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f~wgKv (Introduction)  
iv‡Zi AvKv‡ki Aciƒc †mŠ›`h© I inm¨ Avw`Kvj †_‡KB gvbyl‡K wew¯§Z I Awff~Z K‡i‡Q| gvbyl ïay AvKv‡ki 

cv‡b ZvwK‡qB ¶vš— nqwb eis G gnvwek¦ m¤ú‡K© Rvbvi Rb¨ weÁvbxiv Aweivg cÖ‡Póv Pvwj‡q hv‡”Qb| `~ieZ©x 

b¶Î, MÖn, DcMÖn, M¨vjvw· †_‡K ïi“ K‡i Avgv‡`i c„w_ex Ges AwZ ¶z`ª AYy-cigvYy mewKQz wb‡qB gnvwek¦| 

 

c`v_©weÁv‡bi †h kv_vq AvKvk I gnvKv‡ki m~h©, P›`ª, MÖn, b¶Î, bxnvwiKv BZ¨vw` wel‡q Z_¨vw`i weeiYmn 

Av‡jvPbv I AbymÜvb K‡i Zv‡K †R¨vwZc`v_©weÁvb e‡j|  

 

cvV- 11.1: gnvwe‡k¦i m„wó inm¨  

Mystery of creation of the Universe  

 D‡Ïk¨ 

G cvV †k‡l Avcwb- 

 gnvwe‡k¦i m„wó inm¨ e¨vL¨v Ki‡Z cvi‡eb| 

 

11.1.1  gnvwe‡k¦i m„wó inm¨  

Mystery of creation of the Universe  
gvby‡li Rvbvi ¶gZv mxgve×| Z_vwc gvbyl AvKvkgÛjxi NUbv I wb`k©bvejx ch©‡e¶Y K‡i wewfbœ 

ZË¡ wbiƒc‡b m‡Pó i‡q‡Q| gnvwek¦ †Kb m„wó n‡jv, wKfv‡e m„wó n‡jv, †KbBev GwU wU‡K Av‡Q G 

m¤ú‡K© Avgv‡`i †Kv‡bv ¯úó aviYv †bB| Z‡e GwU wKfv‡e m„wó n‡q‡Q Gi weeZ©‡bi aviv m¤ú‡K© Avgiv A‡bK 

wKQzB Rvb‡Z †c‡iwQ| iv‡Zi AvKv‡k Avgiv AmsL¨ Zviv ev b¶Î †`L‡Z cvB| Ggb AmsL¨ b¶Î wb‡q MwVZ 

n‡q‡Q GKwU M¨vjvw·| 

mß`k kZvãx‡Z †Uwj‡¯‹v‡ci e¨envi †_‡K Rvbv †Mj †h, m~h© Avgv‡`i Qvqvc_ M¨vjvw·i (Milky way) Ab¨vb¨ 

b¶‡Îi g‡ZvB GKwU mvaviY b¶Î| ZLb g‡b Kiv n‡Zv, m~h© n‡”Q Avgv‡`i M¨vjvw·i †K›`ªwe›`y| wesk kZvãx‡Z 

G‡m †R¨vwZwe©Ávbxiv †R‡b hvb †h, m~‡h©i Ae¯’vb Avgv‡`i M¨vjvw·i †K›`ª †_‡K A‡bK A‡bK `~‡i| Giƒc †KvwU 

†KvwU M¨vjvw· wb‡q MwVZ n‡q‡Q Avgv‡`i G gnvwek¦| Avgv‡`i Qvqvc_ M¨vjvw·‡Z b¶‡Îi msL¨v cÖvq 1011
| 

gnvwe‡k¦ GiKg cÖvq 1011
 msL¨K M¨vjvw· i‡q‡Q| Avi cÖ‡Z¨KwU M¨vjvw·‡Z i‡q‡Q Avgv‡`i M¨vjvw·i cÖvq 

mgmsL¨K b¶Î| c„w_ex gnvwe‡k¦i Zzjbvq AwZ AwZ ¶z`ª| c„w_ex †_‡K gnvKv‡k b¶Î‡`i †`L‡Z KvQvKvwQ g‡b 

n‡jI G‡`i ci¯ú‡ii g‡a¨ i‡q‡Q A‡bK Av‡jvK e‡l©i e¨eavb| 

mf¨Zvi †mB ïi“ n‡ZB weÁvbxMY GB gnvwe‡k¦i m„wó inm¨ Ges cwiYwZ m¤ú‡K© wewfbœ aviYv †cvlY K‡i 

Avm‡Qb| G me aviYv Ges ˆeÁvwbK cÖ‡Póvi dj wn‡m‡e weÁv‡bi GKwU kvLv m„wó n‡q‡Q, hv Km‡gvjwR 

(Cosmology) ev ÔgnvRvMwZK weÁvbÕ bv‡g cwiwPZ| wesk kZvãx‡Z `yB Rb weL¨vZ ‰eÁvwb‡Ki Øviv `ywU cix¶v 

msNwUZ nq, †h¸‡jvi gva¨‡g gnvwek¦ m¤ú‡K© GKwU mywbw`©ó ˆeÁvwbK aviYv cÖvq mKj c`v_© weÁvbx‡`i gv‡S 

M„nxZ n‡q‡Q| cix¶v ỳwU n‡jv- 

1| gnvwe‡k¦i m¤úªmviY Ges  

BDwbU 
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2| gnvRvMwZK cðvrcU wewKiY| 

wb‡¤œ cix¶v ỳwUi ch©‡e¶Yjä djvdj eY©bv Kiv n‡jv: 

(1) gnvwe‡k¦i m¤úªmviY  

(Expannon of the Universe)  
1920 mv‡j weL¨vZ gvwK©b †R¨vwZwe©Ávbx GWDBb nvej (Edwin Hubble) Zvi 

2.5 m ‡Uwj‡¯‹v‡ci mvnv‡h¨ M¨vjvw·¸‡jv ch©‡e¶‡Yi mgq j¶¨ Ki‡jb †h, 

M¨vjvw·¸‡jv ci¯úi †_‡K µgk `~‡i m‡i hv‡”Q| `~ieZ©x M¨vjvw· Gi b¶Î 

†_‡K Avmv Av‡jv ch©‡e¶Y K‡i †`Lv hvq †h, b¶‡Îi eY©vjxi d«bnKvi Kv‡jv 

†iLv¸‡jv ax‡i ax‡i jvj e‡Y©i w`‡K m‡i hv‡”Q| Wcjvi wµqvi gva¨‡g G †_‡K 

wm×vš— Avmv hvq †h, `~ieZx© M¨vjvw· ev M¨vjvw·¸”Q Avgv‡`i †_‡K ~̀‡i m‡i 

hv‡”Q|  

1929 mv‡j nvej Zuvi `xN© bq eQ‡ii ch©‡e¶‡Yi djvdj ch©v‡jvPbv K‡i 

wm×v‡š— DcbxZ nb †h, gnvwek¦ AZ¨š— `ª“ZMwZ‡Z m¤úªmvwiZ n‡”Q| Zuvi 

GB wm×vš—‡K wZwb GKwU m~‡Îi gva¨‡g cÖKvk K‡ib hv nve‡ji m~Î bv‡g 

cwiwPZ| nve‡ji m~Îbymv‡i- 

 

GWDBb nvej 

M¨vjvw·mg~n wb‡Riv Ges c„w_ex n‡Z `ª“ZMwZ‡Z `~‡i m‡i hv‡”Q Ges M¨vjvw·¸‡jvi g‡a¨ `~iZ¡ h‡Zv †ewk 

ci®úi n‡Z `~‡i m‡i hvIqvi †eMI Z‡Zv †ewk| 

c„w_ex n‡Z †Kv‡bv M¨jvw·i ~̀iZ¡ d  Ges `~iMg‡bi †eM v n‡j nve‡ji m~Îvbymv‡i,  

dv   
Hd  

GLv‡b, H GKwU mgvbycvwZK aª“eK, hv nvej aª“eK ev nvej c¨vivwgUvi bv‡g cwiwPZ| Gi GKK n‡”Q 

1s | 

Z‡e cÖPwjZ GKK n‡”Q wK‡jvwgUvi cvi †m‡KÛ cvi †gMvcvi‡mK ev 

Mpc
kms1

1

|  

mv¤úªwZK wewfbœ cix¶vjä djvdj †_‡K nvej c¨vivwgUvi Gi m‡e©vËg gvb cvIqv hvq 

 

Mpc
kms72H

1

   km]103.084Mpc[1 19  

nvej c¨vivwgUvi Gi MÖnY‡hvM¨ gvb e¨envi K‡i Avgiv gnvwe‡k¦i eqm y1014 9  ev 1400 †KvwU eQi wbY©q 

Ki‡Z cvwi| 

Avevi pc ev cvi‡mK (parsec) n‡”Q gnv‰ewk¦K `~iZ¡ cwigv‡ci GKK| m~h© ev c„w_exi ga¨Kvi Mo `~iZ¡‡K GK 

A¨v‡÷ªv‡bvwgK¨vj BDwbU (AU) e‡j| 1 AU = 1.495108 km| 1 AU ˆ`‡N©̈ i †Kv‡bv Pvc (arc) †h ~̀i‡Z¡ wVK 

GK †m‡K‡Û †KvY Drcbœ K‡i †mB `~iZ¡‡K 1 pc ev GK cvi‡mK e‡j| 1 pc = 3.261 y = 3.085710 km ev 

Mpc (mega parsec) = 10pc = 3.085710 km. 
 

(2) ÔgnvRvMwZK- gvB‡µvI‡qf cðvrcU wewKiY  

 Cosmic Microwave Background Radiation- CMB 
‡h‡nZz M¨vjvw·¸‡jv ci®úi n‡Z `~‡i m‡i hv‡”Q, myZivs AZx‡Z †Kv‡bv GKmgq †m¸‡jv Aek¨B GKmv‡_ wQj| 

cÖv_wgK Ae¯’vq gnvwek¦ AKíbxq Nb‡Z¡i e¯‘ I wewKiY Øviv MwVZ wQj| gnvwe‡k¦i m¤úªmvi‡Yi d‡j, GB e¯‘ I 

wewKiY Z‡ZvB kxZj n‡Z _vKj| Gi †cÖw¶‡Z wewKi‡Yi KYv ev †dvU‡bi Zi½‰`N©̈  µgvš̂‡q e„w× †c‡Z _vKj| 

gnvwe‡k¦i wewKwiZ kw³i GKwU wbw`©ógvÎv ev cwigvY Av‡Q Ges m¤úªmviYkxj gnvwe‡k¦ H wbw`©ó kw³I 

m¤úªmvwiZ As‡k wewKwiZ n‡”Q| GL‡bv, H wewKwiZ Aewkó kw³i Aw¯—Z¡ wbY©q Kiv hvq| GB wewKiY‡K 

gnvRvMwZK gvB‡µvI‡qf cðvrcU wewKiY e‡j| 
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lv‡Ui `k‡Ki gvSvgvwS 1965 mv‡j GB RvZxq wewKi‡Yi cÖ_g mÜvb cvb Av‡b©v A¨vjvb †cbwRqvm (Arno Allan 
Penzians) Ges ievU© DBjmb (Robert Wilson) bv‡gi 

`yBRb gvwK©b c`v_©weÁvbx| Zuviv †ej j¨ve‡iUwi‡Z 

DcMÖn †hvMv‡hv‡Mi Rb¨ GKwU gvB‡µvI‡qf G‡›Ubv 

wb‡q KvR K‡iwQ‡jb| Zuviv †`L‡jb †h, †h‡Kv‡bv w`‡KB 

G‡›Ubv‡K ZvK Kiv †nvK bv †Kb, G‡›Ubv‡Z GKwU A™¢~Z 

wewKiY Z_v Zi½ Pviw`K †_‡K Avm‡Q| †cbwRqvm I 

DBjmb e¨vcK ch©‡e¶‡Yi ci wm×v‡š— DcbxZ n‡jb 

†h, gvB‡µvI‡qf G‡›Ubv‡Z gnvwe‡k¦i cÖv_wgK Ae¯’vi 

Zxeª wewKi‡Yi Aewkó wKQz kw³i Aw¯—Z¡ aiv co‡Q| 

GB wewKiY wbw`©ó †Kv‡bv kbv³K…Z Drm †_‡K bq, eis 

mviv eQie¨vcx memgq mKj w`K †_‡K Avm‡Q| Zviv 

wnmve K‡i †`Lvb †h, gvB‡µvI‡qf cUf~wg wewKi‡Yi ZvcgvÎv cÖvq 3 K Ges mevB ‡g‡b wb‡jb †h, GB 

gvB‡µvI‡qf wewKiY weM e¨vsM g‡Wj Abyhvqx cÖZ¨vwkZ Aewkó wewKiY| Zuv‡`i GB hyMvš—Kvix Avwe®‹v‡ii Rb¨ 

