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mAnv anAEdkAl s� b}�A�X kF u(pEt aOr EvkAs k� bAr� m�\ soctA rhA h{ । rAt k� Ev-t� t aAkAf m�\
P{l� EVmEVmAt� tAr� hm�fA s� uskA aAkq
Z kA k��dý rh� h{\ । itnA hF nhF\ Ev� kF lgBg sBF mhAn
s\-k� Etyo\ m�\ aAkAfFy Ep\Xo\ ko l�kr lok -kTAy�\ mOj� d h{\ । bFsvF\ ftANdF s� phl� mAnv k� pAs
vo sADn uplND nhF\ T� Ejns� vo apnF DArZAao\ ko p� £ kr pAtA । aAj E-TEt e�sF h{ Ek mAnv
n� p� LvF s� hjAro\ aOr lAKo\ mFl d� r a\tEr" m�\ alg -alg þkAr kF d� rbFn�\1 rKF h� I h{\ jo Ent
nyF jAnkArF B�jtF rhtF h{\ aOr hm�\ b}�A�X k� un Eh-so\ k� bAr� m�\ BF ptA cltA h{ jhA\ s� þkAf
ko aAn� m�\ BF lAKo\ sAl lg jAt� h{\ । c�dý mA\ pr kdm rK� h� y� mAnv ko aADF sdF s� aEDk smy
ho c� kA h{ aOr ab to mAnv m\gl sEht sOrm\Xl k� kI g}ho\2 pr a\tEr" yAn B�j c� kA h{ । k� C
sAl phl� B�j� E-pErV aOr aA�prc� EnEV nAm k� do roboV m\gl g}h kF sth kF bArFkF s� pwtAl
kr rh�\ h{\ aOr hA�Ig�\s nAm kA upkrZ fEn g}h aOr usk� upg}ho\ k� bAr� m�\ jAnkAEryA\ ek/ kr
B�j rhA h{ । sn 1977 m�\ CowA gyA voyjr 2 nAm kA a\tEr"yAn 3 12,566,232,000 EklomFVr kF
d� rF ty krk� sn 2007 m�\ sOrm\Xl ko Cowkr bAhr Enkl c� kA h{ । khn� kF aAv[yktA nhF\ h{ Ek
p� LvF kF sth pr itnF fEÄfAlF d� rbFn�\ -TAEpt kF gyF\ h{\ Ek mAnv k� pwtAl kA "�/ asFEmt ho
gyA h{ । Ec/ 1 m�\ h©l -p�s d� rbFn s� lF gyF k� C aAkq
k t-vFr�\ EdKAyF gyF h{\ ।

ek ftANdF phl� hm�\ b}�A�X k� Ev-tAr k� bAr� m�\ koi an� mAn nhF\ TA l�Ekn aAj hm jAnt� h{\

Ek hmArA sOrm\Xl4 ek aAkAfg\gA 5 EjskA nAm d� `D -m�KlA 6 h{ , kA mA/ ek sd-y h{ , Ejsm�\

ds Krb a�y tAr�\7 h{\ , aOr Ejnm�\ s� bh� to\ k� s� rj kF trh hF apn� sOrm\Xl h{\ । d� `D -m�KlA

kF EvfAltA kA an� mAn isF s� lgAyA jA sktA h{ Ek isk� ek kon� s� d� sr� kon� m�\ ph� \cn� k�

Ely� þkAf ko hjAro\ sAl lg jAt� h{\ jbEk þkAf ek s�k\X m�\ tFs krow EklomFVr cl sktA

h{ । aBF tk þAØ jAnkrF s� ptA clA h{ Ek b}�A�X m�\ arbo\ a�y aAkAfg\gAy�\ h{\ Ejnm�\ s� bh� t

sF aAkAfg\gAy�\ aAkAr -þkAr m�\ d� `D -m�KlA kF trh hF h{\ ( Ec/ 2 m�\ h©l -p�s V�lF-kop s� lF

gyF ek PoVo EdKAyF gyF h{ Ejsm�\ lgBg ds hjAr aAkAfg\gAy�\ h{\ ) । itnA hF nhF\ bh� t sF

aAkAfg\gAao\ k� a(yEDk -p£ CAyAEc/ BF þAØ kr Ely� gy� h{\ ( Ec/ 3 m�\ ek aAkAfg\gA EjskA

nAm e�\X~ omFXA h{ ko EdKAyA gyA h{ ) । yo\ to hmArF aAkAfg\gA m�\ hjAro\ krow tAr� h{\ l�Ekn aBF

tk hm�\ bh� t km tAro\ k� sOrm\Xlo\ k� bAr� m�\ ptA clA h{ । aBF tk hm�\ EksF e�s� g}h k� bAr� m�\

ptA nhF\ clA h{ jo Eblk� l hmArF DrtF kF trh ho aOr Ejs pr jFvn s\Bv ho sk� । iskA

m� Hy kArZ yh h{ Ek aEDkA\f tAr� hms� itnF d� r h{ Ek uns� dotrPA s\pk
 -TAEpt krnA kEWn h{

। hmAr� EnkVtm tAr� s� BF þkAf ko hm tk ph� \cn� m�\ tFn sAl lg jAt� h{\ ।

EbnA EksF d� rbFn k� agr hm aAkAf ko d�K�\ to hm�\ EsP
 g}h aOr n"/ (tAr� ) EdKAyF d�\g� l�Ekn
agr hm aAkAf ko EksF a(yEDk fEÄfAlF d� rbFn s� d�K�\ to hm�\ g}h aOr n"/o\ k� alAvA kI

∗Universe
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Figure 1: n\gF aA\Ko\ s� d�Kn� pr hm�\

sAr� aAkAfFy Ep�X ek j{s� hF EdKt�

h{\ l�Ekn agr hm EksF fEÄfAlF

d� rbFn s� aAsmAn ko d�K�\ to hm�\

unkF EvEBàtAy�\ aOr Evf�ftAy�\ ptA

lgtF h{\ । þ-t� t CAyAEc/ m�\ h©l

-p�s nAmk d� rbFn s� lF gyF k� C

t-vFro\ ko EdKAyA gyA h{ । yh

d� rbFn p� LvF k� cAro\ aOr lgBg 500

EklomFVr kF U\cAi pr p� LvF kA

cÃr lgA rhF h{ । p� LvF k� vAy� m\Xl

s� bAhr hon� k� kArZ yh n EsP


rAt Edn kAm kr sktF h{ bESk yh

us avroD s� m� Ä h{ jo þkAf ko

p� LvF tk ph� \cn� k� Ely� vAy� m\Xl k�

kArZ shn krnA pwtA h{ । apn�

EpCl� p\dý h sAl k� kAy
kAl m�\ h©l

-p�s d� rbFn n� hm�\ g}ho\ , n"/o\ aOr

aAkAfg\gAao\ k� alAvA bh� t sArF

e�sF t-vFr�\ BF BF dF h{\ Ejnm�\ hm

n"/o\ k� bnn� kF þE�yA ko þ(y"

d�K skt� h{\ । þ-t� t CAyAEc/ kF

k� C t-vFro\ m�\ -p£tA k� Ely� C�

r\go\ kA upyog EkyA gyA h{ ।

Figure 2: is CAyAEc/ m�\ h©l -p�s d� rbFn

�ArA aAsmAn k� ek BAg Ejs� h©l aSV~ A XFp

'FSX kht� h{\ kF t-vFr ko EdKAyA gyA h{ ।

is t-vFr m�\ lgBg ds hjAr aAkAfg\gAy�\

h{\ Ejsm�\ s� bh� t sArF aAkAfg\gAy�\ hmArF

aAkAfg\gA kF trh hF h{\ । is t-vFr ko

vh� t sArF t-vFro\ ko EmlAkr bnAyA gyA h{

jo Ek d� rbFn m�\ lg� h� y� k{mr� s� lgBg `yArh

Edn tk k{mr� ko ek hF EdfA m�\ k�\Edý t krk�

lF gyF h{\ । is t-vFr m�\ k� C aAkAfg\gAy�\

b}�A�X kF þcFntm aAkAfg\gAao\ m�\ s� h{\ ।

is t-vFr ko d�Kn� s� hm aAkAfg\gAy�\ kF

EvEvDtA kA an� mAn lgA skt� h{\ ।
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Figure 3: is CAyAEc/ (sO� h©lsAIV ) m�\ e�\X~ omFXA nAmk aAkAfg\gA ko EdKAyA gyA h{ jo

hmArF aAkAfg\gA EjskA nAm d� `Dm�KlA h{ , s� 26 lAK þkAf vq
 d� r h{ । yh aAkAfg\gA ek

c�Fy yA t[trF k� aAkAr kF h{ j{s� Ek aEDkA\f aAkAfg\gAy�\ hotF h{ । ek aAkAfg\gA m�\ lgBg

ds hjAr krow tAr� hot� h{\ । Upr EdKAy� gy� CAyAEc/ m�\ hr Eb\d� ek tArA h{ । hmArF aAkAfg\gA

BF d�Kn� m�\ e��X~ omFXA kF trh hF h{ । a?sr aAkAfg\gAy�\ sm� h m�\ pAyF jAtF h{\ । hmArF aAkAfg\gA

Ejs sm� h kF sd-y h{ usm�\ lgBg do dj
n CoVF aOr bXF aOr aAkAfg\gAy�\ h{\ । upr k� Ec/ m�\

