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e"ldsf 

lzIfssf] lg/Gt/ k];fut ljsf;af6 g} k|efjsf/L lzIf0f l;sfO Joj:yfkg ug{ ;lsG5 . ;du| 
z}lIfs sfo{qmdsf] s]Gb| ljGb' afns xf] . ;Dk"0f{ k|of;x¿nfO{ ljBfno / sIffsf]7fdf k|ltlalDat 
u/fO{ ck]lIft pknlAw xfl;n u/fpg] k|d'v dfgjLo zlQm lzIfs xf] . To;}n] lzIfssf] k];fut 
ljsf; Ps dxŒjk"0f{ kIf xf] .  
 
lzIfssf] lg/Gt/ k];fut ljsf;sf] sfo{qmdnfO{ ;'lglZrt ug{ z}lIfs hgzlQm ljsf; s]Gb|n] b; 
lbg] cfjZostfdf cfwfl/t df]8'n/ tflnd sfo{qmd ;~rfng u/]sf] 5 . of] sfo{qmd xfn;Dds} 
;a}eGbf a9L ljs]Gb|Lt / :yfgLos/0f (Decentralized and localized) ul/Psf] lzIfs ljsf; 
sfo{qmd xf] . ;|f]ts]Gb| txdf cfwfl/t k|:t't tflnd df]8fln6Laf6 lzIfs k];fut ;xof]u sfo{qmd 
a9L ;fGble{s x'gsf] ;fy} lzIfssf jf:tljs cfjZostf / ;d:ofdf s]lGb|t x'g] ck]Iff ul/Psf] 5 .  
 
lzIfssf] k];fut ljsf; ;~rfng ug]{ s]Gb|x¿ (Training Hub) sf] Ifdtf ljsf; ug{ ljleGg 
k|sf/sf] ;xfotf sfo{qmd ;~rfngdf NofOPsf] 5 . oLdWo] k|ToIf df]8df cfwfl/t k|lzIfs–k|lzIf0f 
sfo{qmd, s]Gb| tyf If]qLo txaf6 :ynut ;xfotf / ;fdu|L ;xof]u k|d'v x'g . ;fdu|L ;xof]u 
cGtu{t x/]s jif{ z}lIfs hgzlQm ljsf; s]Gb|n] k|To]s tflnd xj;Dd k'Ug] u/L ;|f]t;fdu|L tyf 
df]8\o'n ;fdu|L pTkfbg u/L ljt/0f ug]{ Joj:yf /xL cfPsf] 5 . tflnd xjdf sfo{/t k|lzIfs / 
/f]:6/ k|lzIfsx¿sf nflu ;Gbe{ ;fdu|Lsf] ¿kdf k|:t't k':tsn] dbt ug]{ 5 eGg] ck]Iff ul/Psf]   
5 .  
 
 
z}lIfs hgzlQm ljsf; s]Gb| 
;fgf]l7dL, eQmk'/ 
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ef}lts lj1fg 

u'?Tjfsif{0fsf] tLj|tf (Gravitational Intensity) 

Go'6gsf] u'?Tjfsif{0fsf] lgodfg';f/ a|Dxf08sf k|To]s j:t'x¿ aLr Psfk;df u'?Tjfsif{0f an 

ljBdfg /xG5 . o; cg';f/ 'R'  b'/Ldf /x]sf s'g} b'O{ lk08x¿sf] aLrsf] u'?Tjfsif{0f an 

F =  GMm/ R
2
  x'G5 egL k|ltkfbg ePsf] 5 . oxf“ u'?Tjfsif{0fsf] tLj|tf (Gravitaional Intensity-

I) eGgfn] s'g} lk08 ePsf] j:t'n] csf]{ s'g} lk08 M  ePsf] a:t'dfly cfk\mgf] u'?Tjfsif{0f If]q leq 
cg'ej ug]{ annfO{ hgfp“b5 . o;nfO{ ;lds/0fdf I = GM/ r