1978 mv‡j c`v_©weÁv‡b †bv‡ej cyi®‹vi cvb| 

 

11.1.2 weM e¨vsM ZË¡  

Big Bang Theory 
1927 mv‡j †ejwRqv‡gi †R¨vwZwe©̀  RR© †jgvBUvi (George Lemaitre) cÖmviYkxj wek¦ msµvš— ZË¡ cÖ̀ vb K‡ib 

hv nve‡ji m~‡Îi mv‡_ wg‡j hvq|  1931 mv‡j wZwb Av‡iv cȪ —ve K‡ib †h, cÖmviYkxj wek¦‡K hw` mg‡qi mv‡_ 

wcwQ‡q †bqv nq, Zvn‡j GKUv we› ỳ‡Z Avgiv DcbxZ n‡Z cvi‡ev, †hLv‡b gnvwe‡k¦i mg¯— fi cyÄxf~Z wQj, 

hv‡K Avw`g cigvYy ejv †h‡Z cv‡i Ges GLvb †_‡KB ¯’vb-Kv‡ji D™¢e| ZvB RR© †jgvBUvi‡K weM e¨vsM 

g‡W‡ji RbK ejv n‡q _v‡K| 

RR© M¨v‡gv gnvwe‡k¦i cÖmviY m¤ú‡K© aviYv K‡iwQ‡jb †h, †h‡nZz M¨vjvw·mg~n ci®úi †_‡K `~‡i m‡i hv‡”Q ZvB 

my`yi AZx‡Z wbðqB Zviv ci®ú‡ii Lye KvQvKvwQ wQj| A_©vr †Kv‡bv GK mgq 

gnvwe‡k¦i me e¯‘wcÛ GKwÎZ Ae¯’vq wQj Ges GK gnvwe‡ùvi‡Yi d‡jB G¸‡jv 

µ‡gB Qwo‡q co‡Z ïi“ K‡i| GB Z‡Ë¡i bvg gnvwe‡ùviY ZË¡ ev weM e¨vsM ZË¡| 

weM e¨vsM ev gnvwe‡ùviY Avgv‡`i cwiwPwZ we‡ùviY †_‡K m¤ú~Y© c„_K GKwU NUbv| 

mvaviY we‡ùviY GKwU wbw`©ó ¯’vb ev †K›`ª †_‡K ïi“ K‡i Pviw`‡K Qwo‡q c‡o| wKš‘ 

weM e¨vs‡Mi we‡ùviY GKB mgq mKj ¯’v‡b N‡UwQj| cÖK…Zc‡¶ weM e¨vsM ej‡Z 

gnvwek¦ m„wói Ôïi“Õ †evSvq hLb †_‡K ¯’vb I mgq MYbv Avi¤¢ nq| A_©vr weM 

e¨vs‡Mi c~‡e© wKQzB wQj bv|  weM e¨vM -Gi ci s10 43
 ch©š— Kx N‡UwQj Zv Avgiv 

Rvb‡Z cvwiwb, wKQzUv aviYv †c‡qwQ gvÎ| gnvwek¦ ïi“ n‡qwQj GKwU Acwi‡gq ¶z`ª, 

Amxg Zvc I Amxg NbZ¡wewkó kw³i Drm †_‡K| G‡K ejv nq Abb¨Zv ev A‰ØZ we›`y 

(Singularity)| G‡Z me †gŠwjK ej¸‡jv GK‡Î GKxf~Z ej wn‡m‡e wQj| gnvwek¦ m„wói s10 43
 c‡i 

c`v_©weÁv‡bi m~Î¸‡jv Kvh©KvwiZv jvf K‡i| G mgq‡K c­v‡¼i mgq ejv nq| G mgq gnvwek¦ D”P kw³i 

†dvU‡b cwic~Y© wQj| †dvUb¸‡jv Lye Nb mwbœweó Ae¯’vq wQj Ges G‡`i ZvcgvÎv wQj K1033
| 

s10 43
 ‡_‡K s10 38

 mgqKvj‡K aiv nq gnvGKxfe‡bi Kvj| G mg‡q 

gnvKl© ej GKxf~Z Ae¯’vq _vKv Ab¨ †gŠwjK ejmg~n †_‡K Avjv`v n‡q hvq 

Ges Avw` †gŠwjK KYv I cÖwZ KYv¸‡jv ˆZwi n‡Z ïi“ K‡i| s10 36
 ‡_‡K 

s10 32
 mgqKv‡j gnvwe‡k¦i ZvcgvÎv K1032

 n‡Z K1027
 G †b‡g Av‡m| 

G mg‡q GKwU `kv cwieZ©b N‡U, hvi d‡j GKxf~Z ej †_‡K mej wbDwK¬q 

ej c„_K n‡q hvq| GB mg‡q gnvwek¦ Lye `ª“Z m~PKxqfv‡e cÖmvwiZ n‡Z 

ïi“ K‡i| G Kvj‡K ùxwZKvj Ges G NUbv‡K gnvwe‡k¦i ùxwZ (Inflation) 
e‡j| gnvwek¦ G mg‡q cÖPÛfv‡e dz‡j †du‡c I‡V Ges Avw` Ae¯’vi cÖvq 

3010 ¸Y eo n‡q hvq| G mgq kw³kvjx e‡ji cÖfv‡e †KvqvK© KYv¸‡jv KvQvKvwQ Av‡m| gnvwek¦ ZLb †dvUb, 

 

RR© M¨v‡gv 

 

†cbwRqvm                        DBjmb 

wPÎ 11.1 weM e¨vsM 
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†KvqvK©m I †jcU‡bi Mig my¨‡c cwiYZ nq| s10 35
 ‡_‡K s10 5

 ch©š— †KvqvK©- †jcUb GK‡Î my¨c Ae¯’vq 

wQj| 

s10 36
 ‡_‡K s10 12

 mgqKvj‡K `ye©j e‡ji Kvj wn‡m‡e aiv nq| G mg‡q `ye©j ej (Weak Force) Zvwor 

†PŠ¤K̂ ej †_‡K c„_K n‡q hvq| d‡j G mgq †gŠwjK ej nq PviwU| G mgq gnvwe‡k¦i ZvcgvÎv K1012
G †b‡g 

Av‡m|  

gnvwe‡ùvi‡Yi s10 12
 ‡_‡K s10 6

mgqKvj‡K †KvqvK©Kvj wn‡m‡e MY¨ Kiv nq| G mgq †KvqvK© Ges cÖwZ-

†KvqvK© ci¯ú‡ii ms¯ú‡k© G‡m ci¯úi‡K aŸsm K‡i ‡`q| ïay Aí wKQz †KvqvK© (cÖvq cÖwZ wewjq‡b GKwU) G‡`i 

cÖwZ-†KvqvK© bv cvevi Rb¨ †eu‡P hvq ev i¶v cvq, †h¸‡jv Ae‡k‡l mshy³ n‡q c`v_© MVb K‡i| 

 

weM e¨vsM Gi c‡i s10 6
 ‡_‡K s1 mgqKvj‡K n¨vWi‡bi Kvj wn‡m‡e MY¨ Kiv nq| G mg‡q gnvwe‡k¦i ZvcgvÎv 

K1011
-G †b‡g Av‡m| †KvqvK©̧ ‡jv ci¯ú‡ii mv‡_ mshy³ n‡q n¨vWib ˆZwi K‡i| n¨vWib c‡e©i P~ovš— Ae¯’vq 

B‡jKUªb¸‡jv †cÖvU‡bi mv‡_ msN‡l©i d‡j GKxf~Z n‡q wbDUªb Drcbœ K‡i Ges wbDwUª‡bv bv‡g Avi GKwU KYv 

wbM©Z nq| 

 

weM e¨vM Gi s1  †_‡K 3 wgwbU mgqKvj‡K †jcU‡bi Kvj wn‡m‡e we‡ePbv Kiv nq| n¨vWib Kvj †k‡l †ewki 

fvM n¨vWib I cÖwZ n¨vWib webvwkZ nq| Gi d‡j †jcUbmg~n, †hgb- B‡jKUªb Ges cÖwZ B‡jKUªb (cwRUªb) 

gnvwe‡k¦ AvwacZ¨ we¯—vi K‡i| B‡jKUªb I cwRUªb hLb msN‡l© wjß nq ZLb G¸‡jv ci¯úi‡K webvk K‡i Ges 

†dvUbiƒ‡c kw³i Avwe©fve N‡U| †dvUb¸‡jv Avevi ci¯ú‡ii mv‡_ msN‡l© wjß nq Ges B‡jKUªb I cwRUªb hyMj 

m„wó K‡i| 

gnvwe‡ùvi‡Yi 3 wgwb‡Ui gv_vq ZvcgvÎv K109
-G †b‡g Av‡m| ZLb gnvwek¦ h‡_ó kxZj n‡q‡Q| Gmgq 

wbDwK¬q wdDkb wewµqvi gva¨‡g †cÖvUb I wbDUªb GKwÎZ n‡q Aíf‡ii wbDwK¬qvmmg~n †hgb- wWI‡Uwiqvg, 

wnwjqvg Ges wjw_qvg MVb K‡i| wKš‘ †dvUb KYv¸‡jv m„ó wbDwK¬qv‡mi mv‡_ wg_w¯Œqv ïi“ Kivq Lye †ewk `~i 

†h‡Z cv‡i bv| d‡j gnvwek¦ ZLbI A¯”̂Q wQj| 

 

gnvwe‡ùvi‡Yi 

5103  eQ‡ii mgq ZvcgvÎv K400  G †b‡g Av‡m| gnvwek¦ ZLb h‡_ó kxZj| G mg‡q 

B‡jKUªb¸‡jv wbDwK¬qv‡mi mv‡_ mshy³ nIqvi gva¨‡g cigvYy MVb Ki‡Q| †h‡nZz †dvUb Avavb wbi‡c¶ KYv, G 

Kvi‡Y wbi‡c¶ cigvYy Gi mv‡_ Lye Kg wg_w¯Œqv K‡i| ZvB Av‡jv ZLb eû`~i cwiågY Ki‡Z cv‡i| A_©vr G 

mg‡q gnvwek¦ Lye ¯^”Q (Transparent) ‡`Lvq| GB ˆewkó¨g~jK mgq‡K cybM©Vb Kvj (Recombination time) ejv 

nq| G cÖwµqvq gy³ B‡jKUªbmg~n cigvYy‡Z Ave× nevi d‡j cðvrcU wewKiY me©Î ågY Kivi my‡hvM cvq| hv 

Avgv‡`i ms‡e`bkxj †Uwj‡¯‹v‡c aiv c‡o‡Q| G mg‡q gnvwe‡k¦ cÖvq 75% nvB‡Wªv‡Rb, 25% wnwjqv‡gi mv‡_ Lye 

Aí cwigvY wjw_qv‡gi Dcw¯’wZ †`Lv hvq| 

 

weM e¨vsM Gi 300 †_‡K 500 wgwjqb eQ‡ii g‡a¨ gnvK‡l©i cÖfv‡e nvB‡Wªv‡Rb Ges wnwjqvg M¨v‡mi cigvYy 

mg~n gnvwe‡k¦i wewfbœ ¯’v‡b Avjv`vfv‡e GKwÎZ n‡Z ïi“ K‡i Ges wbR¯ ̂gnvK‡l©i cÖfv‡e RgvU euva‡Z _v‡K 

Ges ms‡KvwPZ nq| d‡j ZvcgvÎv †e‡o hvq Ges nvB‡Wªv‡Rb cigvYyi g‡a¨ wbDwK¬q wewµqv ïi“ nq Ges 

Kvjµ‡g b¶Î I M¨vjvw·¸‡jvi m„wó nq| 

 

D`vniYÑ11.1| Dimv †gRi M¨vjvw·¸”Q Avgv‡`i M¨vjvw· †_‡K 109
 Av‡jvKel© `~i‡Z¡ Aew¯’Z| nvej aª“eK 

Mpc
kms72

1

 n‡j Dimv †gRi M¨vjvw·¸”Q Avgv‡`i †_‡K KZ †e‡M ~̀‡i m‡i hv‡”Q?  

mgvavb: Avgiv Rvwb,  GLv‡b,  

 Hdv   `~iZ¡, y109d  

 

1y103.26
1101km72.