BF do CoVF aAkAfg\gAao\ ko aAsAnF s� d�KA jA sktA h{ । aAkAfg\gAao\ kA aAkAr t[trFn� mA

unk� G� mn� k� kArZ hotA h{ । hmArF aAkAfg\gA lgBg 400 EklomFVr þEt s�k��X kF r%tAr s� G� m

rhF h{ । e�\X~ omFXA aOr hmArF aAkAfg\gA ek d� sr� kF aOr 500 , 000 EklomFVr þEt G\VA kF r�tAr

s� bY rhF h{\ aOr 300 krow sAl yA 3 EbElyn sAl m�\ ek d� sr� m�\ smAEht ho jAy�\gF ।

aAkAfg\gAy�\ BF EdKAyF d�\gF । Ec/ 2 m�\ h©l -p�s V�El-kop �ArA aAkAf k� ek BAg Ejs� h©l
aSV~ A XFp 'FSX kht�\ h{\ kA ek CAyAEc/ EdKAyA gyA h{ Ejsm�\ hjAro\ aAkAfg\gAy�\ mOj� d h{\ । hm
aAkAfg\gAao\ ko b}�A�X kF m� lB� t ikAIyA\ mAn skt� h{\ । lgBg sO sAl phl� b}�A�X kA Ev-tAr
EsP
 hmArF aAkAfg\gA tk mAnA jAtA TA l�Ekn am�ErkF KgolEvdo\ n� ptA lgAyA Ek b}�A�X m�\
a�y aAkAfg\gAe\ BF h{\ । am�ErkF KgolEvd e�XEvn h©l Ejs� aAD� Enk b}�A�X EvâAn 8 kA jnk
BF mAnA jAtA h{ , n� bFsvF\ sdF k� d� sr� dfk m�\ Koj EnkAlA Ek aEDkA\f aAkAfg\gAe\ hms� d� r
jA rhF h{\ । aAkAfg\gAe\ jo hms� EjtnF aEDk d� r h{\ unkF d� r jAn� Ek gEt BF utnF\ hF aEDk h{
। aAkAfg\gAao\ k� d� r jAn� kA kArZ yh mAnA gyA Ek hmAr� aOr aAkAfg\gAao\ k� bFc kA -TAn
Ev-tAr l� rhA h{ । b}�A�X k� is Ev-tAr ko h©l Ev-tAr kht� h{\ ।

h©l kF mh(vp� Z
 Koj s� phl� h� I do mh(vp� Z
 Koj�\ yhA\ u¥�KnFy h{\ । unm�\ s� phlF aAD� Enk

BOEtkfA-/ k� jnk a\g}�jF v{âAEnk sr aA�Ij{k �y� Vn n� kF TF । u�hon�\ btAyA Ek Ejs g� z(vAkq
Z

bl k� kArZ p� LvF Upr P�\kF h� I cFjo\ ko apnF aOr KF\ctF h{ usF g� z(vAkq
Z bl k� kArZ s� y


a�y g}ho\ ko apnF aOr KF\ctA h{ । d� srF mh(vp� Z
 Koj pol{\X k� KgolEvd Enkols kA�prEnks n�

kF TF । u�hon�\ phlF bAr ptA lgAyA TA Ek p� LvF s� y
 k� cAro\ aOr G� mtF h{ n Ek s� y
 p� LvF k� cAro\

aOr j{sA Ek tb tk log soct� T� । kA�prEnks n� yh btAkr Ek p� LvF sOrm\Xl k� k�\dý m�\ nhF h{ ,

mAnv k� mh(v ko km kr EdyA jo yh soctA aAyA TA Ek mAnv kA -TAn b}�A�X m�\ EbEf£ h{ ।

aAD� Enk b}�A�X v{âAEnk kA�prEnks kF Koj ko &yApk aTo� m�\ ek Enym , Ejs� b}�A�X EbâAn kA

Enym9 kht� h{\ , k� !p m�\ upyog m�\ lAt� h{\ । is Enym k� an� sAr b}�A�X m�\ n to koI -TAn EbEf£
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Figure 4: is CAyAEc/ (sO� e�sXFe�s -e�s )

m�\ aAkAfg\gAao\ k� EvtrZ kA ek n?fA

EdKAyA gyA h{ । aAkAfg\gAao\ kA b}�A�X

m�\ EvtrZ n to p� Z
tyA eksmAn h{ aOr n

hF aEnyEmt aEpt� unkA EvtrZ ek KAs

trh s� hotA h{ । is Ec/ m�\ hr Eb\d� ek

aAkAfg\gA ko þdEf
t krtA h{ tTA n?f� m�\

k� l EmlAkr ds lAK s� aEDk aAkAfg\gAy�\

h{\ । is n?f� ko bnAn� k� Ely� �y� m{E?sko

m�\ rKF gyF us do mFVr &yAs kF d� rbFn kA

upyog EkyA gy Ejsko -lon EXEjVl -kAI

sv�
 nAmk sv�
 upyog m�\ lAtF h{ ।

h{ aOr n hF koI EdfA ।

b}�A�X k� sBF dý &y Ep\X10 ek d� sr� ko g� z(vAkq
Z bl s� aAkEq
t krt� h{\ । agr hm mAn� Ek b}�A�X
kA Ev-tAr sFEmt h{ to hm pAy�\g� Ek e�sF E-TEt m�\ b}�A�X kA s\t� ln Ktr�\ m�\ pw jAy�gA Èo\Ek
b}�A�X kF sFmAao\ pr jo Ep\X ho\g� u�h�\ bAhr s� koI aAkEq
t krn� vAlA nhF\ hogA aOr isEly�
vo a�dr kF aOr EK\ct� cl� aAy�\g� aOr a�t m�\ b}�A�X kA sArA pdAT
 ek Eb\d� pr ek/ ho jAy�gA
। l�Ekn agr hm yh mAn� Ek b}�A�X kA Ev-tAr asFEmt h{ to e�sF E-TEt m�\ b}�A�X kA hr Ep\X
cAro\ trP s� a�y Ep\Xo\ s� aAkEq
t hogA aOr b}�A�X ko s\t� ln Eml jAy�gA l�Ekn yh s\t� ln us
s� I k� s\t� ln k� smAn hogA Ejs� Esr k� bl KwA rKA gyA h{ । Èo\Ek j{s� hF hm b}�A�X k� EksF
ek Ep\X ko Ev-TAEpt kr�\g� b}�A�X kA s\t� ln Ebgw jAy�gA aOr EPr b}�A�X kA sArA pdAT
 ek
jgh s\GEnt ho jAy�gA । �y� Vn n� is sm-yA ko hl krn� kF koEff kF l�Ekn unko sPltA þAØ
nhF\ ho skF । bFsvF\ sdF k� d� sr� dfk m�\ jm
n m� l k� þEs� v{âAEnk aSbV
 aA�i\-VAIn n� b}�A�X
k� s\t� ln ko apn� Koj� h� y� sAp�E"tA k� &yApk Es�A�t 11 s� smJAn� kF koEff kF l�Ekn isk�
Ely� u�h�\ ek e�s� sv
NyApF pdAT
 , Ejs� ab log kA�smoloEjkl kA\-V�\V k� !p m�\ jAnt� h{\ , kF
kSpnA krnF pwF jo bh� t aEDk d� rF pr g� z(vAkq
Z bl k� þBAv ko bdl d� (aAkq
Z k� bjAy
yh þEtkq
Z m�\ bdl jAy� ) । aA�i\-VAIn n� b}�A�X kA jo mA�Xl EdyA TA usk� an� sAr n to b}�A�X
kA Ev-tAr ho sktA TA aOr n hF s\k� cn l�Ekn jb h©l n� Koj EnkAlA Ek b}�A�X kA Ev-tAr ho
rhA h{ to aA�i\-VAIn ko apnA p� vA
g}h CownA pwA ।

b}�A�X m�\ jo k� C BF GEVt hotA h{ usk� Ely� d�f -kAl12 ek r\gm\c kA kAm krtA h{ । bFsvF\

ftANdF s� phl� logo\ kF DArZA TF Ek d�f aOr kAl acr13 hot� h{\ aTvA do -TAno\ k� bFc kF d� rF

aOr do GVnAao\ k� bFc kA smy a�trAl sBF þ�"ko\ 14 k� Ely� eksmAn rhtA h{ cAh� vo khF\ BF ho\

aOr EksF BF þkAr kF gEt kr rh�\ ho\ । l�Ekn aA�i\-VAIn k� sAp�E"tA k� Enym s� ptA cltA h{ Ek

yh s(y nhF\ h{ । aAD� Enk v{âAEnk d�f -kAl ko -T{Etk yA acr n mAnkr gEtj yA pErvt
nfFl15

mAnt� h{\ ।

j{sA Ek btAyA gyA h{ Ek b}�A�X m�\ mOj� d UjA
ao\ s� u(pn g� !(v þBAv d�f -kAl kF >yAEmtFy

s\rcnA ko bdl d�tA h{ । b}�A�X m�\ upE-Tt sBF þkAr k� pdAT
 kZo\ kF gEt b}�A�X kF >yAEmtF

s� EnDA
Ert hotF h{ । do dý NymAn ek d� sr� s� tBF tk b\D� rh skt� h{\ jb tk unk� bFc lgn� vAl�

g� z(vAkq
Z bl kF UjA
 unkF gEt k� kArZ jo UjA
 h{ uss� aEDk ho । udAhrZ k� Ely� agr hm

koi v-t� bh� t t�jF s� P�\k� to vo p� LvF ko Cowkr clF jAy�gF । us �y� ntm v�g jo EksF v-t� ko
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p� LvF k� aAkq
Z s� m� Ä hon� k� Ely� cAEhy� ko plAyn v�g16 kht� h{\ । plAyn v�g kA mAn dý &ymAn

pr EnB
r krtA h{ । c�dý mA pr vAtAvrZ nhF\ hon� kA m� Hy kArZ plAyn v�g kA km honA h{ Ejsk�

kArZ g{s�\ jo vAtAvrZ kA EnmA
Z krtF h{\ aAsAnF s� usko Cow d�tF h{\ ।

b}�A�X kF "�/Fy >yAEmtF b}�A�X m�\ upE-Tt sBF þkAr kF UjA
ao\ k� Gn(v aOr b}�A�X k� þsAr

kF gEt (h©l EnytA\k ) pr EnB
r krtF h{ । agr UjA
ao\ kA Gn(v ek EnE�t mA/A , jo h©l