2
  ……(i)  n]lvG5 . hxf“ r  eg]sf] 

b'O{ lk08x¿ aLrsf]b'/L xf] eGg] a'lemG5 .  

u'?Tjfsif{0fsf] lgodn] kl/eflift u/] e}+m s'g} klg b'O{ j:t'x¿ aLr u'?Tjfsif{0f an pTkGg x'g] 
x'G5 . u'?Tjfsif{0fsf] tLj|tfn] tL b'O{ j:t' dWo] Pp6fsf] If]qleq csf]{ lk08n] cfsif{0f ann] ug]{ 

;Ddsf] c;/nfO{ a'emfp“5 . SI  o'lg6df u'?Tjfsif{0fsf] tLj|tfnfO{ NKg
-1

 x'G5 .  

u'?Tjfsif{0fsf] tLj|tf Pp6f j:t'df cg'ej ePsf] csf]{ lk08af6 c;/ kfl/Psf] u'?Tjfsif{0fsf] k|efj 
xf] . o;n] pSt j:t'sf] lk08sf] cfsf/ cg';f/ tLj|tf ;d]t j[l4 x'G5 eGg] hgfp“b5 . olb k[YjLsf] 

s'g} :yfgdf jf s'g} prfOdf csf]{ lk08 /flvPsf] 5 eg] k[YjLsf] sf/0faf6 pTkGg ePsf] 
u'?Tjfsif{0f ann] k|efj kf/]sf] sf/0faf6 pTkGg ePsf] u'?Tjfsif{0f ann] k|efj kf/]sf] cfwf/df g} 
tLj|tf lgwf{/0f x'G5 . k[YjLsf] s]Gb|b]lv pSt j:t';Ddsf] b'/L / k[YjLsf] lk08 g} pSt tLj|tfsf] 
lgwf{/s x'g\ . o;nfO{ :ki6 kfg{ Go'6gsf] u'?Tjfsif{0fsf] lgodsf] cfwf/ lng'kb{5 . of] tLj|tf h'g 

j:t'sf] u'?Tjfsif{0f ansf] lbzf cyf{t pSt j:t'sf] s]Gb| tk{m x'G5 . To;}n] o;nfO{ Vector 

quantity ;d]t dflgG5 . s'g} lk08 M sf] u'?Tjs]Gb| R  dfgf}+, lk08 m  ePsf] lk08sf] u'?Tjfsif{0f 
tLj|tfsf] u'0fg ubf{, Go'6gsf] ;'q cg';f/,  

u'?Tjfsif{0f an    F = GMm/ R
2
   

u'?Tjfsif{0f tLj|tf  I=F/m = GMm/R
2
m =GM/R

2
=g [∵ mg= GMm/ R

2
 or g=GM/ R

2
]

 
 

olb k[YjL / s'g} j:t'sf] aLrdf u'?Tjfsif{0f tLj|tf u'0fgf ul/G5 eg], pSt :yfgdf u'?Tj k|j]u hlt 
g} To; j:t'sf] u'?Tj tLj|tf x'G5 . rGb|dfsf] ;txdf k[YjLsf] ;txsf] eGbf !÷^ efu u'?Tj k|j]u 

ePsf] x'“bf rGb|dfsf] ;txdf s'g} j:t'sf] u'?Tjfsif{0f tLj|tf k[YjLsf] ;txsf] eGbf !÷^ efu dfq 
x'G5 .  

b'/L (Distance) 

s'g} b'O{ laGb' aLrsf] 6f9fkg jf km/s hgfpg] ef}lts kl/df0fnfO{ b"/L elgG5 . s'g} lglZrt 
ljGb'af6 s'g} j:t'n] hlt nDafO kf/ ub{5, Tof] g} b'/L xf] . of] slxNo} C0ffTds x'“b}g / lbzf 
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lglZrt x'“b}g . t/ lj:yfkg (Displacement) n] lbzf / dfqf b'j} k|ltlglwTj u5{ . b'/L kf/ u/]/ 
klg lj:yfkg z'Go x'g ;Sb5 . s'g} j:t' A af6 B ;Dd k'Ubf o;n] kf/ ug]{ b'/L km/s x'g 
;Sb5g\ . A af6 Q x'“b} B ;Dd k'Ug] distance klg xf] / displacement  klg xf] . t/ A af6 P x'“b} 