6

9





y

 nveb aª“eK, 

Mpc
kms72H

1

  
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13 kms1022.08   

1y103.26
kms 72

6

1






 

D: 

13 kms1022.08    †eM, ?v   

 

 

mvi-ms‡¶c :  

weM e¨vsM : weM e¨vsM ev gnvwe‡ùviY Avgv‡`i cwiwPZ we‡ùviY †_‡K m¤ú~Y© c„_K GKwU NUbv| mvaviY 

we‡ùviY GKwU wbw`©ó ¯’vb ev †K› ª̀ †_‡K ïi“ K‡i Pviw`‡K Qwo‡q c‡o| wKš‘ weM e¨vs‡Mi we‡ùviY GKB 

mgq mKj ¯’v‡b N‡UwQj|  

 

 

cv‡VvËi g~j¨vqb: 11.1 

eûwbe©vPbx cÖkœ :  

mwVK DË‡ii cv‡k wUK () wP ý w`b 

1| weM-e¨vsM msNwUZ n‡qwQj? 

 (K) gnvKv‡k (L) c„w_ex‡Z (M)  †mŠiRM‡Z (N) me©Î 

2|  gnvRvMwZK `„iZ¡ MYbvq mvaviYZ †Kvb GKK e¨envi Kiv nq? 

 (K) m (L) km (M) year (N) pc (parsec) 
 

cvV-11.2 : c`v_©weÁv‡bi Av‡jv‡K gnvwe‡k¦i P‚ovš— cwiYwZ 

       Ultimate Fate of the Universe in Terms of Physics 

 D‡Ïk¨ 

GB cvV †k‡l AvcwbÑ 

 c`v_©weÁv‡bi Av‡jv‡K gnvwe‡k¦i fwel¨r m¤ú‡K© aviYv w`‡Z cvi‡eb|  

 

gnvwe‡k¦i P‚ovš— cwiYwZ Kx n‡e, AvaywbK †fŠZ wek¦Z‡Ë¡i GKwU AwZ ¸i“Z¡c~Y© Av‡jvwPZ welq| 

gnvwe‡k¦i Av‡`Š †Kv‡bv cwiYwZ  ev †kl Av‡Q wK bv Ges _vK‡jI Zv Kx iKg n‡Z cv‡i? gnvwe‡k¦i 

m„wó m¤ú‡K© hLbB weM e¨vsM ev gnvwe‡ùviY ZË¡ RbwcÖqZv †c‡q‡Q ZLbB Gi cwiYwZ Aek¨¤¢vex n‡q †`Lv 

w`‡q‡Q| wewfbœ ˆeÁvwbK Z‡Ë¡ gnvwe‡k¦i wewfbœ cwiYwZi e¨vcv‡i fwel¨revYx Kiv n‡q‡Q| GB ZË¡̧ ‡jv fvjfv‡e 

†evSvi Rb¨ A`„k¨ e¯‘, A`„k¨ kw³, gnvwe‡k¦i R¨vwgwZK MVb BZ¨vw` m¤ú‡K© Rvbv `iKvi| wb‡P G‡`i m¤ú‡K© 

Av‡jvPbv Kiv n‡jv|  

 

11.2.1 A „̀k¨ e¯‘ (Dark Matter) 
ch©‡e¶‡Yi gva¨‡g †`Lv hvq GKwU M¨vjvw·i b¶Î¸‡jvi AwaKvs‡ki 

fi M¨vjvw·i †K‡›`ª web¨¯— _v‡K| Avi gnvKl© e‡ji cÖfv‡e GB 

fi‡K †K›`ª K‡i b¶Î¸‡jv M¨vjvw·i Pviw`‡K cwiågY K‡i [wPÎ 

11.2]| †h‡nZz gnvKl© ej †K‡›`ªi wbK‡U †ewk, ZvB †K‡›`ªi KvQvKvwQ 

N~Y©vqgvb b¶Î¸‡jvi MwZ‡eM, †K›`ª †_‡K A‡bK ~̀i‡Z¡ N~Y©vqgvb 

b¶Î¸‡jvi MwZ‡e‡Mi †_‡K A‡bK †ewk nIqv DwPr| wKš‘ ch©‡e¶‡Y 

†`Lv hvq, †K›`ª †_‡K A‡bK `~i‡Z¡ †M‡jI b¶Î¸‡jvi N~Y©b MwZ †eM 

cÖvq, GKB _v‡K| `~‡ii b¶Î¸‡jv‡K  GZ `~i‡Z¡ _vKvi ciI GZ 

 
wPÎ 11.2 : M¨vjvw·‡K †K›`ª K‡i 

N~Y©vqgvb b¶Î gÛjx| 
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†ewk †e‡M Nyiv‡bvi Rb¨ A‡bK kw³kvjx gnvKl© †¶Î cÖ‡qvRb| wKš‘ M‡elYvq †`Lv hvq, M¨vjvw·‡Z Dcw¯’Z 

`„k¨gvb f‡ii c‡¶ GZ †ewk gnvKl© ej Z_v kw³ mieivn Kiv m¤¢e bq| Gi †_‡K weÁvbxiv aviYv Ki‡jb, GB 

gnvwe‡k¦ wecyj cwigvY A`„k¨ fi i‡q‡Q hv GB kw³kvjx gnvKl© m„wói Rb¨ `vqx| GB wekvj cwigvY A`„k¨ fiB 

A`„k¨ e¯‘ ev Dark Matter bv‡g cwiwPZ| weÁvbxiv 2006 mv‡j Qvqvc_ mg~‡ni g‡a¨ msNl© ch©‡e¶Y K‡i A`„k¨ 

e¯‘i e¨envi wbwðZ n‡q‡Qb|   

 

11.2.2 A „̀k¨ kw³ (Dark Energy) 
Avgiv Rvwb gnvwek¦ µgk cÖmvwiZ n‡”Q| e„nr we‡ùvi‡Yi ci gnvwe‡k¦i m¤úªvmviY nvi wQj Lye †ewk|  

†R¨vwZwe©Ávbxiv aviYv K‡ib, gnvwe‡ùvi‡Yi GZ wewjqb eQi c‡i gnvK‡l©i cÖfv‡e gnvwe‡k¦i m¤úªmviY nvi ax‡i 

ax‡i Kg‡Q| wKš‘ weÁvbx‡`i M‡elYvq  †`Lv  hvq, gnvwe‡k¦i m¤úªmviY nvi †hLv‡b Kgvi K_v, †mLv‡b Zv ax‡i 

ax‡i †e‡o Pj‡Q| mvaviY Av‡cw¶KZvi Z‡Ë¡ ZvB Ggb GKwU gnvwe‡k¦i aviYv Kiv cÖ‡qvRb, hv‡Z FYvZ¥K 

Pvcwewkó (Negative Pressure) wecyj  cwigvY kw³ Dcv`vb i‡q‡Q hv kw³kvjx gnvK‡l©i wei“‡× KvR K‡i gnvwek¦ 

m¤úªmvi‡Yi GB ewa©Z nv‡ii Rb¨ `vqx| GB kw³B n‡”Q A`„k¨ kw³  ev Dark Energy| A`„k¨ kw³  gnvwe‡k¦i 

cÖmviY ev ms‡KvPb Øviv cÖfvweZ nq bv| aviYv Kiv nq gnvwe‡k¦i 70% MVb K‡i‡Q A`„k¨ kw³|  

KvR : A „̀k¨ e¯‘ I A`„k¨ kw³i g‡a¨ cv_©K¨ Ki| 

A`„k¨ e¯‘ kw³kvjx gnvKl© †¶Î m„wó‡Z cÖZ¨¶ f~wgKv iv‡L| Acic‡¶ A`„k¨ kw³ gnvK‡l©i wecix‡Z KvR K‡i 

gnvwe‡k¦i m¤úªmviY‡K Z¡wiZ K‡i| A_©vr A`„k¨ e¯‘ I A`„k¨ kw³ ci¯ú‡ii wecix‡Z KvR K‡i| 

 

11.2.3 gnvwe‡k¦i R¨vwgwZK MVb (Geometry of the Universe) 

gnvwe‡k¦i R¨vwgwZK MVb eyS‡Z n‡j gnvwe‡k¦i NbZ¡ c¨vivwgUvi (Parameter) Ω (I‡gMv) m¤ú‡K© Rvbv cÖ‡qvRb| 

NbZ¡ c¨vivwgUvi, Ω n‡jv gnvwe‡k¦i Mo NbZ¡,  Ges msKU ev µvwš— NbZ¡, c  Gi AbycvZ|  

NbZ¡ c¨vivwgUvi,  = 

Mo NbZ¡

µvwš— NbZ¡

 = 

c

 

                          = 
8G
3H2  

Mo NbZ¡ ej‡Z gnvwe‡k¦i cÖK…Z NbZ¡‡K †evSvq|  

msKU NbZ¡ ej‡Z GK NbwgUv‡i 5wU nvB‡Wªv‡Rb cigvYy‡K aiv nq| 

GLv‡b msKU NbZ¡, c = 
3H2

8G =9.47×10-27 kgm-3; GLv‡b H = nvej aª“eK Ges G = gnvKl©xq aª“eK|  

Ω Gi gv‡bi Dci gnvwe‡k¦i R¨vwgwZK MVb wbf©ikxj| D¤§y³ gnvwe‡k¦i Rb¨ Ω <1, mgZj gnvwe‡k¦i Rb¨, Ω = 
1Ges e×gnvwe‡k¦i †¶‡Î, Ω > 1| 

 
wPÎ 11.3 : gnvwe‡k¦i AvKvi ebvg mgq †jLwPÎ| 

weM e¨vsM 
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(K) Db¥y³ gnvwek¦ (Open Universe) : hw` 

gnvwe‡k¦i Mo NbZ¡, msKU Nb‡Z¡i †P‡q Kg 

nq (Ω < 1) Zvn‡j e ‘̄mg~‡ni gnvKl©x©q 

AvKl©Y ej Gi cÖmviY‡K _vgv‡Z cvi‡e 

bv| Zvi d‡j Abš— Kvj a‡i gnvwek¦ 

cÖmvwiZ n‡Z _vK‡e, KLbI msKzwPZ n‡e 

bv| ZLb GwU‡K Db¥y³ gnvwek¦ ejv nq| 

Db¥y³ gnvwe‡k¦i R¨vwgwZK AvK…wZ n‡e 

Awae„ËvKvi| 

 

 
wPÎ 11.4 : Db¥y³  gnvwek¦| 

 

 
wPÎ 11.5 : mgZj gnvwek¦| 

(L) mgZj  gnvwek ¦ (Flat Universe) : gnvwe‡k¦i 

Mo NbZ¡ hw` msKU Nb‡Z¡i mgvb nq (Ω =1) Zvn‡j 

gnvKlx©q AvKl©Y cÖmvi‡Yi Kv‡Q A‡íi Rb¨ civwRZ 

n‡e| d‡j cÖmviY G‡Kev‡i †_‡g hv‡e bv, ïay axi 

MwZ‡Z Abš—Kvj a‡i cÖmvwiZ n‡Z _vK‡e| G †¶‡Î 

cÖmviYRwbZ avegvb mewKQz †mvRv c‡_ Pj‡Z 

_vK‡e| ’̄vb n‡e Amxg mgZj A_©vr eµZvk~b¨| 

ZLb GwU‡K ejv nq mgZj gnvwek¦| mgZj 

gnvwe‡k¦i R¨vwgwZK AvK…wZ n‡e mgZj| 

(M) e× gnvwek ¦ (Closed Universe) : hw` gnvwe‡k¦i Mo NbZ¡ msKU NbZ¡ A‡c¶v †ewk nq (Ω > 1) Zvn‡j 

gnvKlx©q AvKl©Y ej gnvwe‡k¦i m¤úªmviY‡K civwRZ K‡i †dj‡e Ges gnvwek¦ msKzwPZ n‡q Avw` Ae¯’v wd‡i 

cv‡e|  

hw` gnvwek¦ Avevi †QvU n‡q Zvi Avw` we›`y‡Z wd‡i hvq, Z‡e G‡K ejv nq e× 

gnvwek¦| e× gnvwe‡k¦i R¨vwgwZK AvK…wZ n‡e ‡MvjK AvK…wZi| 

gnvwe‡k¦i P~ovš— cwiYwZ wK n‡Z hv‡”Q  Zv wbf©i K‡i cÖavbZ Gi R¨vwgwZK 

AvK…wZ I we`¨gvb A`„k¨ kw³i Ici| G `ywU wel‡qi Dci wfwË K‡i gnvwe‡k¦i 

P~ovš— cwiYwZ m¤ú‡K© K‡qK ai‡bi ZË¡ Av‡Q;  

†hgb- gnv wngvqb A_ev Zvcxq g„Zy¨, weM wic, gnv ms‡KvPb BZ¨vw`| G¸‡jv 

m¤^‡Ü wb‡P Av‡jvPbv Kiv n‡jv|  
wPÎ 11.6 : e× gnvwek¦| 

11.2.4 gnv wngvqb (Big Freeze) A_ev Zvcxq g„Zy¨ (Heat Death) : gnvwe‡k¦i NbZ¡ hw` msKU Nb‡Z¡i mgvb 