EnytA\k pr EnB
r krtF h{ , s� aEDk hotA h{ to b}�A�X kF "�/Fy >yAEmtF u�l yA v�tA DnA(mk ,

aOr agr km to >yAEmtF avtl yA v�tA �ZA(mk ho jAtF h{ । DnA(mk v�tA vAlA b}�A�X ek

EnE�t sFmA tk EvkEst hon� k� bAd s\k� Ect hon� lgtA h{ aOr a�t m�\ ek Ev\d� k� !p m�\ iskA

a�t ho jAtA h{ । f� �y aOr �ZA(mk v�tA vAlA b}�A�X an�tkAl tk EvkEst hotA rhtA h{ ।

yhA\ pr yh sb Ej� krn� kA u��[y yh btAnA TA Ek yEd hm b}�A�X k� Ev-tAr kF gEt aOr sm-t

þkAr kF UjA
ao\ kA ptA kr l�\ to hm yh btA skt� h{\ Ek b}�A�X kA a�t k{s� hogA ।

yhA\ pr is bAt kA Ej� krnA a(y\t aAv[yk h{ Ek �y� Vn k� Enymo\ k� an� sAr n to þkAf ko

aOr n to g� z(v bl ko ek -TAn s� d� sr� -TAn m�\ ph� \cn� m�\ koI smy lgtA TA । udAhrZ k� Ely�

yEd s� rj agr p� LvF ko aAkEq
t krnA b\d kr d� to �y� Vn k� Enymo\ k� an� sAr p� LvF t� r�t s� rj

k� cÃr lgAnA Cow d�gF । aA��-VAin n� btAyA Ek n to þkAf aOr n hF g� z(vAkq
Z an�t tFv}tA

s� gmn kr sktA h{ । koI BF v-t� yA þBAv þkAf kF gEt s� tFv} gEt s� gmn nhF\ kr sktA h{

। þkAf kF EnvA
t m�\ gEt ek sAv
BOEmk EnytA\k k� !p m�\ mAnF jAtF h{ । KgolFy Ep�Xo\ s� jo

þkAf hm�\ aAj þAØ hotA h{ vh unk� �ArA atFt m�\ u(pn EkyA gyA TA Èo\Ek þkAf ek -TAn s�

d� sr� -TAn m�\ ph� \cn� m�\ smy l�tA h{ । hm a?sr KgoEly Ep�Xo\ kF d� Eryo\ ko unk� �rA Cow� gy�

þkAf ko hm tk ph� \cn� m�\ lg� smy k� !p m�\ &yÄ krt� h{\ । udAhrZ k� Ely� agr EksF Ep�X s�

hm tk ph� \cn� m�\ þkAf ko ek vq
 lgtA h{ to hm kht� h{\ Ek us Ep�X kF hms� d� rF ek þkAf

vq
 h{ EjskA mAn 9 , 460 , 528 , 400 , 000 EklomFVr hotA h{ । KgolBOEtkF m�\ a?sr bh� t bwF -bwF

rAEfyo\ kA upyog hotA h{ Ejnko ds kF GAto\ k� !p m�\ >yAdA s� EvDAjnk Y\g s� &yÄ EkyA jA

sktA h{ । udAhrZ k� Ely� ek þkAf vq
 kA mAn 9.46 × 1012 EklomFVr hotA h{ aOr þkAf kF

EnvA
t m�\ cAl 3× 108 mFVr þEt s�k��X hotF h{ । a?sr hm ds kF k� C GAto\ ko unk� s\E"Ø nAmo\

s� &�Ä krt� h{\ Ejnm�\ s� n{no (10−9), mAi�o 10−6, m�gA 106, aOr gFgA 109 þm� K h{\ । a?sr KgoEly

d� Eryo\ ko þkAf vq
 k� bjAy pArs�k m�\ &yÄ EkyA jAtA h{ jhA\ Ek ek pArs�k kA mAn 3.26 þkAf

vq
 hotA h{ ।

aAD� Enk v{âAEnk tFn "�/Fy EvmAao\17 aAg� -pFC� , dAy�\ -bAy�\ aOr upr -nFc� k� alAvA smy (B� t -

BEv	y ) ko BF ek EvmA mAnt� h{\ । Èo\Ek b}�A�X m�\ jo k� C BF GEVt hotA h{ usk� Ely� y� cAr

EvmAy�\ r\gm\c kA kAm krtF h{\ । b}�A�X m�\ jo k� C BF GEVt hotA h{ vh khF\ n khF\ hotA h{ aOr

EksF n EksF smy hotA h{ । aA��-VAin n� btAyA Ek b}�A�X m�\ pdAT
 aOr UjA
 cAh� vo EksF BF

-v!p m�\ ho unkF þk� Et hotF h{ Ek vo apn� aAspAs g� z(v "�/ u(pn kr�\ aOr jo BF a�y pdAT


yA UjA
 unk� g� z(v "�/ m�\ aAy� us� apn� g� z(vAkq
Z s� þBAEvt kr�\ । aA�i\sVAIn n� yh BF btAyA

Ek bjAy yh mAnn� k� Ek ek v-t� d� srF v-t� ko g� z(vAkq
Z bl s� aAkEq
t krtF h{ yh mAnnA

>yAdA uEct h{ Ek v-t� y�\ apn� aAspAs k� "�/ aOr smy kF >yAEmtFy s\rcnA ko Evk� t kr d�tF h{\

। iskA ek þ(y" udAhrZ hm�\ tb d�Kn� ko EmltA jb þkAf EkrZ�\ EksF fEÄfAlF b-t� (j{s� Ek

s� y
 ) k� g� z(v "�/ m�\ sFDF r�KA m�\ n gmn kr ek v� pT kA an� krZ krtF h{\ aOr Ejs� þ(y" zp
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s� d�KA jA sktA h{ । yhA\ pr yh sb Ej� krn� kA ud�[y yh btAnA TA Ek b}�A�X kF >yAEmtFy

s\rcnA EjskF jAnkArF b}�A�X EvâAn kF Kojo\ k� Ely� a(y\t aAv[yk h{ , un sAr� pdATo� aOr

UjA
ao\ k� g� z(vAkq
Z s� EnDA
Ert hotF h{ jo b}�A\X m�\ NyAØ h{\ ।

aA��-VAin kA g� !(v bl kA Es�A\t Ejs� sAp�E"tA k� &yApk Es�A\t k� nAm s� jAnA jAtA h{ �y� Vn

k� g� z(v bl k� Es�A\t s� m� HytyA tFn bAto\ m�\ alg TA ( 1 ) �y� Vn k� Es�A\t k� an� sAr g� z(v bl

ko ek -TAn s� d� sr� -TAn ph� \cn� m�\ koI smy nhF\ lgtA TA jbEk aA��-VAin k� Es�A\t s� koI

BF þBAv þkAf kF gEt s� t�j nhF\ cl sktA TA ( 2 ) aA��-VAin k� Es�A\t s� dý &ymAn aOr UjA


dono hF g� z(v þBAv u(pn krt� h{\ n Ek EsP
 dý &ymAn j{sA Ek �y� Vn k� Es�A\t m�\ mAnA jAtA h{

( 3 ) aA��-VAin k� Es�A\t s� dý &ymAn̂ aOr UjA
 k� sAT -sAT dbAb BF g� z(v þBAv u(pn kr sktA

h{ । aAg� hm Ej� kr\g� Ek aA��-VAin k� Es�A\t s� u(pn hon� vAl� g� z(v bl kF þk� Et 3 g� ZA UjA


Gn(v + dbAb Gn(v pr EnB
r krtF h{ । yEd yh s\HyA DnA(mk h{ to g� z(v bl kF þk� Et aAkEq
t

krn� vAlF hotF h{ a�yTA yh þEtkEq
t krn� vAlF hotF h{ ।

iss� phl� Ek hm b}�A�X , uskF sFmAao\ , Ev-tAr , aOr Ev-tAr k� pErZAmo\ kF ccA
 kr�\ , yh jAnn�
kF koEff krt�\ h{\ Ek b}�A�X m�\ jo pdAT
 h{ uskF m� l -tr pr18 s\rcnA 19aOr þk� Et20 k{sF h{ ।