Q ;Dd k'Ug' eg]sf] b'/L dfq hgfp“5, lj:yfkg x'g ;Sb}g . A af6 b'/L kf/ ub}{ Q af6 B ;Dd k'u]/ 
k]ml/ A df l:y/ x'G5 eg] o;sf] lj:yfkg = 0 x'G5 eg] o;n] kf/ u/]sf] b'/L = AB+BA=2AB  
x'G5 . ljBfyL{nfO{ b'/Lsf] wf/0ff lb+bf lbzf;lxtsf] ef}lts kl/df0f eg]/ atfpg h?/L 5 .  

 

 

 

 

:jtGq v;fO{ (Free fall) 

k[YjLn] j:t'x¿nfO{ cfk\mgf] s]Gb|lt/ tflg/fv]sf] x'G5 . k[YjLsf] of] annfO{ u'?Tjan elgG5 . j:t'sf] 

lk08 (mass) df nfUg] u'?TjannfO{ ;f] j:t'sf] tf}n elgG5 . t;y{ j:t'sf] tf}n g} ;f] j:t'df 
nfu]sf] u'?Tj an xf] . j:t'nfO{ cUnf] 7fp“af6 v;fp“bf u'?Tjann] ubf{ ;f] j:t'df k|j]u 
(acceleration) pTkGg x'G5 . o;nfO{ 'g' n] hgfOG5 . o; k|j]unfO{ :jtGq v;fOsf] k|j]u 

(acceleration of free fall)  klg elgG5 . 'g' sf] dfg 9.8m/s/s cyf{t sl/j 10m/s/s x'G5 . s'g} 
klg j:t' tnlt/ v:bf 9.8m/s/s sf] k|j]udf v;]df ;f] j:t'df k[YjLsf] u'?Tjanafx]s cGo ansf] 
c;/ x'“b}g . o; cj:yfsf] j:tsf] v;fOnfO{ :jtGq v;fO{ (Free fall) elgG5 . t;y{ u|xx¿sf] 
cfk\mgf] u'?Tjanafx]s cGo s'g} klg ansf] c;/ ljgf j:t'sf] v;fOnfO{ :jtGq v;fO{ elgG5 . 

k[YjLdf j:t'sf] :jtGq v;fO x'gsf nflu lgDg lnlvt b'O{cf]6f cj:yf x'g'kb{5 . j:t'sf] :jtGq 
v;fOdf xfjfsf] cj/f]w 

x'g'x'“b}g .  

 

 

 

 

P 

A 

B 

Q 
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Astronaut Marsha Ivins 

demonstrates the effect of 

weightlessness on long hair 

during STS 98 

j:t' v:bf 9.8 m/s/s cyf{t 10 m/s/s sf] 
k|j]udf ;f] j:t' k[YjLsf] ;txlt/ v;]sf] 
x'g'kb{5 . s'g} 5f]6f] b'/L (short distance) 

af6 ux|f}+ j:t' v;fp“bf pSt cj:yfdf 
xfjfsf] cj/f]w guGo x'g] ePsf]n] o:tf] 
v;fO :jtGq v;fO x'G5 . aGhL hlDkª, 
cGtl/If ofgsf] kl/qmdf cflb :jtGq 
v;fOsf pbfx/0fx¿ x'g .  

rGb|dfdf xfjf gx'g] ePsf]n] rGb|dfdf x'g] 
v;fO :jtGq v;fO x'G5 .  