A_ev Kg nq Ges Zv‡Z hw` h‡_ó cwigvY A`„k¨ kw³ bv _v‡K, Z‡e GK mgq gnvwe‡k¦i m¤úªmviY axi n‡q 

hv‡e, Z‡e KLbB †kl n‡e bv| gnvwek¦ hZB cÖmvwiZ n‡e, ZZ Zvi NbZ¡ Kg‡Z _vK‡e Ges Gi d‡j bZzb 

†Kv‡bv b¶Î m„wó n‡e bv| Gi d‡j gnvwe‡k¦i Mo ZvcgvÎv Amgfv‡e cig k~‡b¨i w`‡K avweZ n‡e Ges gnv 

wngvqb Ae¯’vi m„wó n‡e| G mgq K…ò MnŸimg~n ¯Ẑtev®úxf~Z n‡e| gnvwe‡k¦i GbUªwc evo‡Z evo‡Z Ggb GKwU 

we›`y‡Z †cuŠQv‡e hLb G †_‡K Kvh©Kix †Kv‡bv kw³ cvIqv hv‡e bv| G Ae¯’v‡K gnvwe‡k¦i Zvcxq g„Zy¨ ejv nq|  

11.2.5 weM wic (Big Rip) : gnvwe‡k¦ A`„k¨ kw³i cwigvY hw` Lye †ewk nq, ZLb Gi m¤úªmvi‡Yi Z¡iY Av‡iv 

†e‡o hv‡e Ges GB µgea©gvb Z¡iY GZ †ewk n‡e †h gnvwe‡k¦i M¨vjvw· †_‡K ïi“ K‡i hZ iKg e¯‘ i‡q‡Q Zv 

¶z`ª †_‡K ¶z`ªZi ch©v‡q †f‡½ wM‡q ‡gŠwjK KYv I wewKi‡Y wewk­ó n‡q hv‡e Ges  GB KYv¸‡jv ci¯úi †_‡K 

A‡bK `~‡i m‡i hv‡e| Giƒc Ae¯’vq A`„k¨ kw³ I m¤úªmviY nvi Amxg n‡e| gnvwek¦ ZLb Abb¨Zv ev 
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wm½yjvwiwU‡Z †cuŠQz‡e Ges Avgv‡`i GB cwiwPZ gnvwe‡k¦i mgvwß NU‡e| GB Abb¨Zvi mgq †h †Kv‡bv ai‡bi ej, 

Zv †m hZB cÖej †nvK bv †Kb, c`v‡_©i Dci Zvi †Kv‡bv cÖfveB _vK‡e bv| gnvwe‡k¦i mewKQzB ci¯úi †_‡K 

wew”Qbœ n‡q hv‡e, G‡K weM wic (Big Rip)  ev gnvwe‡”Q` bv‡g AwfwnZ Kiv nq|  

11.2.6 gnvms‡KvPb (Big Crunch)   
GB ZË¡ g‡Z gnvwe‡k¦i Mo NbZ¡ Gi m¤úªmviY‡K eÜ Kivi 

Rb¨ h‡_ó| A`„k¨ kw³i cwigvY hw` †ewk bv nq, Z‡e 

gnvwe‡k¦i m¤úªmviY Kg‡Z Kg‡Z GK mgq Zvi m¤úªmviY eÜ 

n‡q hv‡e Ges Zv msKzwPZ n‡Z ïi“ Ki‡e| Avi msKywPZ n‡Z 

n‡Z †MvUv gnvwek¦ GK gvÎvnxb wm½yjvwiwU‡Z wejxb (Collapse) 
n‡e| Ab¨ GKwU Z‡Ë¡ aviYv Kiv nq, gnvms‡KvP‡bi ci cybivq 

Avevi gnvwe‡ùviY msNwUZ n‡e| Zvici Avevi gnvms‡KvPb,  

A_©vr  GB P‡µi cybive„wË Pj‡ZB _vK‡e|  

 
wPÎ 11.7 :  gnv ms‡KvPb| Dj­¤ ̂A¶‡K 

abvZ¥K A_ev FYvZ¥K mgq A¶ we‡ePbv Kiv 

nq| 

gnvwe‡k¦i GB aviYv‡K Qw›`Z gnvwek¦ (Oscillating Universe) g‡Wj e‡j|  

gnvwe‡k¦i Awš—g cwiYwZ wb‡q †`qv G mKj  Z‡Ë¡ A`„k¨ kw³i f~wgKv AZ¨š— ¸i“Z¡c~Y©| A_P A`„k¨ e¯‘ I 

A`„k¨ kw³i Aw¯—Z¡ GLbI ZË¡xq aviYv| Ab¨w`‡K weM e¨vsM Ges Qw›`Z g‡W‡j mycvi cigvYy MV‡bi KviY ev 

inm¨ eY©bv Ki‡Z cv‡i bv| G welq¸‡jv wb‡q weÁvbxiv wbiš—i M‡elYv K‡i hv‡”Qb|   

1916 mv‡j AvjevU© AvBb÷vBb mvaviY Av‡cw¶K ZË¡ cÖYqb Kivi ci M‡elYvq †`Lv hvq †h, gnvwe‡k¦i P‚ovš— 

cwiYwZ m¤¢e| mvaviY Av‡cw¶K Z‡Ë¡i wewfbœ mgxKi‡Yi m¤¢ve¨ mgvavb gnvwe‡k¦i P‚ovš— cwiYwZi Bw½Z  cÖ̀ vb 

K‡i| Av‡jK‡RÛvi wd«Wg¨vb (Alexander Friedman) GB ai‡bi wKQz mgvavb cȪ —ve K‡ib 1921 mv‡j| 

G¸‡jvi g‡a¨ GKwU n‡jv gnvwek¦ Abb¨Zv (Singularity) †_‡K ïi“ n‡q AbeiZ cÖmvwiZ n‡”Q, hv‡K ejv nq 

e„nr we‡ùviY (Big Bang)| 1931 mv‡j weÁvbx  GWzBb nvej (Edwin Huble) †`Lvb †h, M¨vjvw·¸‡jv G‡K 

Aci †_‡K ~̀‡i m‡i hv‡”Q A_©vr gnvwek¦ cÖmvwiZ n‡”Q| 

 

 

mvi-ms‡¶c :  

gnvwe‡k¦i R¨vwgwZK MVb : gnvwe‡k¦i R¨vwgwZK MVb eyS‡Z n‡j gnvwe‡k¦i NbZ¡ c¨vivwgUvi Ω (I‡gMv) m¤ú‡K© 

Rvbv cÖ‡qvRb| NbZ¡ c¨vivwgUvi, Ω n‡jv gnvwe‡k¦i Mo NbZ¡,  Ges msKU ev µvwš— NbZ¡, c  Gi AbycvZ|  

Db¥y³ gnvwek¦ : hw` gnvwe‡k¦i Mo NbZ¡, msKU Nb‡Z¡i †P‡q Kg nq (Ω < 1) Zvn‡j e¯‘mg~‡ni gnvKl©x©q 

AvKl©Y ej Gi cÖmviY‡K _vgv‡Z cvi‡e bv| Zvi d‡j Abš— Kvj a‡i gnvwek¦ cÖmvwiZ n‡Z _vK‡e, KLbI 

msKzwPZ n‡e bv| ZLb GwU‡K Db¥y³ gnvwek¦ ejv nq| 

e× gnvwek¦ : hw` gnvwe‡k¦i Mo NbZ¡ msKU NbZ¡ A‡c¶v †ewk nq (Ω > 1) Zvn‡j gnvKlx©q AvKl©Y ej 

gnvwe‡k¦i m¤úªmviY‡K civwRZ K‡i †dj‡e Ges gnvwek¦ msKzwPZ n‡q Avw` Ae¯’v wd‡i cv‡e| hw` gnvwek¦ 

Avevi †QvU n‡q Zvi Avw` we›`y‡Z wd‡i hvq, Z‡e G‡K ejv nq e× gnvwek¦| 
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cv‡VvËi g~j¨vqb: 11.2 

eûwbe©vPbx cÖkœ :  

mwVK DË‡ii cv‡k wUK () wP ý w`b 

1| Ave× gnvwe‡k¦i Rb¨ NbZ¡ c¨vivwgUvi  -Gi gvb †KvbwU? 

 (K)  = 0 (L)  > 1 (M)  < 1 (N)  = 1 

2| gnvwe‡k¦i A`„k¨ kw³i cwigvY hw` Lye †ewk nq, Zvn‡j †KvbwU msNwVZ nq? 

 (K) gnvwngvqb (L) weM wic (M) gnvms‡KvPb (N) AcwiewZ©Z _vK‡e 

 

cvV-11.3 : gnvwe‡k¦i g~j e ‘̄ I NUbv  

     Core Matter and Events of the Universe 
 

 D‡Ïk¨ 

GB cvV †k‡l AvcwbÑ 

 gnvwe‡k¦i g~j e¯‘ I NUbv eY©bv Ki‡Z cvi‡eb|  

 

11.3.1 gnvwe‡k¦i g~j e¯‘ I NUbv eY©bvi c~‡e© †gŠwjK KYv m¤^‡Ü aviYv _vKv `iKvi|  KviY mKj 

e¯‘B GB †gŠwjK KYvi wewfbœ mgš̂‡q MwVZ| GB †gŠwjK KYvi g‡a¨ i‡q‡Q KYv I cÖwZKYv| 

KYv (Particle) I cÖwZ KYv (Antiparticle) : cÖwZ KYv n‡jv Ggb KwYKv hvi fi Ges w¯úb Ab¨ 

GKwU KwYKvi mgvb, wKš‘ hvi PvR©, †ewiqb msL¨v, †jÞb msL¨v Ab¨ KwYKvwUi mggv‡bi A_P wecixZag©x| 

ejevnx KYv Qvov mKj KYviB cÖwZ KYv i‡q‡Q| Bs‡iR c`v_©we` cj wWivK MvwYwZKfv‡e cÖgvY K‡ib †h, 

B‡jKUª‡bi w¯úb  

1
2 | Gici wZwb B‡jKUª‡bi wecixZ KYv cwRUªb (Gw›UB‡jKUªb, e+

) Avwe®‹vi K‡ib Ges Gi 

Rb¨ cj wWivK 1932 mv‡j †bv‡ej cyi¯‹vi cvb|  

hLb KYv I cÖwZKYv wgwjZ nq ZLb Zviv m¤ú~Y© wejyß n‡q wb‡f©Rvj kw³‡Z iƒcvš—wiZ nq Ges wecyj cwigvY 

kw³i D™¢e N‡U| Z‡e mvaviY cigvYy‡Z KYv I cÖwZKYv KLbI GKmv‡_ _v‡K bv| KYv¸‡jv †hgb c`v_©  

(Matter)  MVb K‡i †Zgwb cÖwZKYv¸‡jv wg‡j cÖwZc`v_© (Anti Matter) ˆZwi K‡i| 

gnvwe‡k¦i mKj KYv‡K ỳfv‡M wef³ Kiv n‡q‡Q| h_vt (K) dvwg©Ib I (L) ‡evmb| G‡`i m¤ú‡K© wb‡P ms‡¶‡c 

Av‡jvPbv Kiv n‡jv: 

(K) dvwg©Ib (Fermion) : gnvwe‡k¦i mKj c`v_© GB KwYKv Øviv MwVZ| G‡`i w¯úb 

1
2 | Giv cvDwji (Pauli) 

eR©b bxwZ †g‡b P‡j A_©vr KLbB GKwU cigvYy‡Z `ywU  wfbœ KYvi mKj ˆewkó¨ GK n‡Z cv‡i bv| Aš—Z c‡¶ 

w¯ú‡bi w`K ‡_‡K n‡jI wecixZ n‡e| G‡`i cÖ‡Z¨‡Ki wfbœ wfbœ cÖwZKYv Av‡Q| dvwg©Ib KYv Avevi `yÕiK‡gi 

(1) †KvqvK© I (2) †jÞb| 

1| †KvqvK© (Quark) : †KvqvK© c`v_© MV‡bi 

Ab¨Zg †gŠwjK KwYKv| mKj e¯‘ †cÖvUb I 

wbDUªb Øviv MwVZ| Avi GB †cÖvUb I wbDUªb 

MwVZ n‡jv †KvqvK© w`‡q| `ywU Avc †KvqvK© I 

GKwU WvDb †KvqvK© wb‡q †cÖvUb Ges `ywU WvDb 

Ges GKwU Avc †KvqvK© wb‡q wbDUªb MwVZ| 
†KvqvK© g~jZ 6 wU|  G¸‡jv  n‡jv  Avc (u) I  

 
wPÎ 11.8 : †KvqvK© | 



GBPGmwm †cÖvMÖvg 

BDwbU 11  c„ôv-422 

WvDb (d), Pvg© (c) I †÷ªÄ (s) Ges Uc (t) I eUg (b)| G‡`i cÖ‡Z¨‡Ki Avevi wZbwU K‡i wfbœ wfbœ eY© 