þAcFn BArtFy aOr pA�A(y df
n m�\ yh mAnA jAtA TA Ek b}�A�X m�\ jo BF pdAT
 h{ vo pA\c m� l

t(vo\ p� LvF , jl , vAy� , aAkAf , aOr aE`n s� Emlkr bnA h� aA h{ । aAD� Enk v{âAEnk yh mAnt� h{\

Ek b}�A�X k� sBF pdATo� kF s\rcnA lgBg sO þkAr k� m� lt(vo\ s� hotF h{ ( Ec/ 5 m�\ dAyF\ trP

k� p{nl ko d�K�\ ) । yhA\ pr yh @yAn d�n� yo`y h{ Ek inm�\ s� bh� t s� m� lt(v "ZjFvF yA mAnv

EnEm
t BF h{\ । hmAr� frFr kF rcnA m� HytyA kAb
n , hAIX~ ojn , aA?sFjn , nAiV~ ojn , PAsPors

k{ESfym , lOhA , aAEd m� lt(vo\ s� hotF h{ । hm m� lt(vo\ kA EbB�dn unkF aADArB� t ikAIyo\ Ej�h�\

prmAZ� 21 kht� h{\ , k� aADAr pr krt� h{\ । lgBg ek ftANdF phl� jb prmAZ� kF kSpnA kF gyF TF

tb yh mAnA gyA TA kF prmAZ� aB�d 22 hot� h{\ । l�Ekn bFsvF\ sdF k� utrAD
 m�\ v{âAEnko\ n� þyogo\

s� ptA lgAyA Ek prmAZ� aB�d n hokr tFn aADArB� t m� lkZo\23 EjnkA nAm il�?V~ An , þoV~ An , aOr

�y� V~ An h{ , s� Emlkr bn� hot� h{\ ( Ec/ 5 ko d�EKy� ) । ek m� lt(v k� prmAZ� d� sr� m� lt(v k� prmAZ�

s� m� HytyA þoVAno\ kF s\HyA k� aADAr pr alg hot� h{\ । udAhrZ k� Ely� agr EksF prmAZ� k�

pAs EsP
 ek hF þoV~ An h{ to us� hAiX~ ojn k� prmAZ� k� !p m�\ jAnA jAtA h{ aOr agr Ch þoV~ An

h{\ to kAb
n k� prmAZ� k� !p m�\ । yhA\ pr yh d�KA jA skt� h{ Ek EksF BF prmAZ� m�\ þoV~ Ano\ ko

jowkr yA GVAkr us� EksF ny� prmAZ� m�\ bdlA jA sktA h{। l�kn yh yh ek a(y\t hF m� E[kl

þE�yA hotF h{ jo Ek yA to tAro\ k� gB
 m�\ s\Bv h{ aOr yA to b}�A�X kF u(pEt k� þArEMBk "Zo\

m�\ s\Bv TF । aAD� Enk v{âAEnk is þE�yA kA upyog prmAZ� Ev-PoVo\ m�\ yA nAEBkFy EbjlF s\y\/o\

m�\ EbjlF p{dA krn� k� Ely� krt� h{\ । jb uproÄ þE�yA s� ek pdAT
 d� sr� pdAT
 m�\ bdltA h{ to

apAr UjA
 kF þAEØ hotF h{। EjskA ek >vl\t udAhrZ hmArA s� y
 h{ jo hAiX~ ojn k� prmAZ� ao\ ko

hFlFym nAmk t(v k� prmAZ� ao\ m�\ bdlkr arbo\ sAlo\ s� UjA
 k� úot kA kAm kr rhA h{ ।

aBF tk hmn� b}�A�X k� k� C tLyo\ kA s\E"Ø m�\ Ej� EkyA h{ ab hm unk� bAr� m�\ Ev-tAr s� ccA


kr�\g� ।

(k ) h©l Ev-tAr aOr b}�A�X k� mhAEv-PoV kA Es�A�t

j{sA Ek phl� BF btAyA jA c� kA h{ Ek b}�A�X kA Ev-tAr ho rhA h{ aOr iskA ptA hm�\ is bAt s�
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Figure 5: b}�A�X m�\ GEVt hon� vAlF sm-t BOEtk þE�yAao\ ko cAr m� l blo\ (g� z(v bl , Eb�� t -

c� MbkFy bl , "FZ bl aOr tFv} bl ) aOr m� lkZo\ k� do þkAro\ s� smJAyA jA sktA h{ । phl�

þkAr k� m� lkZ jo bAyF\ trP k� Ec/ m�\ lAl aOr hr� r\g s� EdKAy� gy� h{\ pdAT
 kF s\rcnA m�\

yogdAn krt� h{\ tTA d� sr� þkAr k� m� l kZ jo nFl� r\g s� EdKAy� gy� h{\ m� l blo\ k� s\crZ k� Ely�

u�rdAyF h{\ । pdAT
 kF s\rcnA krn� vAl� m� l kZ do þkAr k� hot� h{\ Ej�h�\ hm ËAk
 (lAl r\g vAl�

m� lkZ ) aOr l�=VAn (hr� r\g vAl� kZ ) kht� h{\ । b}�A�X kA sm-t pdAT
 þTm pFYF k� m� lkZo

(ap aOr XAun ËAk
 , il�?V~ on aOr il�?V~ on �y� EV~ no ) s� Emlkr bnA hotA h{ । pdAT
 kF s\rcnA

m� HytyA þoV~ An aOr �y� V~ An s� hotF h{ tTA jo Ek ap aOr XAun ËAko� s� Emlkr bnt� h{\ । blo\

k� s\crZ k� Ely� jo m� lkZ u�rdAyF hot� h{\ u�h�\ s\cArF kZ kht� h{\ । m� lB� t blo\ kF tFv}tA aOr

þBAv "�/ kF sFmA s\cArF kZo\ k� dý &ymAn pr EnB
r krtA h{ । Eb�� t -c� MNkFy aOr g� z(v bl k�

s\cArF kZ f� �y b}&ymAn ko hon� k� kArZ in blo\ k� þBAv "�/ kF sFmA an�t tk hotF h{ । dAyF\

trP k� Ec/ m�\ un sb m� l -t(vo\ ko vgF
k� t zp s� EdKAyA gyA h{ jo aBF tk âAt h{\ ।

cltA h{ Ek aEDkA\f aAkAfg\gAy�\ hms� d� r jA rhF h{\ । BOEtk EvâAn k� Es�A\t hm�\ btAt� h{\ Ek

jb BF koI v-t� hms� d� r jAtF h{ to hm�\ uss� aAn�vAlF tr\go\ kF aAv� Et24 GVF h� I þtFt hotF h{

। Èo\Ek þkAf BF tr\go\ k� zp m�\ ( EbD� t -c� MbkFy tr\g�\) gmn krtA h{ isEly� hms� d� r jA rhF

aAkAfg\gAao\ s� aAn� vAl� þkAf kF aAv� Et GVF h� i yA tr\gd{@y
25 bYF h� I þtFt hotF h{ । tr\gd{@y


m�\ Pk
 d� r jAn�vAlF v-t� kF gEt pr EnB
r krtA h{ Ejs� sAmA�ytyA r�XEs%V khA jAtA h{ । jo

aAkAfg\gAy�\ >yAdA t�jF s� d� r jA rhF hotF h{\ unkA r�XEs%V BF aEDk hotA h{ । h©l n� btAyA

Ek aAkAfg\gAao\ k� d� r jAn� kF gEt unkF hms� d� rF k� an� �mAn� pAtF hotF h{ । sFD� fNdo\ m�\ kh�\

to jo aAkAfg\gAy� hms� >yAdA d� r h{\ vo >yAdA t�jF s� d� r jA rhF h{\ । aAkAfg\gAao\ kF gEt aOr

uns� hmArF d� rF k� an� pAt ko ek EnytA\k k� !p m�\ &yÄ EkyA jAtA h{ Ejs� h©l EnytA\k kht�

h{\ aOr iskF ikAI EklomFVr þEt s�k�X þEt m�gA pArs�k hotF h{ । b}�A�X k� Ev-tAr kF gEt ko

h©l EnytA\k s� þdEf
t EkyA jAtA h{ । udAhrZ k� Ely� yEd h©l EnytA\k kA mAn 100 EklomFVr

þEt s�k�X þEt m�gA pArs�k h{ to iskA mtlb yh h� aA Ek yEd koI aAkAfg\gA hms� ek m�gA

pArs�k d� r h{ to vo hms� 100 EklomFVr þEt s�k��X kF gEt s� d� r jA rhF h{ । hm aAg� Ej� kr�\g�

Ek Eks þkAr b}�A�X k� Ev-tAr kF gEt Ejs� h©l EnytA\k s� þdEf
t EkyA jAtA h{ , b}�A�X m�\
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mOj� d UjA
ao\ kF þk� Et pr EnB
r krtA h{ ।

b}�A�X k� Ev-tAr k� kArZ aAkAfg\gAao\ kF ek d� sr� s� d� rF smy k� sAT bYtF jA rhF h{ aOr

iss� hm aAsAnF s� an� mAn lgA skt� h{\ Ek bh� t smy phl� sArF aAkAfg\gAy�\ k� d� sr� k� pAs

rhF ho\gF । yhA\ pr is bAt kA Ej� krnA aAv[yk h{ Ek b}�A�X ek þkAr k� tApFy EvkFrZ s�

