscoa 
cfta. ogdd Sogg® f3d8 
coo33 g)d®a aod©o3 oco 
g3do aodaoB a^Bad g d a B 
g(Se). dscod cJBdo aodaoB 
s® B a 83 o g 3 d s d coSgdd 
gBa cpBddoBa o. Sgo® g3a 
cpBddod d® g 83 g)d®a 
aodaoS 88d®a3 g d s8. do 
godsaJBo 8'8d®d. 88ds®d 

d i e o 3 c o a - 3 

&3D8> qf8)@®£Bod ODOiBd SgoOizD odiSai S80 OB)S® 
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gdoa tfg^®«s3 adjd 
(Main sequence star) 

Sgd® g3 Oa tfdddo 
(Helium burning stage) 

god cpdddod 
(Super giant stage) 
(aoSd ®es"Sdd 
o » a o ) 

cgco saSgcjod 
(Planetary nebula) 

g g do®a cpdddod 
(White dwarf stage) 
(gdoa tpga,®-eSsd 

adiSdd sd« Q sonde 
scoSd SSg sO) 

©oi09a> ssodraocJ 

gcaod«6(3 Oe) 

tSXJJO 

<fOSo od4jJ OQrf 

godesricO] 
ease 

^6K2 S5)d(t0 

4 c^ocsOtoa 

G&BA QFGGEAOD ADT&AS EBDAXSQ 060 od88 

C^OCSOCOO) 5 

£8o4S s>6l8@ o80M®Q 

Sdda d a d d o <§>ao Sca)(5 a® 
aodao sga adgddd gSdd 
aodao o g d d o d Sdd o d 
saosS. aodao sga sdd 3 oS. 

(dp odcoa 5 S^da) 
godsaodo 8ods®d o g ® 

gSdd aodao ogddo 
adgddd d d s a a d 3£ 
o d d a epdddog ddd@®6o a d 
ep-ta. dscod gSdo ad;S 
eoSQdd Sogc® gdo ago® 
o ® « 6 d Cftd cpdddodd 0;®«fi 
SS good«6o S®S odd cod. 
s® epdddosSg godssrido 
88ds®d C3i3)S g a d geodo 
dsd c&d ogdd ® © d dsdd 
d d « 6 Ss®fdao a d d a d 

o d d cod. s ® S g d d c o d s^o 
so^dad ogdddgd 85sca>d 
®d f eoag soddo gd cpaodod 
o®oa d d o g d d o d o a d sd. 
ago® codo o a a cpdddosd 
o g d a gSdo adjd 68d®ad 
Cd sd. dSd dgsd^ra ad£)d 
C O S ) Q S S . 

ODJDC g o a 2 3 3 S o a cOfS) 

fcosa ddod a g ao\«§ gg Sg, 
gSdcddg dso S d a d dcosod 
O£;ao djcojd a g g g saosS. 
1990 g codd coo a g coSg 
cpeoadaoco dSd®«J&ctt>do 
®D(D(3 od®6i)®o cOiS) o d d 
sfflodgdj dxaod cpssdd«6o 
o d dsS. <§>s)o®d cpdss 

cad;Sid)ad©«6 dc;sdcood a d 
gcod s d a cp£ o a d d d codg 
Cfcosdaoco ddd©«&CEodsd 
sssdgdj ® d d cpaoddaeilO S 
dsd. a d gcoddc o d d a cfda 
agd^ddo dca d sda g a B sda 
cf&ogd sod o d s d axso 
fgdod co®d a d a S d d saod 
aoco cpodod co®d a d a 
SdOjS coSg cpcoadaoco 
ddds«6ocoodsd g d a 

Sdsgss«6o a d a S g d g d 
soddo g dsd. d doo ® g 
{fsscoasdg ac3̂ d(2 od®ao®o 
coja a d d cpgd saodgd; 
cpsdd^o sasd. dod gdoa 
s d g d coSg cpeoTDdaoco 

ddd©«EJocoodo o®co d d d 
s a ® d d d t0(®) Sd«S 
ddd©«6ocoodo (1991) oco 
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