(Colour) i‡q‡Q| GB eY© ev¯—‡ei is wb‡`©k K‡i bv eis KYv¸‡jvi wfbœ wfbœ †Kvqv›Uvg Ae¯’v wb‡`©k K‡i| 

†KvqvK©̧ ‡jvi Pv‡R©i cwigvY fMœvsk; †hgb,  

2
3  , 

-1
3   | Z‡e Zviv me mgq Ggbfv‡e _v‡K †hb bxU PvR© c~Y©msL¨v 

nq|  

†KvqvK© me mgq `je× Ae¯’vq _v‡K| †Kvqv‡K©i GK GKwU `j‡K e‡j n¨vWªb (Hadron)| wZbwU †KvqvK© wb‡q 

†h n¨vWªb MwVZ nq Zv‡`i†K ejv nq †ewiqb (Baryon)| †hgb- †cÖvUb, wbDUªb †ewiqb KYv| GKwU †KvqvK© I 

Zvi Gw›U‡KvqvK© wb‡q †h n¨vWªb nq Zv‡`i ejv nq †gmb (Meson) | †hgb;  †gmb, k †gmb BZ¨vw`|  

2| †jÞb (Leptons) : Qq cÖKvi †jÞb KwYKv i‡q‡Q| Zv‡`i g‡a¨ me‡P‡q D‡j­L‡hvM¨ n‡”Q B‡jKUªb| Avi 

evwK ỳ‡Uv wgDIb| GKwU wgD wgDIb () I AciwU UvD wgDIb ()| Avi GB wZbwUi mv‡_ †Rvovq i‡q‡Q 

B‡jKUªb wbDwUª‡bv ( ), wgD wbDwUª‡bv () Ges UvD wbDwUª‡bv ()| wbDwUª‡bv () n‡”Q Zwor PvR©nxb, `ye©j 

mwµq Ges ¶z`ª f‡ii †gŠwjK KwYKv| wgD wgDIb I UvD wgDIb h‡_ô fvix, Zv‡`i cÖK…wZ‡Z mPivPi cvIqv hvq 

bv| m„wó nIqvi mv‡_ mv‡_B †f‡½ A‡c¶vK…Z †QvU †jÞb ‰Zwi K‡i|  

(L) †evmb (Boson) : ‡gŠwjK ej¸‡jv KvR K‡i KYvi Av`vb-cÖ̀ v‡bi gva¨‡g| GB ejevnx KYv¸‡jvB n‡”Q 

†evmb| G‡`i w¯úb c~Y©msL¨v 0, 1 BZ¨vw`| †evmb KYv cvDwji eR©b bxwZ gv‡b bv| G‡`i Avjv`v cÖwZKYv †bB| 

Giv wb‡RivB wb‡R‡`i cÖwZKYv| ÷¨vÛvW© g‡Wj Abymv‡i †evmb KYv¸‡jv ỳÕai‡bi| (i) †MR †evmb (Gauge 
Boson)  I (ii) wnMm †evmb (Higgs Boson)| 

(i) †MR †evmb (Gauge Boson): G‡`i w¯úb n‡jv 1| GB KYv¸‡jv n‡jv- M­yIb (g), †dvUb () Ges W I Z 

†evmb| 

M­yIb : M­yIb KYv n‡jv mej wbDwK¬q ejevnx KYv| Gi wbðj fi k~b¨|  

 †dvUb : GB KYv ZvwoZ‡PŠ¤̂K ej enb K‡i| Gi wbðj fi k~b¨|  

W I Z †evmb : W+, W– 
Ges Z0

 GB wZbwU †evmb KYv ỳe©j wbDwK¬q e‡ji evnK| G KYv¸‡jvi fi Av‡Q| 

(ii) wnMm †evmb (Higgs Boson): wnMm †evmb Gi w¯úb 0, Z‡e Gi fi Av‡Q| wnMm †evmb eyS‡Z n‡j wnMm 

†¶Î m¤^‡Ü Rvb‡Z n‡e| wnMm †¶Î GKwU ZvwË¡K ej‡¶Î hv me©Î Qwo‡q Av‡Q| GB †¶‡Îi KvR n‡jv †gŠwjK 

KYv¸‡jv‡K fi cÖ̀ vb Kiv| hLb †Kv‡bv finxb KYv wnMm †¶‡Î cÖ‡ek K‡i ZLb Zv ax‡i ax‡i fi jvf K‡i| 

d‡j Zvi Pjvi MwZ axi n‡q hvq| wnMm †evm‡bi gva¨‡g fi KYv‡Z ¯’vbvš—wiZ nq| wnMm †¶Î fi m„wó K‡i bv, 

Zv †Kej fi ¯’vbvš—wiZ K‡i wnMm †evm‡bi gva¨‡g| GB wnMm †evmbB Ck¦i KYv (God’s Particle) bv‡g 

cwiwPZ| 

MÖ̈ vwfUb (Graviton): †Kvqv›Uvg ZË¡ g‡Z, MÖ̈ vwfUb bvgK GK ai‡bi †evmb KYvi Av`vb-cÖ̀ v‡bi gva¨‡g gnvKl© 

ej KvR K‡i| MÖ̈ vwfU‡bi cÖwZKYv †m wb‡RB Ges w¯úb 2| fik~b¨ Ges PvR© wbi‡c¶ GB KYv GLbI ÷¨vÛvW© 

g‡W‡j ¯’vb cvqwb|  

 

11.3.2 b¶‡Îi RxebPµ (Life Cycle of Star) 
ïi“‡Z b¶‡Î wQ‡jv Avš—tbv¶wÎK a~wjKYv I M¨v‡mi GK wekvj †gN wn‡m‡e| gnvKl© e‡ji cÖfv‡e a~wjKYv I 

M¨v‡mi GB wekvj †gN msKzwPZ nq| ms‡KvP‡bi mgq D”P Pvc I D”P ZvcgvÎvi m„wó nq| ZvcgvÎv e„w× †c‡q 

hLb K‡qK wgwjqb †Kjwfb nq, ZLb Zvc-wbDwK¬q ev wbDwK¬q wdDkb wewµqv msNwUZ nq, djkÖ“wZ‡Z wecyj 

cwigvY kw³ wbM©Z nq| d‡j c`v‡_©i †MvjKwU `xwß Qovq Ges b¶‡Îi Rb¥ nq| b¶‡Îi weeZ©‡b GwU n‡jv Avw` 

avc ev ce©| GB av‡c evgb b¶Î cvIqv hvq| †gvU b¶‡Îi kZKiv 90 fvM n‡jv GB evgb b¶Î (Dwarf star)|  

Avgv‡`i m~h© eZ©gv‡b GB av‡c Av‡Q|  
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b¶‡Îi †K›`ªxq g~je¯‘‡Z hZ¶Y ch©š— nvB‡Wªv‡Rb R¡vjvwb _v‡K, ZZ¶Y b¶‡Î Zvc wbDwK¬q wewµqv NU‡Z 

_v‡K| nvB‡Wªv‡Rb wbt‡kl n‡q †M‡j b¶‡Îi g~je¯‘ msKzwPZ n‡Z _v‡K wKš‘ ewnt¯’ Ask ZLbI cÖmvwiZ n‡Z 

_v‡K| d‡j b¶‡Îi e¨vmva© e„w× †c‡Z _v‡K Ges GKB mv‡_ c„‡ôi ZvcgvÎv n«vm †c‡Z _v‡K| b¶‡Îi weeZ©‡bi 

GB avc‡K ejv nq `vbe b¶Î (Giant Star) ev AwZ `vbe b¶Î (Super giant star)| Gme b¶‡Îi e¨vmva© m~‡h©i 

e¨vmv‡a©i 50% †_‡K 200 ¸Y ch©š— nq| GLb †_‡K 5 wewjqb (500 †KvwU) eQi c‡i Avgv‡`i m~h© GB av‡c 

†cuŠQv‡e|  

b¶Î evgb av‡ci †P‡q A‡bK Kg mgq `vbe av‡c _v‡K| cÖvq GK wgwjqb (`k j¶) eQi ci `vbe b¶Î kxZj 

n‡Z _v‡K, d‡j b¶ÎwU msKzwPZ n‡Z _v‡K| Gi c‡i GB b¶‡Îi Kx NU‡e Zv wbf©i K‡i Gi Avw` ev g~j f‡ii 

Dci|  

11.3.3 †k¦Z evgb b¶Î (White dwarf star) : ỳB †mŠi f‡ii †P‡q Kg f‡ii †Kv‡bv b¶Î hLb msKzwPZ n‡Z 

_v‡K, ZLb Gi kw³ gy³ n‡Z _v‡K| wKš‘ GwU Ggb GKwU av‡c ev Ae¯’vq †cuŠQvq †h GwU Gi ewnt¯’ Av¯—iY‡K 

Quy‡o †`q| d‡j nVvr K‡i  cÖPyi cwigvY kw³ wbM©Z nq hv b¶‡Îi J¾¡j¨ evwo‡q †`q| GB av‡c b¶ÎwU GZ 

D¾¡j nq †h, Lvwj †Pv‡LI †`Lv hvq| GwU GLb †bvfv b¶Î (Nova Star) Ges GKwU bZzb b¶Î| GB we‡ùvi‡Y 

hv Aewkó _v‡K Zv‡K ejv nq †k¦Z evgb b¶Î (White dwarf star)| wbDwK¬q wdDkb wewµqvq kw³ Drcv`‡bi 

Rb¨ †Kv‡bv nvB‡Wªv‡Rb ev wnwjqvg G‡Z _v‡K bv| Giv Lye DËß weavq mv`v Av‡jv wbtmiYKvix Ges AZ¨waK 

ms‡KvP‡bi d‡j G‡`i AvKvi LyeB †QvU nq| G‡`i NbZ¡ ZvB LyeB †ewk _v‡K| †h‡nZz †k¦Z evgb Zvivq kw³ 

Drcv`b cÖwµqv msNwUZ nq bv, ZvB GKwU †k¦Z evgb Zviv mg‡qi mv‡_ mv‡_ †Kej kxZjB n‡Z _vK‡e, Av‡jv 

Av‡¯— Av‡¯— w¯—wgZ n‡Z n‡Z ÔKv‡jv evgbÕ Zvivq Zvi †kl cwiYwZ NU‡e| ‡k¦Z evgb b¶‡Îi Rb¨ f‡ii mxgv 

n‡jv 1.4 †mŠi fi| 1935 mv‡j fviZxq weÁvbx myeªvgwbqvg P›`ª‡kLi gvÎ 19 eQi eq‡m ZvwË¡Kfv‡e †`Lvb †h, 

†Kv‡bv b¶‡Îi fi hw` 1.4 †mŠif‡ii †P‡q †ewk nq, ZLb GwU †k¦Zevgb b¶Î wn‡m‡e ¯’vqxZ¡ jvf Ki‡Z cvi‡e 

bv| b¶‡Îi GB fi‡K P›`ª‡kLi mxgv e‡j| b¶‡Îi fi P›`ª‡kLi mxgvi †P‡q †ewk n‡j, GwU wbDUªb ÷vi ev K…ò 

Mne‡i iƒcvš—wiZ n‡e| 

 

11.3.4 wbDUªb ÷vi (Neutron Star)  
GKwU b¶‡Îi fi hw` P›`ª‡kLi mxgv 

A‡c¶v †ewk nq A_©vr 1.4 †_‡K wZb †mŠi 

f‡ii g‡a¨ b¶‡Îi fi n‡j ms‡KvP‡bi 

mgq GwU Ggb GKwU av‡c †cuŠQvq †h, GwU 

Gi ewnt¯’ Av¯—iY Quy‡o w`‡q AZ¨š— 

D¾¡j n‡q hvq| G‡K ejv nq mycvi‡bvfv 

(Super Nova)| b¶ÎwU hLb mycvi‡bvfv 

wn‡m‡e we‡ùvwiZ nq, ZLb Gi g~je¯‘i 

Pvc GZ  
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†ewk nq †h, †cÖvUb I B‡jKUªb GKwÎZ n‡q wbDUªb MVb  K‡i|  ZvB  G‡K  ejv nq wbDUªb ÷vi| AwZ D”P 