BrA h� aA h{ Ejsko kA�E-mk mAi�ov�v b{kg}Au�X r�EXy�fn yA sFe�mbFaAr kht� h{\ । EksF BF tApFy

EvkFrZ kF Evf�qtA hotF h{ Ek usk� sAr� g� Z -Dm
 usk� tApmAn s� En!Ept Eky� jA skt� h{\ ।

vt
mAn m�\ sFe�mbFaAr kA tApmAn 2.73 EXg}F k�ESvn h{ । b}�A�X k� Ev-tAr k� sAT -sAT sFe�mbFaAr

kA tApmAn GVtA jAtA h{ । lgBg 14 EbElyn sAl phl� b}�A�X kA sArA pdAT
 ek Eb\d� k� !p

m�\ s\GEVt TA tTA sFe�mbFaAr kA tApmAn an�t TA । e�sF av-TA ko Ebg b{\g aOr is Es�A�t

Ejsm�\ b}�A�X k� u(pEt ek EnE�t smy pr ek Eb\d� s� h� I ko mhAEv-PoV kA Es�A�t yA Ebg b{\g

LyorF kht� h{\ । Ebg b{\g LyorF k� m� Hy t(v EnßElEKt h{\ ।

1। b}�A�X kA Ev-tAr ho rhA h{ ।

2। b}�A�X kF u(pEt ek EnE�t smy phl� ek Eb\d� k� !p m�\ h� I TF ।

3। b}�A�X ek sv
&yApF tApFy EvkFrZ s� BrA h� aA h{ Ejsko sFe�mbFaAr kht� h{\ aOr iskF

u(pEt b}�A�X kF us av-TA m�\ h� I TF jb b}�A�X kAPF CoVA , s\GEVt aOr grm TA ।

4। aEt tApmAn k� kArZ b}�A�X k� þArEMBk "Zo\ m� b}�A�X m�\ mOj� d sAr� pdAT
 m� lB� t kZo\ k�

!p m�\ T� aOr jo BF t(v aAj hm d�Kt� h{\ unm�\ s� koI BF t(v mOj� d nhF\ TA ।

5। þsAr k� kArZ b}�A�X m�\ mOj� d alg -alg þkAr kF UjA
ao\ kA Gn(v , þsAr m�\ unkA mh(v

aOr tApmAn bdltA h{ pErZAm-v!p bh� t sF BOEtkFy þE�yAy�\ jo atFt m�\ sMBv TF aAj

sMBv nhF\ h{\ ।

6। b}�A�X kA þsAr smy ko ek EnE�t EdfA þdAn krtA h{ ।

7। b}�A�X m�\ m� HytyA tFn þkAr kF UjA
y�\ pAyF jAtF h{\ । Ejnm�\ s� phlF þkAr kF UjA
 us

pdAT
 k� kArZ hotF h{ jo sAmA�y gEtfFl hotA h{ । d� srF þkAr kF UjA
 aEt -gEtfFl pdAT


k� kArZ hotF h{ । tFsrF Ek-m kF ujA
 us t(v k� kArZ hotF h{ Ejs� hm ad� [y UjA
 yA

EnvA
t UjA
 k� nAm s� jAnt� h{\ ।

8। aAI-VAin k� sAp�E"tA k� &yApk Es�A�t k� an� sAr sBF þkAr kF UjA
y�\ g� z(v þBAv u(pn

krtF h{ aOr u(pn hon� vAl� g� !(v þBAv kF þk� Et UjA
ao\ kF þk� Et pr EnB
r krtF h{ ।

sAmA�y aOr aEtgEtfFl pdAT
 s� u(pn hon� vAlA g� z(v bl aAkq
Z þkAr kA hotA h{ tTA

ad� [y UjA
 s� u(pn g� z(v bl þEtkq
Z þkAr kA hotA h{ ।

9। b}�A�X k� Ev-tAr k� sAT alg -alg þkAr Ek UjA
ao\ kA Gn(v alg -alg þkAr s� bdltA

h{ । aEt -gEtfFl pdATo� s� s\bEDt UjA
 smy k� sAT -sAT sAmA�y pdATo� s� s\bEDt UjA
 s�

>yAdA t�jF t�jF s� GVtF h{ । ad� [y UjA
 kA Gn(v hm�fA brAbr rhtA h{ ।

10। b}�A�X k� Ev-tAr kF gEt aOr þkAr is bAt pr EnB
r krtA h{ Ek upr btAyF gyF UjA
ao\

m�\ s� kOn sF UjA
 sbs� aAEDk h{ ।

(K ) b}�A�X kA s\E"Ø iEthAs
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Figure 6: b}�A�X kF u(pEt k� k� C lAK sAl tk b}�A�X kA tApmAn kAPF aEDk TA tTA þkAf

aOr pdAT
 ek d� sr� k� sAT b\D� h� y� T� । k� C smy p�At jb tApmAn k� C km ho gyA to þkAf k�

kZ Ej�h�\ hm PoVA�n k� nAm s� jAnt� h{\ pdAT
 s� m� Ä ho gy� aOr aAj kA�E-mk mAi�ov�v b{kg}Au�X

r�EXe�fn k� !p m�\ mOj� d h{\ । m� Ä h� e� PoVA�no\ kA tApmAn us "�/ k� Gn(v pr EnB
r krtA h{ jhA\

s� PoVA�n m� Ä hot� h{\ । m� Ä hon� k� smy sBF "�/o\ kA Gn(v eksmAn n hon� k� kArZ aAj hm jo

kA�E-mk mAi�ov�v b{kg}Au�X r�EXe�fn d�Kt� h{\ usk tApmAn alg -alg EdfAao\ k� Ely� alg -alg

h{ । isA CAyAEc/ m�\ (sO� XNl� m{p ) kA�E-mk mAi�ov�v b{kg}Au�X r�EXe�fn kA alg -alg EdfAao\

k� Ely� tApmAn EdKyA gyA h{ । CAyAEc/ m�\ lAl aOr nFl� "�/ �mf : grm aOr W\X� "�/o\ ko

þdEf
t krt� h{\ । is þkAr k� Ec/ kA a@��n krk� hm b}�A�X k� atFt k� bAr� m�\ bh� t k� C jAn

skt� h{\ । yh CAyAEc/ un aA\kwo s� t{�yAr EkyA gyA h{ jo us am�ErkF d� rbFn s� Ely� gy� h{\

EjskA nAm EvESk�sn mAi�ov�v e�nAisoV~ opF þob h{ tTA jo a\tEr" m�\ lAKo\ EklomFVr d� r rKF

gyF h{ ।

b}�A�X k� þsAr kF vt
mAn gEt aOr mOj� d UjA
ao\ kF mA/A s� hm gZnA kr skt� h{\ Ek b}�A�X kF

u(pEt lgBg 1370 krow sAl phl� h� i TF । u(pEt k� smy b}�A�X kA aAkAr bh� t CoVA TA tTA

isk tApmAn itnA aEDk TA Ek b}�A�X m�\ mOj� d m� lt(v m� lB� t kZo\ k� s� p yA ÚA>mA k� !p m�\ T�

। m� lB� t kZ Ejnm�\ s� þm� K il�?V~ An , þoV~ An , �y� V~ An , �y� EV~ no aOr PoVAn ek d� sr� k� sAT t�jF

s� aEBE�yA kr rh� T� । jb tk b}�A�X kA tApmAn bh� d >yAdA TA aEBE�yAao\ s� u(pn m� l t(v

t� r\t EbGEVt ho jAt� T� । b}�A�X k� u(pn hon� k� phl� tFn EmnV k� a�t tk b}�A�X kA tApmAn

itnA km ho gyA TA Ek hSk� m� l t(v j{s� Ek hAiX~ ojn , hFElym aOr lFTFym kA EbGVn zk

gyA TA ( Ec/ 7 ko d�EKy� ) । BArF m� lB� t t(v j{s� kAb
n , aA?sFjn , lohA i(yAEd jo BF hm

apn� cAro\ aOr d�Kt� h{\ unkF s\rcnA bh� t bAd m�\ tAro\ k� gB
 m�\ h� I TF aOr aBF BF cl rhF h{

। jb BF nAEBkFy þE�yAao\ k� Pl-v!p hlk� t(vo\ s� BArF t(vo\ kF s\rcnA hotF h{ apAr UjA


u(pn hotF h{ । s� y
 k� a�dr UjA
 u(pEt kA m� Hy úot hAiX~ ojn t(v kA hFElym t(v m�\ bdlnA h{

। b}�A�X k� iEthAs kF ek s\E"Ø Jlk k� Ely� sArZF 1 d�EKy� ।

b}�A�X kF u(pEt k� k� C lAK sAl tk PoVAno\ , jo Ek þkAf k� kZ hot� h{\ , kF UjA
 itnF aEDk

TF Ek j{s� hF koI prmAZ� bntA TA vo t� r�t EvGEVt ho jAtA TA । is dOrAn PoVAn bAkF smA�y

pdAT
 s� mjb� tF s� b\D� T� aOr bh� t d� r tk nhF\ ph� \c skt� T� । jb b}�A�X k� C W\XA ho gyA to
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smy GVnA tApmAn