lqmofsnfk 

Pp6f ldg/n af]tn lng'xf];\ . af]tnsf] lk“weGbf s]xL dfly Pp6f Kjfn kfg'{xf];\ . xftsf] cf}+nf jf 
s]xL j:t'n] KjfnnfO{ aGb u/L kfgL eg'{xf];\ . pSt af]tnnfO{ s'g} cUnf] 7fp“ -ljBfnosf] 5t, 
j/G8f cflb_ df lnP/ hfg'xf];\ / Kjfn vf]n]/ b]vfpg'xf];\ . Kjfnaf6 kfgL aflx/ lg:sG5 . ca 
pSt af]tnnfO{ tn v;fpg'xf];\ . af]tn vl;/x]sf] cj:yfdf klxn]h:t} Kjfnaf6 kfgL aflx/ 
cfp“5÷cfp“b}g cjnf]sg ug{ nufpg'xf];\ . sf/0faf/] 5nkmn ug'{xf];\ .  

af]tn v;fNbf kfgL / af]tn b'a} ;dfg k|j]udf tn ;5{g h:n] ubf{ b'a} :jtGq v;fOdf x'G5g\ h:n] 
ubf{ Kjfnaf6 kfgL aflx/ cfp“b}g .  

tf}n ljlxgtf (Weightlessness) 

s'g} klg j:t'sf] tf}n ;f] j:t'sf] lk08df (mass) df nfUg] 
u'?Tj an xf] . ul0flto ?kdf j:t'sf] lk08 (m) / ;f] j:t'df 
nfUg] u'?Tjann] ubf{ x'g] k|u]u 'g' sf] u'0fgkmn xf] . t;y{ 
j:t'sf] tf}n (w) = m x g x'G5 . s'g} Ps j:t' csf]{ s'g} csf]{ 
j:t'sf] ;xfotfdf c8]sf] cj:yfdf ;f] j:t'sf] tf}n gflkG5 . 
h:t} s'g} j:t' sdfgL t/fh'df e'm08fp“bf ;f] j:t' sdfgL 
t/fh'sf] ;xfotfn] cl8Psf] x'G5 / ;f] j:t'nfO{ u'?Tjann] 
tnlt/ tfgf]sf] x'G5 . h;n] ubf{ sdfgL t/fh'n] b]vfp“b5 . 
xfdL xfd|f] tf}n lng tf}n gfKg] oGqnfO{ hldg jf s'g} s';L{, 
6]jndf /fVb5f} / xfdL oGqdfly pleG5f}+ . u'?Tjann] 
xfdLnfO{ tnlt/ tfGb5 / tf}n gfKg] oGqn] xfd|f] tf}n 
b]vfp“b5 .  

http://en.wikipedia.org/wiki/Marsha_Ivins
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olb j:t' cfpg] cfwf/ (support)  nfO{ PSsf;L x6fPdf 
;f] j:t'sf] :jtGq v;fO x'G5 / ;f] j:t'sf] tf}n 
(Appearance weight) gePsf] (weightless) x'G5 . 
o;sf] cy{ j:t'sf] tf}n g} gx'g] xf]Og . o;/L j:t'sf] 
:jtGq v;fO ePsf] cj:yfdf j:t'sf] tf}n gePsf] 
cg'ej x'g'nfO{ j:t'sf] tf}nljlxgtf (weightlessness)  
elgG5 .  

cGtl/Ifofg k[YjL jl/k/L ;dfg prfOdf /x]/ ;s'{n/ 
df];g (circular motion ) df 3'ld/x“bf ofg leq /x]sf 
j:t' / cGtl/IfofqLx¿ :jtGq v;fOdf /x]sf] x'G5g\ . 
To;}n] pgLx¿n] tf}n gePsf] dx;'; ub{5g\ . ofg 
leqsf j:t'nfO{ :k|LªAofn]G;df /fVbf z'Go tf}n 
b]vfp“b5 lsgeg] j:t'n] l:k|ªAofn]G;df ansf c;/ 
kb}{g . h:t} /f]n/ sf]:6/, /f]6]lkª v]Nbf, xjfOhxfhdf 
PSsf;L tn ;bf{ xfdL tf}nljlxgtfsf] cj:yfdf x'G5f}+ .  

j:t' tf}n ljlxgtfsf] cj:yfdf x'gsf nflu pSt j:t' 
:jtGq v;fO{df /x]sf] x'g'kb{5 .  