†PŠ¤K̂‡¶‡Îi Kvi‡Y wbDUªb ÷vi wbw`©ó mgq Aš—i Aš—i †eZvi ¯ú›`b (Radio pulse) wbM©gb K‡i e‡j  G‡K cvjmvi 

e‡j| b¶‡Îi fi 1.4  †_‡K 3 †mŠif‡ii g‡a¨ _vK‡jB †Kej GwU wbDUªb b¶‡Î cwiYZ n‡Z cv‡i| b¶‡Îi fi 

3.2  †mŠif‡ii †P‡q †ewk n‡j ZLb GwU K…òMnei ev †KvqvK© b¶‡Î cwiYZ n‡e| 

 

11.3.5 K…òweei (Black hole)  
wZb †mŠi f‡ii mgvb ev †ewk f‡ii b¶‡Îi mycvi †bvfv we‡ùvi‡Yi ci Gi Aš—e©̄ ‘ Awbw`©ófv‡e msKzwPZ n‡Z 

_v‡K| ms‡KvP‡bi Kvi‡Y AvqZb cÖvq k~b¨ Ges NbZ¡ cÖvq Amxg nIqvq gnvKl© †¶Î Ggb  cÖej nq †h, G 

RvZxq e¯‘ †_‡K Gi gnvKl©‡K KvwU‡q †Kv‡bv cÖKvi Av‡jv ev ms‡KZI †ewi‡q Avm‡Z cv‡i bv| ZvB e¯‘wU‡K Avi 

†`Lv hvq bv| b¶‡Îi GB Ae¯’v‡K ejv nq K…òweei (Black hole)| ev¯—‡e g-Gi gvb GZ †ewk nq †h, GgbwU 

we‡ùvi‡Yi ci Aewkó †K› ª̀xq Ask 
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†dvUb KYvI Gi c„ô †_‡K gy³ n‡Z ev †ewi‡q Avm‡Z cv‡i bv| 1969 mv‡j Rb ûBjvi bvgK R‰bK gvwK©b 

weÁvbx K…òweei Avwe®‹vi K‡ib| 

  

11.3.6 †mvqvR©̄ ‹vBì e¨vmva©  

M f‡ii †Kv‡bv e¯‘ ZLbB K…òweei wn‡m‡e KvR Ki‡e hLb Gi e¨vmva© GKwU wbw`©ó msKU e¨vmv‡a©i mgvb ev Kg 

n‡e| gyw³ †eM v Gi mgxKi‡Y  v Gi cwie‡Z© c emv‡j Avgiv GB msKU e¨vmva© †c‡Z cvwi| GB msKU e¨vmva© 

†ei Kivi Rb¨ 1926 mv‡j Kvj© †mvqvR©̄ ‹vBì (Karl Schwarzchild) AvBb÷vB‡bi mvwe©K Av‡cw¶K ZË¡ e¨envi 

K‡ib| d‡j mgxKiYwU `uvovq, 

c =  
2GM

RS
         [  gyw³‡eM, v = 

2GM
R  ] 

 
GLv‡b c Av‡jvi `ª“wZ, RS msKU e¨vmva©| msKU e¨vmva© RS ‡K †mvqvR©̄ ‹vBì e¨vmva© e‡j| RS Gi Rb¨ mgvavb 

K‡i cvB, 

                     RS = 
2GM

c2   

M fiwewkó AN~Y©bkxj †Kvb †MvjKxq e¯‘i e¨vmva© hw` RS nq Zvn‡j †Kv‡bv wKQzB (Av‡jvI) GB e¯‘c„ô n‡Z gy³ 

n‡Z cvi‡e bv Ges e¯‘wU K…òweei wn‡m‡e KvR Ki‡e| cÖ‡Z¨K K„ò wee‡ii GKwU NUbv w`Mš— (Event horizon) 

_v‡K| NUbv w`Mš— n‡jv K…ò wee‡ii Pvicv‡ki †h AÂj †_‡K †Kv‡bv cÖKvi wewKiY ev ms‡KZ †ewi‡q Avm‡Z 

cv‡i bv Zvi mxgvbv| A_©vr  

K…ò weei‡K wN‡i RS e¨vmv‡a©i †Mvj‡Ki c„ô‡K ejv nq NUbv w`Mš—| myZivs K…ò wee‡ii †K›`ª †_‡K NUbv 

w`Mš— ch©š— ~̀iZ¡‡K †mvqvR©̄ ‹vBì e¨vmva© ejv nq| 

 GKwU wbw`©ó f‡ii †MvjKvK…wZ e¯‘ †h e¨vmva© cÖvß n‡j K…òweei wn‡m‡e KvRK‡i, Zv‡K †mvqvR¯‹vBjW e¨vmva© 

e‡j| 

11.3.7 †Kvqvmvi (Quasar)  
gnvwe‡k¦ G hver Kv‡ji Avwe¯‹…Z me‡P‡q we®§qKi e¯‘ m¤¢eZ 

†Kvqmvi| †Kvqvmvi n‡jv gnvwe‡k¦i me‡P‡q D¾¡j e¯‘| GKwU 

†Kvqmv‡ii †gvU kw³i cwigvY GKwU m¤ú~Y© M¨vjvw·i kw³i †P‡q 

cÖvq 100 ¸Y †ewk| A_P GKwU †Kvqvmv‡ii e¨vwß Avgv‡`i 

†mŠiRM‡Zi cÖvq wØ¸‡Yi g‡Zv| weÁvbx‡`i A‡b‡KB g‡b K‡ib 

†Kvqvmvi n‡jv M¨vjvw·i †K‡›`ª Aew¯’Z N~Y©vqgvb e­¨vK †nvj hv 

µgvMZ mwbœKUeZ©x b¶Îmg~n‡K MÖvm K‡i Pj‡Q| myZivs 

†Kvqvmv‡ii kw³i Drm e­¨vK †nvj KZ©„K b¶Î MjatKiY n‡Z 

cv‡i| †Kvqvmvi GLbI gnvwe‡k¦i AwZ inm¨gq GK e¯‘| Z‡e 

†Kvqvmv‡ii †h ˆewkó¨¸‡jv GLb ch©š— Rvbv m¤¢e n‡q‡Q Zv‡`i 

g‡a¨ D‡j­L‡hvM¨ n‡jv: †Kvqvmvi †`L‡Z b¶‡Îi g‡Zv, Zv‡`i is 

bxjvf, KZK¸‡jv †Kvqvmvi Zxeª †eZvi wewKi‡Yi Drm, 

†Kvqvmv‡ii †jvwnZ miY LyeB †ewk cÖf…wZ| 

 

 

mvi-ms‡¶c :  

dvwg©Ib : gnvwe‡k¦i mKj c`v_© GB KwYKv Øviv MwVZ| G‡`i w¯úb 

1
2 | Giv cvDwji (Pauli) eR©b bxwZ †g‡b 

P‡j| 

wPÎ 11.10 
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†evmb : †gŠwjK ej¸‡jv KvR K‡i KYvi Av`vb-cÖ̀ v‡bi gva¨‡g| GB ejevnx KYv¸‡jvB n‡”Q †evmb| G‡`i 

w¯úb c~Y©msL¨v 0, 1 BZ¨vw`| 

MÖ̈ vwfUb : †Kvqv›Uvg ZË¡ g‡Z, MÖ̈ vwfUb bvgK GK ai‡bi †evmb KYvi Av`vb-cÖ̀ v‡bi gva¨‡g gnvKl© ej KvR 

K‡i| MÖ̈ vwfU‡bi cÖwZKYv †m wb‡RB Ges w¯úb 2| 
 

 

 

cv‡VvËi g~j¨vqb: 11.3 

eûwbe©vPbx cÖkœ :  

mwVK DË‡ii cv‡k wUK () wP ý w`b 

1| Ck¦i KYv bv‡g cwiwPZÑ 

 (K) wnMm&-‡gmb (L) wnMm&- †evmb (M) †jcUb KYv  (N) †KvqvK© KYv 

2| †h mKj wewbgq KYv gnvKlx©q wg_w®Œqvi ga¨¯’ZvKvix †m¸‡jv njÑ 

 (K) MÖvwfUb (L) †dvUb (M) †nWªb (N) M­yIb 

  

 

cvV-11.4 : gnvKvk ch©‡e¶‡Y e¨eüZ AvaywbK hš¿cvwZ 

 Modern Instruments Used for Observation of the Universe 
 

 D‡Ïk¨ 

G cvV †k‡l Avcwb- 

 ‡iwWI ‡Uwj‡¯‹v‡ci bxwZ e¨vL¨v Ki‡Z cvi‡eb| 

 K…wÎg DcMÖn e¨vL¨v Ki‡Z cvi‡eb| 

 Mvgv-‡i I G·-‡i †Uwj‡¯‹vc e¨vL¨v Ki‡Z cvi‡eb| 

 

11.4.1 †iwWI †Uwj‡¯‹vc 

Radio Telescope 
†h h‡š¿i mvnv‡h¨ ZviKv, M¨vjvw·, †Kvqvmvi Ges Ab¨vb¨ b‡fvgÛjxq e¯‘ †_‡K cÖvK…wZKfv‡e wbM©Z 

ZvwoZ‡PŠ¤K̂ Zi½ (†iwWI Zi½) mbv³ I cwigvc K‡i H me e¯‘ m¤ú‡K© AbymÜvb Pvjv‡bv nq Zv‡K 

†iwWI †Uwj‡¯‹vc e‡j| 

Avgv‡`i gnvwe‡k¦ b¶Î, M¨vjvw·mg~n c„w_ex 

‡_‡K A‡bK A‡bK `~‡i Aew¯’Z| Hme b¶Î 

ev M¨vjvw·¸‡jv m¤ú‡K© Avgiv DcvË msMÖn 

Ki‡Z PvB| wKš‘ me b¶Î ev M¨vjvw· 

Av‡jvKxq `~iex¶Y hš¿ w`‡q ch©‡e¶Y Kiv hvq 

bv| wKš‘ Gme gnvRvMwZK e¯‘ †_‡K wbM©Z 

ZvwoZ‡PŠ¤K̂ Zi½ we‡k­lY K‡i Avgiv b¶Î, 

†mŠiRMZ ev gnvwek¦ m¤ú‡K© A‡bK wKQz Rvb‡Z 

cvwi|  
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†eZvi `~iex¶Y hš¿ †eZvi †R¨vwZwe©Áv‡b e¨eüZ GK ai‡Yi w`Kwbf©i †eZvi A¨v‡›Ubv, hv GKB m‡½ K…wÎg 

DcMÖn I gnvk~b¨ mÜvbx hvb †_‡KI DcvË msMÖn Ki‡Z cv‡i|  

g~jbxwZ: †iwWI †Uwj‡¯‹vc †h g~jbxwZ‡Z KvR K‡i, Zvn‡jv gnvKv‡ki wewfbœ †R¨vwZ®‹ †_‡K Zvcxq wbtmiY 

cÖwµqvq Drcbœ †iwWI Zi½ MÖnY I weea©b K‡i Zv we‡k­lY Kiv| G h‡š¿i †gŠwjK Kvh©bxwZ `„k¨gvb Zi½‰`‡N©̈  

e¨eüZ cÖwZdjK `~iex¶Y h‡š¿i Abyiƒc| AvcwZZ Zi½ Zv †eZvi ev `„k¨gvb  hv-B †nvK bv †Kb, GKwU wbLyuZ 

`c©‡Y evavMȪ ’ n‡q GKwU mvaviY Awfmvix we›`y‡Z wgwjZ nq|  

 

G‡¶‡Î cÖwZdjK c„ôZj AvcwZZ Zi‡½i Zi½‰`‡N©̈ i ˆewkó¨¸‡jv †ek ¸i“Z¡c~Y©| cÖwZdjK c„ôZ‡ji AvK…wZ 

Ggb n‡Z n‡e †hb †eZvi Zi½¸‡jv cÖwZdj‡bi ci Awfmvix we›`y‡Z GKB `kvq wgwjZ n‡Z cv‡i| GRb¨ 

cÖwZdjb we› ỳ †_‡K Awfmvix we›`y ch©š— c‡_i ˆ`N©̈  c„ôZ‡ji wewfbœ we›`y‡Z GKB n‡Z n‡e| cÖwZdjb c„ôZjwU 

cive„Ë AvK…wZi K‡i GB kZ© c~iY Kiv nq| GRb¨ AvaywbK †eZvi `~iex¶Y hš¿̧ ‡jvi cÖwZdjb c„ôZj Z_v 

wW‡ki AvK…wZ cive„Ëxq n‡q _v‡K| 

 

MVb: †iwWI †Uwj‡¯‹vc gnvk~b¨ n‡Z AvMZ †iwWI Zi½mg~n‡K mbv³ Ki‡Z cv‡i| †iwWI †Uwj‡¯‹vc mvaviY 