0 - 10−43 s�� ÚA\k y� g 1033 k�ESvn
10−43 − 10−35 s�� þoV~ Ano\ kF s\rcnA 1028 k�ESvn
10−35 − 10−32 s�� aEtEv-tAr , aAkAr 10−25 s� 1025 mF�
1 s�� þTm prmAZ� kF s\rcnA 1010 k�ESvn
100 s�� hlk� t(vo\ kF s\rcnA 109 k�ESvn
3, 000 vq
 EvkFrZ y� g kA a\t aOr pdAT
 y� g kF f� zaAt 105k�ESvn
3, 80, 000 vq
 sFe�mbFaAr kF u(pEt 103k�ESvn
10 krow vq
 phl� tAr� kF s\rcnA 109 k�ESvn
50 krow vq
 phlF aAkAfg\gA kF s\rcnA
400 krow vq
 aEDkA\f tAro\ kA EnmA
Z
800 krow vq
 b}�A�X kA (vErt Ev-tAr f� !
900 krow vq
 sOrm\Xl kA EnmA
Z
1370 krow vq
 aAj 3.27 k�ESvn
10, 000 krow vq
 b}�A�X kA a\t

Table 1: b}�A�X kA s\E"Ø iEthAs

sAmA�y pdAT
 k� prmAZ� ao\ (hAiX~ ojn ) kA EbGVn zk gyA aOr PoVAn m� Ä ho gy� Ej�h�\ aAj hm

sFe�mbFaAr k� !p m�\ jAnt� h{\ ( Ec/ 6 ko d�EKy� ) ।

t(vo\ kF s\rcnA b}�A�X k� iEthAs m�\ ek þm� K -TAn rKtF h{ । d� srF mh(vp� Z
 GVnA aAkAfg\gAao\

kF u(pEt TF । yo\ to b}�A�X k� þArEMBk BAg m�\ mOj� d pdAT
 kA EvtrZ eksmAn TA EPr BF k� C

-TAno\ pr bAkF jgh s� >yAdA pdAT
 TA yA k� C "�/ aEts\GEnt T� EjnkA kArZ b}�A�X k� us

þArEMBk aEt - Ev-tAr ko mAnA jtA h{ EjsEk ccA
 hm aAg� kr�\g� । yhA\ pr is bAt kA Ej� krnA

a(y\t aAv[yk h{ Ek b}�A�X m�\ upE-Tt aEDkA\f pdAT
 us pdAT
 k� !p m�\ jo h{ jo n to EksF

þkAr k� þkAf ko u(pn krtA h{ aOr n hF avfoEft krtA h{ । e�s� pdAT
 ko hm ad� 	y pdAT


kht� h{\ EjskF upE-TEt kA ptA hm� usk� a�y pdATo� pr lgn� vAl� g� !(v þBAv s� cltA h{ ।

g� z(vAkq
Z bl k� kArZ vo "�/ jo aEt -s\GEnt T� , apn� aAs k� pdATo� ko aAkEq
t krn� lg� aOr

b}�A�X m�\ upE-Tt s\rcnAao\ kA jo aAg� clkr aAkAfg\gAy�\ bnF kA EvkAs hon� lgA । smy k�

sAT -sAT pdAT
 s\GEnt hotA gyA aOr g}h -n"/ aOr a�y þ�Ar k� KgolFy EpX aAkAr l�n� lg�

( Ec/ 8 d�EKy� ) ।

(g ) b}�A�X kF u(pEt aOr a\t

aBF tk hm�\ jo BF jAnkrF þAØ h� I h{ usk� an� sAr b}�A�X kF u(pEt lgBg 1370 krow sAl phl�

h� I TF । yh En	kq
 hmArF kI avDArZAao\ pr EnB
r krtA h{ j{s� Ek b}�A�X m�\ koI BF EdfA yA

-TAn Evf�q nhF\ h{ , BOEtk EvâAn k� Enym p� r� b}�A�X m�\ ek j{s� h{\ , aA�I-VAIn kA sAp�E"tA kA

&yApk Es�A�t g� z(v bl kA shF Es�A�t h{ । þ�"Z jo Ebg b{\g LyorF ko p� £ krt� h{\ unm�\ þm� K

h©l Ev-tAr , sFe�mbFaAr kF upE-TEt aOr ap�E"t mA/A m�\ hSk� t(v j{s� hAIX~ ojn aOr hFElym

kF upE-TEt h{ ।

EpCl� sO sAlo\ k� an� Bv s� v{âAEnko\ ko ptA clA h{ Ek b}�A�X m�\ GEVt hon� vAlF sm-t þE�yAao\

kF &yAHyA do alg -alg þkAr k� Es�A\to s� kF jAtF h{ । Ejnm�\ s� þTm ko ÊAEskl aOr E�tFy
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Figure 7: is CAyAEc/ (sO� sA�EVEPk am�Erkn ) m�\ b}�A�X k� þArEMBk iEthAs ko s\E"Ø zp s�

EdKAyA gyA h{ । b}�A�X kF u(pEt k� þTm BAg m�\ b}�A�X k� aEt - (vErt Ev-tAr k� pErZAm-v!p

b}�A�X kA aAkAr jo Ek ek prmAZ� s� BF CoVA TA lgBg lgBg ek mFVr ho gyA । f� ! m�\

a(yEDk tApmAn hon� k� kArZ j{s� hF koI þoV~ An bntA TA , uskA EvGVn ho jAtA TA । ek

mAi�os�k��X k� bAd þoV~ Ano\ kA EbGVn !k gyA । b}�A�X kF um} 100 s�k��X hon� tk hSk� pdAT
 j{s�

·� VFErym , lFTFym aOr hFlFym kF s\rcnA ho gyF TF । tAro\ kF phlF pFYF bnn� k� Ely� b}�A�X

ko 10 krow sAl tk þtF"A krnF pwF । aBF tk sbs� p� rAnF jo aAkAfg\gA hm�\ âAt h{ uskF

um} 50 krow sAl h{ । yhA\ pr is bAt kA u¥�K krnA aAv[yk h{ kF b}�A�X kF um} k� lgBg e�k

lAK sAl hon� tk þoV~ An aOr il�?V~ An m� Ä av-TA m�\ T� Ejsk� kArAZ vo þkAf k� kZo\ (PoVAn )

k� sAT lgAtAr VkrA rh� T� aOr þkAf bh� t d� r tk nhF\ ph� \c sktA TA । jb tApmAn k� C km ho

gyA to þoV~ An aOr il�?V~ An Emlkr prmAZ� bnAn� lg� aOr þkAf k� kZ m� Ä ho gy� Ej�h�\ aAj hm

kA�E-mk mAi�ov�v b{kg}Au�X r�EXy�fn k� !p m�\ jAnt� h{\ । b}�A�X kF vt
mAn um} lgBg 1400 krow

sAl h{ ।

ko ËA\Vm khA jAtA h{ । sAmA�ytyA jo BF þE�yAy�\ km UjA
 aOr bw� -tr pr hotF h{\ , j{s� kF

p�w s� Pl kA EgrnA yA p� LvF kA s� y
 k� cÃr lgAnA , unm�\ hm ÊAEskl Es�A\to kA upyog krt�

h{\ । bh� t aEDk UjA
 aOr km d� rF pr hm�\ ËA\Vm Es�A\to kF aAv[yktA hotF h{ । udAhrZ k� Ely�

prmAZ� ao\ �ArA þkAf kF u(pEt ko smJAn� k� Ely� hm�\ ËA\Vm Es�A\t upyog krn� pwt� h{\ ।

cAr m� lB� t bl , Ejnm�\ s� g� !(v bl e�k h{ , b}�A�X m�\ GEVt hon� vAlF sm-t þE�yAao\ k� Ely�
u�rdAyF h{\ । a�y tFn m� lB� t blo\ ko Eb�� t -c� MbkFy bl 26,"FZ bl 27, aOr sfÄ bl28 kht� h{\
। Eb�� t -c� MbkFy bl un sb un sb þE�yAao\ m�\ BAg l�tA h{ jo prmAZ� ao\ k� m@y GVtF h{\ aOr
Ejnk� pErZAm-v!p rAsAyEnk E�yAy�\ sMpn hotF h{\ । "FZ aOr aOr sfÄ bl prmAZ� k� nAEBk k�
a�dr hon� vAlF þE�yAao\ k� Ely� u�rdAyF hot� h{\ । g� !(v bl ko Cowkr a�y blo\ k� jo Es�A�t
hm jAnt� h{\ unkF þk� Et ËA\Vm h{ aOr g� z(v bl kA Es�A\t (aA�I-VAIn kA sAp�E"tA kA &yApk
Es�A\t ) ÊAEskl h{ । v{âAEnk mAnt� h{\ Ek m� l zp s� sAr� blo\ kF þk� Et ËA\Vm honF cAEhy� । j{s�
Ek Ej� EkyA jA c� kA h{ Ek þArMB m�\ b}�A�X kA tApmAn a(yEDk TA aOr sAr� pdAT
 m� l kZo\ k�
zp m�\ T� aOr e�sF pErE-TEt m�\ ËA\Vm Es�A\�t lAg� hot� h{\ । g� z(v bl koI ËA\Vm Es�A\�t uplND
n hon� s� hm b}�A�X kF u(pEt k� þArEMBk "Zo\ k� bAr� m�\ shF an� mAn nhF\ lgA skt� h{\ । m� lB� t
blo\ kF tFv}tA UjA
 pr EnB
r krtF h{ । b}�A�X k� þArEMBk "Zo\ m�\ sBF blo\ kF tFv}tA eksmAn
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Figure 8: þ-t� t CAyAEc/ (sO� sA�EVEPk am�Erkn ) m� b}�A�X k� iEthAs ek Jlk EdKAyF gyF

G{ । lgBg 800 krow sAl bAd b}�A�X m�\ ad� [y UjA
 kA Gn(v sbs� aEDk hon� k� kArZ b}�A�X

kA Ev-tAr aEt - (vErt gEt s� hon� lgA jo Ek aBF tk cl rhA h{ । hmAr� sOrm\Xl kA j�m

lgBg 900 krow sAl bAd h� aA । lgBg 1500 krow sAl bAd s� y
 kA a�t hon� k� sAT -sAT hmAr�

sOrm\Xl kA -TAEy(v BF B\g ho jAy�gA aOr hmArF aAkAfg\gA kA e�\X~ omFXA nAmk aAkAfg\gA m�\

Evly ho jAy�gA।

TF yA yh BF kh skt� h{\ Ek cAro\ bl ek sF -v!p m�\ T� to >yAdA uEct hog । aBF tk hm
alg -alg þkAr k� blo\ kF &yAHyA alg -alg Es�A\to s� krt� h{\ । b}�A�X kF u(pEt ko jAnn�
k� Ely� hm�\ ek e�s� Es�A\t kF j!rt h{ jo sBF blo\ kF &yAHyA ek sAT kr d� ।

yo\ to hm EnE�t !p s� nhF\ btA skt� h{\ Ek b}�A�X kA a\t k{s� hogA EPr BF uplND aA\kwo k�
aADAr pr hm kh skt� h{\ Ek ad� [y UjA
 k� þBAv k� kArZ b}�A�X k� Ev-tAr kF gEt aOr tFv}
ho jAy�gF । k� C smy bAd b}�A�X kA Ev-tAr itnA aEDk ho jAy�gA Ek hm�\ apnF aAkAfg\gA k�
alAvA aOr koI a�y aAkAfg\gA njr nhF\ aAy�gF । b}�A�X k� BEv	y kA ek s\E"Ø Ec/Z Ec/ 9
m�\ EkyA gyA h{ ।

ad� [y pdAT
 aOr ad� [y UjA
 kF þk� Et ko smJnA aAD� Enk b}�A�X EvâA kF sbs� bwF c� nOEtyA\ h{\
isEly� l�K ko smAØ krn� s� phl� m{\ unk� bAr�\ m�\ k� C aEDk Ev-tAr s� btAnA cAhtA h� \ ।

(G ) ad� [y pdAT
29 aOr ad� [y UjA
30

b}�A�X kF k� l UjA
 kA EsP
 4 þEtft BAg hF us pdAT
 k� kArZ h{ Ejss� g}h , n"/ aOr
aAkAfg\gAy�\ bnF h� I h{\ aOr jo il�?V~ An , þoVAn aOr �y� V~ An s� Emlkr bntA h{ । bAkF 22 þEtft
UjA
 ad� [y pdAT
 k� kArZ aOr 74 þEtft ad� [y UjA
 k� !p m�\ h{ ( Ec/ 10 d�EKy� ) । Èo\Ek ad� [y
pdAT
 n to þkAf ko u(pn kr sktA h{ aOr n hF iss� þBAEvt hotA h{ isEly� hm ad� [y pdAT

ko þ(y" !p s� nhF\ d�K skt� h{\ । ad� [y pdAT
 kF upE-TEt kA ptA hm�\ isk� sAmA�y pdAT
 pr
pwn� vAl� g� z(v þBAv s� cltA h{ । �y� Vn kA g� z(vAkq
Z kA Enym hm�\ btAtA h{ Ek jb BF koI
Ep�X d� sr� Ep�X k� cAro\ aOr cÃr lgAtA h{ (j{s� Ek p� LvF s� y
 k� cAro\ aOr cÃr lgA rhF h{ )
to cÃr lgAn� vAl� Ep�X kA k"Fy v�g us Ep�X k� dý &ymAn EjskA cÃr lgAyA jA rhA h{ aOr
Ep�Xo\ k� bFc kF d� rF pr EnB
r krtA h{ । j{s� -j{s� cÃr lgAn� vAlA Ep�X d� r jAtA h{ usk v�g BF
km hotA jAtA h{ । þ�"Zo\ s� ptA clA h{ Ek tAr� jo aAkAfg\gA k� k��dý k� cAro\ aOr cÃr lgA
rh� h{\ unkA v�g k��dý s� d� rF k� sAT -sAT GVn� k� bjAy bYtA jAtA h{ EjskF &yAHyA krn� k� Ely�
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Figure 9: þ-t� t CAyAEc/ (sO� sA�EVEPk am�Erkn̂ ) m�\ b}�A�X k� BEv	y kF e�k Jlk EdKAyF

gyF h{ । b}�A�X k� a(yEDk Ev-tAr k� kArZ 10 , 000 krow sAl bAd aAkAfg\gAao\ k� bFc kF d� rF

itnF bY jy�gF Ek hm�\ apnF aAkAfg\gA k� alAvA aOr� koI BF aAkAfg\gA EdKAyF nhF\ d�gF ।

ek lAK krow bAd BArF t(vo\ kF aEDktA k� kArZ tAro\ kF um} bh� t km ho jAy�gF । e�k krow

krow sAl bAd sAr� tAr� smAØ ho jAy�\g� aOr a\t m�\ þoV~ Ano\ k� "y k� sAT hF b}�A�X kA BF a\t

ho jAy�gA।

ad� [y pdAT
 kF kSpnA krnF pwF jo aAkAfg\gAyo\ k� bAhrF BAgo\ m�\ þc� rtA s� mOj� d h{ । ad� [y
pdAT
 k� aE-t(v kF p� E£ bh� t sAr� d� sr� þ�"Zo\ s� BF hotF h{ । ad� [y pdAT
 kF þk� Et aBF BF ek
ab� J ph�lF h{ । bh� t sAr� v{âAEnk yh BF mAnt� h{\ Ek yEd hm yh mAn� Ek g� z(vAkq
Z bl k� Enym
m�\ bdlAv s\Bv h{ to hm�\ ad� [y pdAT
 k� aE-t(v kF kSpnA krn� kF koI aAv[yktA nhF\ h{ ।

sAmA�ytyA yh mAnA jAtA h{ Ek g� z(v bl kF þk� Et aAkEq
t krn� vAlF hotF h{ । udAhrZ k� Ely�

yEd hm EksF v-t� ko Upr P�\k� to vh p� LvF k� aAkq
Z k� kArZ nFc� aA jAtF h{ । b}�A�X kF

u(pEt k� t� r\t bAd hon� vAl� aEt - (vErt Ev-tAr 31aOr b}�A�X k� vt
mAn aEt - (vErt Ev-tAr kF

&yAHyA krn� k� Ely� ek e�sF UjA
 Ek kSpnA krnF pwF jo aAkq
Z k� bjAy þEtkq
Z þk� Et vAlA

g� z(v bl u(pn krtF h{ ।

j{s� phl� BF Ej� EkyA gyA h{ Ek b}�A�X k� Ev-tAr kF gEt us þkAr kF UjA
 k� Gn(v pr EnB
r
krtF h{ EjskA Gn(v sbs� aEDk hotA h{ । b}�A�X m�\ mOj� d tFn alg -alg þkAr kF ujA
ao\
(sAmA�y gEtfFl pdAT
 k� kArZ , aEt -gEtfFl pdAT
 k� kArZ aOr ad� [y UjA
 k� kArZ ) kA
Gn(v b}�A�X k� þsAr k� sAt -sAT alg -alg þkAr s� bdln� k� kArZ alg -alg smy pr
alg -alg þkAr kF UjA
 kA Gn(v sbs� aEDk rhtA h{ । udAhrZ k� Ely� vt
mAn m�\ ad� [y UjA

kA Gn(v sbs� aEDk hon� k� kArZ b}�A�X kA Ev-tAr (vErt gEt s� ho rh h{ EjskF p� E£ bh� t sAr�
þ�"Zo\ s� hotF h{ Ejnm�\ s� 1998 m�\ s� prnovA Ev-PoV k� vo þ�"Z mh(vp� Z
 h{\ Ejnk� Ely� þ�"Z krn�
vAlF VFm ko 2011 kA BOEtkF kA nob�l p� r-kAr EdyA gyA ।

sArA\f
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Figure 10: b}�A�X kF EsP
 4 þEtft

UjA
 hF us pdAT
 m�\ EnEht h{ Ejss�

g}h , n"/ aOr aAkAfg\gAy�\ bnF h{\

tTA jo m� l!p s� prmAZ� ao\ s� Emlkr

bntA h{ । ad� [y pdAT
 jo n to þkAf

ko u(pn krtA h{ aOr n hF þkAf s�

þBAEvt hotA h{ b}�A�X kF 22 þEtft

UjA
 k� Ely� u�rdAyF h{ । ad� [y

pdAT
 kF upE-TEt kA ptA hm�\ usk�

sAmA�y pdAT
 pr lgn� vAl� g� z(vFy

þBAv s� cltA h{ । b}�A�X kF 74

þEtft UjA
 ad� [y UjA
 m�\ &yAØ h{

jo b}�A�X k� (vErt Ev-tAr k� Ely�

u�rdAyF h{ । aBF tk hm�\ ad� [y

pdAT
 ad� [y UjA
 kF þk� Et k� bAr� m�\

shF jAnkArF þAØ nhF\ h{ ।

b}�A�X kF u(pEt , EvkAs aOr þk� Et ko smJnA mAnv kF sbs� bwF mh(vkA\"Aao\ m�\ s� ek h{ ।

b}�A�X k� bAr� m�\ hmAr� sBF En	kq
 kI avDArZAao\ pr aADAErt h{\ j{s� Ek BOEtk EvâAn k� Enym ,