AcwUK¨vj †Uwj‡¯‹vc n‡Z A‡bK eo AvKv‡ii n‡q _v‡K| KviY n‡jv, †iwWI Zi‡½i Zi½‰`N©̈  `„k¨gvb Av‡jvi 

Zi½‰`‡N©̈ i Zzjbvq eo| †iwWI †Uwj‡¯‹v‡ci g‡a¨ wZbwU cÖavb Ask _v‡K| G¸‡jv n‡jv- 

(1) ‡iwWI cÖwZdjK wWk- Gi KvR n‡”Q AvcwZZ wewKiY msMÖn K‡i GKwU we›`y Awfmvix Kiv| 

(2) †iwWI ev †eZvi G‡›Ubv- GwU †dvKvm we›`y‡Z ’̄vcb Kiv nq Ges cÖwZdwjZ Zi½mg~n‡K aviY K‡i| 

(3) †iKW©vi ev Z_¨ cÖ̀ k©bx hš¿- Gi KvR n‡jv weewa©Z DcvË‡K weÁvbx‡`i ‡evaMg¨ fvlvq cÖ̀ k©b Kiv| 

 

‡iwWI `~iex¶Y hš¿ f~wg‡Z I K…wÎg DcMÖ‡n ¯’vcb Kiv hvq| f~wg‡Z ¯’vwcZ G h‡š¿i mvnv‡h¨ gnvRvMwZK Drm 

†_‡K AvMZ 1 mm ‡_‡K 10 m Zi½‰`‡N©̈ i ‡iwWI Zi½ mbv³ Kiv hvq| †eZvi hš¿̧ ‡jv RbemwZ †_‡K `~‡i 

¯’vcb Kiv nq hv‡Z †eZvi hš¿, †Uwjwfkb, ivWvi BZ¨vw` ZvwoZ‡PŠ¤K̂ e¨wZPv‡ii cÖfve †_‡K gy³ ivLv hvq| 

†mRb¨ G‡K mvaviYZ we¯—xY© mgZj DcZ¨Kvq ¯’vcb Kiv nq| 

 

11.4.2 K…wÎg DcMÖn 

Artificial Satellite  
K…wÎg DcMÖn n‡jv GK ai‡Yi gnvk~b¨hvb hv wbw`©ó K¶c_ †_‡K c„w_ex, P›`ª, m~h©, ev Ab¨ †Kv‡bv MÖ‡ni Pviw`‡K 

AveZ©b K‡i| 1957 mv‡ji 4 A‡±vei mv‡eK †mvwf‡qZ BDwbq‡bi weÁvbxiv  ¯úyUwbK-1 bv‡g gnvKv‡k cÖ_g 

K…wÎg DcMÖn †cÖiY K‡ib| eZ©gv‡b K…wÎg DcMÖ‡ni e¨vcK Dbœqb mvwaZ n‡q‡Q Ges gnvKv‡k wecyj msL¨K K…wÎg 

DcMÖn wewfbœ ai‡Yi Kv‡R wb‡qvwRZ Av‡Q| 

 

K…wÎg DcMÖn wewfbœ Kv‡R e¨envi Kiv nq| †hvMv‡hvM (†Uwj‡dvb, †iwWI I wUwf m¤úªPvi), cwi‡ekMZ M‡elYv, 

AvenvIqvi c~e©vfvm cÖ̀ vb, mvgwiK †Mv‡q›`vwMwi I gnvKvk M‡elYv BZ¨vw` wewfbœ Kv‡R K…wÎg DcMÖn e¨envi Kiv 

nq| Avgiv G Aby‡”Q‡` gnvKvk M‡elYv Z_v †R¨vwZweÁvb m¤úwK©Z M‡elYvi Kv‡R K…wÎg DcMÖ‡ni e¨envi wb‡q 

Av‡jvPbv Kie| 

 

g~jbxwZ: Avgiv Rvwb, GKwU K…wÎg DcMÖn wbw`©ó K¶c‡_ c„w_ex‡K cÖ̀ w¶Y K‡i| GRb¨ K…wÎg DcMÖ‡ni Dci 

wµqvkxj †K›`ªgyLx e‡ji cÖ‡qvRb| K…wÎg DcMÖ‡ni Dci c„w_exi AwfKl© ej, cÖ‡qvRbxq †K›`ªgyLx ej mieivn 

K‡i| K…wÎg DcMÖn‡K i‡K‡Ui mvnv‡h¨ Gi wbw`©ó K¶c‡_ ¯’vcb Kiv nq| K…wÎg DcMÖn‡K wbw`©ó D”PZvq Zz‡j f~-

c„‡ôi mgvš—iv‡j wbw`©ó ‡eM †`qv nq| ZLb K…wÎg DcMÖnwU c„w_exi AvKl©‡Yi cÖfv‡e wbw`©ó K¶c‡_ AweiZ 

Nyi‡Z _v‡K| K…wÎg DcMÖ‡ni fi, m Ges c„w_exi fi, M n‡j, K…wÎg DcMÖ‡ni †eM, v n‡e- 

      

r
GMv   GLv‡b, r=R+h 
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GLv‡b r n‡jv c„w_exi †K›`ª †_‡K K…wÎg DcMÖ‡ni `~iZ¡| G mgxKiY †_‡K †`Lv hvq †h, K…wÎg DcMÖ‡ni †eM Gi 

f‡ii Dci wbf©ikxj bq| 

 Avevi K…wÎg DcMÖ‡ni D”PZv h n‡j, 

    RGMTh 









3
1

2

2

4
 

GLv‡b T n‡jv K…wÎg DcMÖ‡ni AveZ©bKvj|   

 

wPÎ : 11.12 

gnvKvk ch©‡e¶‡Y K…wÎg DcMÖn: gnvKv‡ki gnvRvMwZK e¯‘  (Celestial bodies) m¤ú‡K© M‡elYvi Rb¨ we‡kl 

ai‡Yi K…wÎg DcMÖn ‰Zwi Kiv nq| gnvKv‡k msNwUZ wewfbœ NUbvi evnK (Carrier) wn‡m‡e KvR K‡i wewfbœ 

ai‡Yi ZvwoZ‡PŠ¤K̂ wewKiY| †hgb -‡eZvi Zi½, Ae‡jvwnZ Zi½, „̀k¨gvb Av‡jv, AwZ‡e¸bx iwk¥, G· iwk¥, 

Mvgv iwk¥ BZ¨vw` H mKj e¯‘ †_‡K ev NUbvq wbtm„Z nq| c„w_exi evqygÛ‡ji M¨vm, a~wjKYv, Av`ª©Zv gnvKv‡ki 

e¯‘ ch©‡e¶‡Y evav wn‡m‡e KvR K‡i| wbtm„Z wewKi‡Yi cÖavb Ask 18 gvBj cyi“ evqy ¯—i Øviv ‡kvwlZ ev 

cÖwZdwjZ nq| d‡j c„w_ex ïay `„k¨gvb wewKiY I †iwWI Zi‡½i mvgvb¨ cwigvY MÖnY K‡i| Gme Kvi‡Y K…wÎg 

DcMÖ‡ni mvnv‡h¨ gnvKvk ch©‡e¶‡Yi e¨e¯’v Kiv nq| K…wÎg DcMÖ‡ni mvnv‡h¨ c„w_exi evqygÛ‡ji Dc‡i wM‡q 

we‡kl ai‡bi †Uwj‡¯‹vc ¯’vcb K‡i gnvRvMwZK e¯‘ ch©‡e¶Y I AbymÜvb Kiv nq| nvej †Uwj‡¯‹vc, G·-‡i 

†Uwj‡¯‹vc, Mvgv-‡i †Uwj‡¯‹vc G ai‡bi †Uwj‡¯‹vc| 1990 mv‡ji GwcÖj gv‡m Av‡gwiKvi NASA Gi weÁvbxiv 

evqygÛ‡ji 600 wK‡jvwgUvi D”PZvq K…wÎg DcMÖ‡n GB †Uwj‡¯‹vc ¯’vcb K‡ib| †R¨vwZc`v_©weÁvbx GWDBb 

nve‡ji cÖwZ m¤§vb cÖ̀ k©‡bi Rb¨ GwUi bvgKiY Kiv nq nvej †¯úm †Uwj‡¯‹vc (HST) [wPÎ 11.12  ] GB 

we‡klvwqZ †Uwj‡¯‹vc gnvKv‡ki wewfbœ b¶Î, M¨vjvw· BZ¨vw`i ¯úó wPÎ c„w_ex‡Z †cÖiY Ki‡Q, hv ch©v‡jvPbv 

K‡i gnvwek¦ m¤ú‡K© A‡bK bZzb bZzb Z_¨ cvIqv hv‡”Q| nvej †Uwj‡¯‹vc †cÖwiZ Z_¨ we‡k­lY K‡i gnvwek¦ †h 

m¤úªmviYkxj, Zv cÖgvwYZ n‡q‡Q| 

 

11.4.3 Mvgv †i †Uwj‡¯‹vc 

Gamma Ray Telescope 
ZvwoZ‡PŠ¤K̂ eY©vjxi g‡a¨ Mvgv-‡i n‡jv me‡P‡q ¶z`ª Zi½ˆ`‰N©̈ i A_©vr me‡P‡q †ewk K¤úv¼wewkó| Mvgv iwk¥i 

Zi½‰`‡N¨©i cwimi m10 15
 ‡_‡K m10 11

 ch©š— we¯—…Z| me‡P‡q kw³kvjx †dvUb Øviv Mvgv iwk¥ MwVZ| d‡j 

Gi †f`b ¶gZv AZ¨š— †ewk| 

 

Mvgv iwk¥ wewfbœ Drm †_‡K wbtm„Z nq: †hgb-  

(K) cigvYyi wbDwK¬qvm D”P kw³ ¯—i †_‡K wb¤œ kw³ ¯—‡i ’̄vbvš—‡ii d‡j, 

(L) ‡ZRw¯Œq cigvYyi fv½‡bi mgq G iwk¥ Drcbœ n‡Z cv‡i,  
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(M) gnvRvMwZK DËß e¯‘mg~‡n wewfbœ wewµqvi Kvi‡Y Mvgv iwk¥ Drcbœ nq| †hgb- mycvi‡bvfv we‡ùviY, wbDUªb 

b¶Î, cvjmvi, K…òweei †_‡K Mvgv iwk¥ wbtm„Z nq| 

 

gnvRvMwZK Mvgviwk¥i Drm¸‡jv †R¨vwZwe©Ávbx‡`i AvMÖ‡ni I M‡elYvi welqe¯‘| gnvKv‡k msNwUZ wewfbœ wns¯ª 

NUbvq (Violent Events) Mvgv iwk¥ Drcbœ nq| gnvwe‡k¦i wewfbœ b¶Î, M¨vjvw·mg~n n‡Z AvMZ Mvgviwk¥ 

we‡k­lY K‡i wbw`©ó †gŠwjK c`v‡_©i Dcw¯’wZ I msNwUZ wbDwK¬q NUbv¸‡jvi Aw¯—Z¡ wbY©q Kiv hvq| 

 

wPÎ 11.13 

g~jbxwZ: Mvgv-‡i ‡Uwj‡¯‹vc mvaviY †Uwj‡¯‹v‡ci g‡Zv bq| GLv‡b cÖwZdjK wn‡m‡e `c©Y e¨envi Kiv nq bv| 

KviY Mvgv iwk¥ mvaviY Av‡jvi ‡P‡q `k wgwjqb ¸Y kw³kvjx Ges G·-‡ii †P‡q nvRvi ¸Y kw³kvjx| Mvgv 

iwk¥i  †f`b¶gZv A‡bK †ewk nIqvq `c©‡Yi †fZi w`‡q P‡j hvq Ges †kvlY ev cÖwZdjb N‡U bv| G Kvi‡Y 

Mvgv iwk¥ mbv³ Kivi Rb¨ we‡kl ai‡Yi wW‡UKUi e¨envi Kiv nq| G‡K wmw›U‡jkb wW‡UKUi (Scintillation 
detector) ev `z¨wZgq mbv³Kvix hš¿ ejv nq| wW‡UKU‡ii g‡a¨ Nb mwbœweó ùwUK Gi e­K _v‡K| Mvgv iwk¥ H 

wW‡UKU‡ii ga¨ w`‡q hvevi mgq Zv‡`i kw³i wKQzUv Ask `z¨wZgq c`v‡_©i KYv¸‡jv‡Z ¯’vbvš—i K‡i| Gi d‡j 

AwaK kw³i AvwnZ KYv m„wó nq hv wmw›U‡jUi Gi †Kjv‡mi g‡a¨ wg_w¯Œqvi gva¨‡g wb¤œ kw³i †dvUb ˆZwi K‡i| 