Ej�h�\ gEZtFy smFkrZo\ s� þdEf
t EkyA jAtA h{ , sAv
BOEmk zp s� s(y h{\ । is avDArZA s� hm

þyogfAlA m�\ s(yAEpt Eky� h� y� Enymo\ ko b}�A�X k� s� �� r BAgo\ m�\ hon� vAlF BOEtk þE�yAao\ k�

Ely� BF upyog m�\ lA skt� h{\ ।

hm�\ an� Bv s� ptA clA h{ Ek BOEtk EvâAn k� Enymo\ kF apnF sFmAy�\ hotF h{\ । udAhrZ k� Ely�

prmAZ� ao\ k� a�dr il�?V~ Ano\ kF gEt k� Ely� jo Enym lAg� hot� h{\ vo un gEt k� Enymo\ s� Eblk� l

alg h{\ Ej�h�\ hm d{Enk jFvn kF v-t� ao\ k� Ely� upyog m�\ lAt� h{\ । aBF tk hm un EnE�t Enymo\

tk nhF\ ph� \c� h\ jo hm�\ b}�A�X kF u(pEt ko smJn� m�\ mdd kr�\ ।

hm yh mAnkr clt� h{\ Ek b}�A�X m�\ hmArA koI EvEf£ -TAn nhF\ h{ bAbj� d isk� Ek aBF tk hm�\

b}�A�X m�\ koI itnF an� k� l jgh nhF\ EmlF EjtnF hmArF p� LvF h{ । b}�A�X k� -v!p ko EnDA
Ert

krn� m�\ BOEtk EvâAn k� Enym , d�f -kAl kF EvmAy�\ aOr m� l BOEtk rAEfyo\ j{s� m� l -kZo\ k�

dý &ymAn , EbEBà þkAr kF UjA
ao\ kA Gn(v i(yAEd mh(vp� Z
 B� EmkA EnBAt� h{\ । aBF tk hm yh

nhF\ smJ pAy�\ h{\ Ek inkA mAn k{s� EnDA
Ert hotA h{ । bh� t s� BOEtk EnytA\ko kA mAn yEd unk�

vt
mAn mAn s� TowA BF alg hotA to p� LvF pr jFvn s\Bv hF nhF\ hotA ।

b}�A�X ko smJn� k� Ely� EjtnA j!rF yh jAnnA h{ Ek aAkAfg\gAy�\ aOr unk� sm� h Eks þkAr

kF gEt kr rh� h{\ utnA hF j!rF yh jAnA BF h{ Ek aEt -s� #m -tr pr d�f -kAl aOr pdAT
 kF

m� l þk� Et k{sF h{ । k� C v{âAEnk e�s� BF mAnt� h{\ Ek aEt -s� #m -tr pr sAr� m� l kZ k� C t\t� ao\ s�

Emlkr bn� hot� h{\ । is Es�A\t ko t\t� - Es�A\t32 kht� h{\ । yo\ to t\t� Es�A\t kA upyog krk� bh� t

sArF jEVl ph�Elyo\ ko s� lJAyA jA sktA h{ l�Ekn isk� Ely� hm�\ yh mAnn� kF j!rt hotF h{ Ek

b}�A�X m�\ tFn s� aEDk "�/Fy EvmAy�\ h{\ jo aEt -s� #m hon� k� kArZ EdKAyF nhF\ d�tF h{\ ।
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yhA\ pr is bAt kA u¥�K krnA aAv[yk h{ Ek b}�A�X kA iEthAs p� LvF pr jFvn k� iEthAs k� sAT

j� wA h� aA h{ । jFvn kF u(pEt k� Ely� EvEf£ BOEtk pErE-TEtyo\ aOr rAsAyEnk t(vo\ kF aAv[yktA

hotF h{ । j{s� Ek phl� BF Ej� EkyA jA c� kA h{ Ek BArF m� l t(vo\ j{s� Ek kAb
n , pOV�Efym , lohA

i(yAEd kF s\rcnA tAro\ k� bnn� k� sAT f� ! h� I । uEct rAsAyEnk t(vo\ k� sAT -sAT , sOrm\Xl

kA EnmA
Z aOr an� k� l BOEtk pErE-TEtyA\ BF jFvn k� aEvBA
v k� Ely� aAv[yk TF । EpCl� k� C

dfko\ kF Kojo\ s� ptA clA h{ Ek p� LvF pr srl jFvn (ek koEfkFy jFv ) kF s\rcnA kAPF

phl� ho gyF TF l�Ekn jEVl jFvn kA þAd� BA
v hon� k� Ely� kAPF smy lg gyA । p� LvF pr jo

BF jFvn hm d�Kt� h{\ usk� s\cAln k� Ely� do þkAr k� aZ� ao\ Ej�h�\ hm þoVFn aOr �y� EÊk e�EsX

kht� h{\ kF aAv[yktA hotF h{ । phl� þkAr k� aZ� jo amFno e�EsX s� Emlkr bnt� h{ p� LvF pr

jFvn kF aADArB� t ikAI mAn� jA skt� h{\ । d� sr� þkAr k� aZ� Ej�h�\ hm �y� EÊk e�EsX kht� h{\ us

EvEf£ s� cnA k� s\g}hZ k� Ely� aAv[yk hot� h{\ jo v\fAn� gt hotF h{ । þoVFn aOr �y� EÊk e�EsX k�

aZ� bh� t asAnF s� EvGEVt ho jAt� h{\ aOr þk� Et m�\ unkA apn� aAp bnnA a(y\t m� E[kl þE�yA h{

। sn 1952 m�\ am�ErkF jFv v{âAEnk -V�nl� Emlr n� þyog krk� btAyA Ek uEct BOEtk pErE-Tyo\

kF upE-TEt m�\ srl t(vo\ s� jEVl t(vo\ kF s\rcnA s\Bv h{ । yo\ to Emlr k� þyog m�\ Ejn t(vo\

kA EnmA
Z h� aA v� þoVFn aOr �y� EÊk e�EsX s� kAPF km jEVl T� EPr BF is e�EthAEsk þyog ko

jFvn kF u(pEt smJn� m�\ ek mFl kA p(Tr mAnA jAtA h{ । bh� t sAr� v{âAEnk yh BF mAnt� h{\ Ek

p� LvF pr jFvn kA þAd� BA
v EksF a�y g}h s� h� aA l�Ekn aBF is bAr� m�\ EnE�t !p s� k� C nhF\

khA jA sktA h{ । EpCl� k� C sAlo\ kF Kojo\ s� yh BF ptA clA h{ Ek jFvn ko hm EjtnA d� l
B

mAnt� h{\ yh utnA h{ nhF\ । p� LvF pr hF a(y\t Evqm pErE-Tyo\ m� jFvn kF upE-TEt n� p� LvF s�

bAhr jFvn kF upE-TEt k� þEt v{âAEnko\ ko aAfAE�vt kr EdyA h{ ।

þ-t� t l�K m�\ aAD� Enk b}�A�X EvâAn k� k� C m� Hy Evqyo\ kF ccA
 kF gyF h{ । is l�K kA m� Hy

u��[y pAWko\ ko b}�A�X s� s\bEDt un tLyo\ s� avgt krAnA TA EjnkF jAnkArF hm�\ EpCl� sO

sAlo\ m�\ h� I h{ । yo\ to aAj hm b}�A�X k� bAr� m�\ bh� t k� C jAnt� h{\ j{s� Ek b}�A�X kF um} , Ev-tAr

aOr s\rcnA EPr BF bh� t sF bAt�\ aBF BF rh-y bnF h� I h{\ unm�\ s� ad� [y pdAT
 aOr ad� [y pdAT


kF þk� Et þm� K h{\ । hmArA aEDkA\f âAn us pA\c þEtst pdAT
 s� s\bEDt h{ Ejss� g}h , n"/ aOr

aAkAfg\gAy�\ bnF h� I h{\ ।

b}�A�X kF u(pEt aOr EvkAs ko p� rF trh smJn� k� Ely� hm�\ þ�"Zo\ k� sAT -sAT d�f -kAl aOr

pdAT
 kF þk� Et ko m� ltm -tr pr jAnn� kF j!rt h{ aOr isk� Ely� d� EnyA k� sm-t v{âAEnk

þyAsrt h{\ ।

Notes

1Telescopes

2Planets

3spacecraft
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4solar system

5galaxy

6Milky Way

7Stars

8cosmology

9 cosmological principle

10mass

11General theory of relativity

12 space-time

13static

14Observers

15dynamic

16escape velocity

17dimesnions

18fundamental level

19structure

20properties

21atoms

22indivisible

23 fundamental particles

24frequency

25wavelength

26electromagnetic force

27weak force

28strong force

29Dark Matter

30Dark Energy

31Inflation

32string theory