GB wb¤œ kw³i †dvUb mbv³Kvix hš¿ Øviv msMÖn K‡i AvcwZZ Mvgv iwk¥i ZxeªZv wbY©q Kiv hvq Ges G¸‡jv 

cÖwZwe¤ ̂ˆZwi K‡i| 

 

11.4.4 G·-‡i †Uwj‡¯‹vc 

X-ray Telscope 
gnvwe‡k¦i wewfbœ G·-‡i Drm¸‡jv `xN©w`b a‡i †R¨vwZwe©̀ ‡`i AvMÖn I AvKl©‡Yi welqe¯‘ wn‡m‡e KvR Ki‡Q| 

gnvKv‡k msNwUZ wewfbœ aŸsmvZ¡K (Violent) NUbv, †hgb- b¶‡Îi we‡ùviY †_‡K G·-‡i wbM©Z nq| G· iwk¥i 

Zi½‰`N©̈  AZ¨š— ¶z`ª e‡j mvaviY `c©Y¸‡jv G·-‡i Zi½‰`N©̈  KvR K‡i bv| mvaviY `c©‡Y G iwk¥ AvcwZZ n‡j 

cÖwZdj‡bi cwie‡Z© G‡`i †fZi w`‡q †f` K‡i P‡j hvq| G·-‡i †Uwj‡¯‹vc Gme iwk¥ ch©‡e¶Y Ges we‡k­lY 

K‡i gnvRvMwZK NUbv m¤ú‡K© aviYv cÖ̀ vb K‡i| c„w_exi evqygÛj KZ©„K †ewkifvM G·-iwk¥ †kvwlZ nq| ZvB 

G·-‡i †Uwj‡¯‹vc K…wÎg DcMÖn, i‡KU ev †ejy‡b ¯’vcb Kiv nq| 

 

wPÎ 11.14 
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g~jbxwZ: G·-‡i †Uwd‡¯‹v‡c avZe wbwg©Z `c©Y e¨envi Kiv nq| gnvRvMwZK Drm †_‡K AvMZ G·-‡i hv‡Z 

†Uwj‡¯‹v‡ci `c©‡Y †kvwlZ bv nq, GRb¨ `c©‡Yi c„ô¸‡jv‡K ¯̂Y© ev BwiwWqv‡gi cvZjv ¯—i w`‡q cÖ‡jc †`qv nq|  

G·-iwk¥‡K `c©Y Z‡j AwZ ¶z`ª †Kv‡Y AvcwZZ I cÖwZdjb Kiv nq| †h we‡kl cÖhyw³ ev †KŠk‡ji gva¨‡g GwU 

Kiv nq Zv‡K ejv nq ‡MÖwRs AvcZb (Grazing Incidence) ev ÔAvj‡Zv K‡i Qz‡o †`IqvÕ †KŠkj| GB †Uwj‡¯‹v‡c 

`c©Y¸‡jv‡K Ggbfv‡e ewm‡q wbLyuZfv‡e AvK…wZ †`qv nq Ges Zv‡`i c„ô ev Zj¸‡jv‡K Ggbfv‡e emv‡bv nq †hb 

AvcwZZ G·-iwk¥i mv‡c‡¶ G¸‡jv cÖvq mgvš—ivj nq| 

cÖwZdwjZ G·-iwk¥ †dvUb wW‡UKU‡i msMÖn Kiv nq| wW‡UKUi †kvwlZ †dvU‡bi kw³, mgq I w`K †iKW© K‡i| 

cÖvß DcvË we‡k­lY K‡i gnvRvMwZK cwi‡e‡ki MVb Ges Ae¯’v m¤ú‡K© ¯úó aviYv cvIqv hvq| 1999 mv‡j 

¯’vwcZ P›`ª (Chandra) bvgK GKwU G·-‡i †Uwj‡¯‹vc c„w_ex‡K cÖ̀ w¶Y Ki‡Q Ges Qvqcv‡_i wewfbœ b¶Î, wbDUªb 

ZviKv, K…ò wee‡ii Qwe †cÖi‡Yi gva¨‡g bZzb bZzb Z_¨ mieivn K‡i‡Q|  

 

 

mvi-ms‡¶c :  

†iwWI †Uwj‡¯‹vc : †h h‡š¿i mvnv‡h¨ ZviKv, M¨vjvw·, †Kvqvmvi Ges Ab¨vb¨ b‡fvgÛjxq e¯‘ †_‡K 

cÖvK…wZKfv‡e wbM©Z ZvwoZ‡PŠ¤K̂ Zi½ (†iwWI Zi½) mbv³ I cwigvc K‡i H me e¯‘ m¤ú‡K© AbymÜvb 

Pvjv‡bv nq Zv‡K †iwWI †Uwj‡¯‹vc e‡j| 

K…wÎg DcMÖn : K…wÎg DcMÖn n‡jv GK ai‡Yi gnvk~b¨hvb hv wbw`©ó K¶c_ †_‡K c„w_ex, P›`ª, m~h©, ev Ab¨ 

†Kv‡bv MÖ‡ni Pviw`‡K AveZ©b K‡i| 

 

 

 

cv‡VvËi g~j¨vqb: 11.4 

eûwbe©vPbx cÖkœ :  

mwVK DË‡ii cv‡k wUK () wP ý w`b 

 

1|  nve‡ji †Uwj‡¯‹vc GKwU Ñ 

 (K) AcwUK¨vj †Uwj‡¯‹vc (L) †iwWI †Uwj‡¯‹vc 

 (M) G·-‡i †Uwj‡¯‹vc (N) Mvgv-‡i †Uwj‡¯‹vc 

2|  †iwWI †Uwj‡¯‹vc †h Zi½ mbv³ I cwigvc K‡iÑ 

 (K) „̀k¨gvb Av‡jvK Zi½ (L) †eZvi Zi½ 

 (M) Mvgv iwk¥ (N) G· iwk¥ 

 

 

P~ovš— g~j¨vqb 

 

1| m~h© wK ai‡bi b¶Î? 

 (K) evgb b¶Î (L)  †k¦Z evgb b¶Î (M) `vbe b¶Î (N) AwZ `vbe b¶Î 

2|   †cÖvwUb I wbDUªb wK Øviv MwVZ? 

 (K) KK© (L) WvDb (M) †KvqvK© (N) Avc 

3| †Kvqvmvi †_‡K Kx wbM©Z nq? 

 (K) Mvgv iwk¥ (L) G·‡i (M) AwZ †e¸bx iwk¥ (N) †eZvi Zi½ 

4| gnvwe‡k¦i P~ovš— cwiYwZ cÖavbZ wbf©i K‡iÑ 

 (i) gnvwe‡k¦i R¨vwgwZK AvK…wZ  (ii) A`„k¨ kw³ 

 (iii) A`„k¨ e¯‘ 
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wb‡Pi †KvbwU mwVK 

 (K) i, ii I iii   (L) i I ii (M) i I iii (N) ii I iii 
5| b¶‡Îi R¡vjvbx cy‡o †kl n‡j Aewkó wn‡m‡e _vK‡Z cv‡i- 

 (i) †k¦Zevgb  (ii) wbDUªb ÷vi  (iii) K…òMnŸi   

wb‡Pi †KvbwU mZ¨? 

 (K) i (L) i I ii (M) ii I iii (N) i,  ii I  iii  
6|  †jcUb KYvi w¯úbÑ  

 (K) 1 (L) 

3
2 (M) 

1
2 (N) 0 

7| `ye©j wbDK¬xq ej m„wó& nqÑ  

 (K) weUv ¶‡qi Rb¨ (L) †cÖvUb ¶‡qi Rb¨ (M) Mvgv ¶‡qi Rb¨ (N) wbDUªb ¶‡qi Rb¨ 

8| nvej Gi m~Î Abymv‡i Qvqvc_¸‡jvi AcmiY †eM `~i‡Z¡iÑ  

 (K) e¨¯—vbycvwZK (L) e‡M©i e¨¯—vbycvwZK (M) mgvbycvwZK (N) e‡M©i mgvbycvwZK 

 
(N)  m„Rbkxj cÖkœ 

1|   †R¨wZwe©Ávbx †jgvBUv‡ii g‡Z Ôgnvwek¦ m„wói ïi“‡Z we‡k¦i e¯‘ Ges kw³ DfqB GKwU wekvj f‡i 

†K›`ªxf~Z wQj| hvi bvg wZwb w`‡jb ÔKmwgK GMÕ| gnvwe‡ùvi‡Y (weMe¨vs) GwU †d‡U †PŠwPi n‡q hvq| 

 (K) cvjmvi Kx? 1 

 (L) wbDUªb ÷vi‡K cvjmvi ejv nqÑ e¨vL¨v Ki| 2 

 (M) DwÏc‡Ki Av‡jv‡K gnvwe‡ùviY ZË¡ e¨vL¨v Ki| 3 

 (N) c`v_© m„wó I weKiY kw³i weeZ©‡bi aviv e‡q gnvwek¦ eZ©gv‡bi GB Ae¯’vq weivR Ki‡Q| Ñ 

DÏxc‡Ki aviYv †_‡K Dw³wU we‡k­lY Ki| 4 

2|  †iwWI †Uwj‡¯‹vc I Mvgv †i †Uwj‡¯‹vc cÖ‡Z¨KwUi KvR wfbœ ai‡bi| GKwUi Rb¨ G‡›Ubv I MÖvnKhš¿ Ges 

AciwUi Rb¨ wW‡UKUi e¨eüZ nq| 

 (K) gnvwe‡ùviY Kv‡K e‡j? 1 

 (L) K…wÎg DcMÖ‡ni g~jbxwZ Kx? 2 

 (M) DÏxc‡K ewY©Z `ywU †Uwj‡¯‹v‡ci g‡a¨ cv_©K¨ †`LvI| 3 

 (N) †iwWI †Uwj‡¯‹vc Øviv Kxfv‡e †eZvi Zi½ kbv³ Kiv hvq Av‡jvPbv Ki| 4 

 

(O) msw¶ß DËi cÖkœ :  

1| M¨vjvw· Kx? 

2| gnvwe‡ùviY Kx? 

3| A`„k¨ e¯‘ Kx? 

4| mgZj gnvwek¦ Kv‡K e‡j? 

5| weM wic ej‡Z Kx †evS? 

6| †k¦Z evgb Kx? 

7| wbDUªb ZviKvi Kv‡K e‡j? 

8| K…òweei Kv‡K e‡j? 

9| gnvms‡KvPb ej‡Z Kx †evS? 

10| dvwg©Ib I †evmb KYv ej‡Z Kx †evS? 

11| K…wÎg DcMÖ‡ni msÁv `vI| 
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(P) wek` DËi cÖkœ :  

1| gnvwek¦ m„wói inm¨ e¨vL¨v Ki| 

2| c`v_©weÁv‡bi Av‡jv‡K gnvwe‡k¦i P‚ovš— cwiYwZ e¨vL¨v Ki| 

3| weM e¨vsM ZË¡ eY©bv Ki| 

4| †iwWI †Uwj‡¯‹v‡ci MVb I Kvh©ejx eY©bv Ki| 

5| K…wÎg DcMÖ‡ni †e‡Mi ivwkgvjv wbY©q Kiv| 

 

(Q) MvwYwZK mgm¨vewj:  

1| m~‡h©i fi 1.991030 kg| GKwU b¶‡Îi fi m~‡h©i f‡ii 6 ¸Y| GwU K…ò wee‡i cwiYZ n‡j Gi NUbv w`M‡š—

i e¨vmva© KZ n‡e? [DËi : 17.70 km] 

2| GKwU b¶‡Îi fi 5 †mŠi f‡ii mgvb| b¶ÎwUi †mvqvR©̄ ‹vBì e¨vmva© KZ n‡j GwU K…ò Mne‡i cwiYZ n‡e?  

 [ m~‡h©i fi, M = 2  1030 kg]  [DËi : 14.8 km] 

3| `ywU K…òwee‡ii NUbv-w`M‡š—i e¨vmv‡a©i AbycvZ 2.25 t 1| cÖ_gwUi fi m~‡h©i f‡ii 5 ¸Y n‡j wØZxqwUi 

fi wbY©q Ki|  [DËi : 4.44 1030 kg] 
 

 

DËigvjv 

 

cv‡VvËi g~j¨vqb 11.1 :    1. (N)   2. (N)   

cv‡VvËi g~j¨vqb 11.2 :    1. (L)  2. (L)   

cv‡VvËi g~j¨vqb 11.3 :    1. (L)  2. (K)   

cv‡VvËi g~j¨vqb 11.4 :    1. (K)  2. (L)   

 

P~ovš— g~j¨vqb 

1| (K)    2| (M)  3|  (N)    4| (K)   5| (N)   6| (M)   7| (K)   8| (M)  

 
 