 

 

 

 

 

 

 

 

 

Astronauts on the International Space Station display an example of weightlessness. 

Candle flame in orbital conditions 

(right) versus on Earth (left) 

 

http://en.wikipedia.org/wiki/International_Space_Station
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lqmofsnfk 

Pp6f l:k|ªAofn]G;df Pp6f 9'ª\uf e'mG8\ofg'xf];\ . l:k|ªAofn]G;sf] ;'rfª\s sxf“ 5 cjnf]sg 
ug'{xf];\ . l:k|ªAofn]G;nfO{ s]xL prfOaf6 tn 5f]8\g'xf];\ . l:k|ª tn eml//x]sf] cj:yfdf 
l:k|ªAofn]G;sf] ;'rfª\s s'g cj:yfdf 5 cjnf]sg ug'{xf];\ . l:k|ªAofn]G;nfO{ 5f]8\bf 9'ª\uf / 
l:k|ªAofn]G;df k[YjLsf] u'?Tjann] x'g] k|j]u ;dfg x'G5 / b'a} Pp6} k|j]udf :jtGq ?kn] tnlt/ 
v:b5 . 9'ª\ufsf] ansf] c;/ l:k|ªAofn]G;df nfUb}g . To;}n] l:k|ªAofn]G;sf] ;'rfª\s z'Godf 
/xG5 . o;sf] cy{ 9'ª\ufsf] tf}n gePsf] cg'ej x'G5 . cyf{t 9'ª\uf tf}n ljlxg cj:yfdf x'G5 .  
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3f]8sfsf] 6fk cfsf/sf] 

r''Das 
leqsf] ljB'tLo r'Das 

df]6/, jfOl;sn 8fOgfdf] / 6«fG;km/d/ 

-s_  On]lS6«s df]6/ (Electric motors) 

 df]6/ c;/sf cfwf/df ljB't zlQmnfO{ oflGqs zlQmdf ?kfGt/0f ug]{ pksf/0fnfO{ df]6/ 
elgG5 . r'DasLo If]qdf /x]sf] tf/df ljB't k|jfx x'“bf pQm tf/df rfn pTkGg x'G5 h;nfO{ 
df]6/ c;/ -Motor Effect_ elgG5 . oxL df]6/ c;/sf cfwf/df ljB't zlQmnfO{ ult 
zlQmdf ?kfGt/ ul/Psf] x'G5 . ljB't k|jfxaf6 ;~rfng x'g] ;fgf ;fgf d]zLgx¿sf] 
;~rfngb]lv 7"nf 7"nf sf/vfgf ;~rfng x'g] sfo{ oxL l;4fGtdf cffwfl/t x'G5 . ljB't 
pkkfbgsf] l;4fGtsf] l;4fGtsf cfwf/df df]6/ ;~rfng x'g] ub{5 .  

 ljB'tsf] pTkfbg x'g] t/ª\usf] lbzfsf] cfwf/df o;nfO{ b'O{ k|sf/df ljefhg ul/Psf] x'G5 . 
Pp6f l8 ;L df]6/ (Direct Curent (DC) Motor) / csf]{ P ;L (AC) df]6/ (Alternationg 

Current (AC) motor) xf] . oxf“ oL b'j} k|sf/sf df]6/sf] sfo{ ;~rfng k|lqmosf] af/]df 
5f]6s/Ldf pNn]v ul/Psf] 5 .  

 l8;L df]6/  

 Pp6f ;fwf/0f l8 ;L df]6/n] s;/L sfo{ ug{ ;S5 eGg] 
af/]df tnsf] ;fwf/0f lrq / sfo{ k|lqmofn] :ki6 kfb{5 . 
ljB'tLo df]6/sf nflu ljB't r'Das Pp6f cfwf/e"t 
pks/0f xf] . tnsf] lrqdf b]vfP em}+ Pp6f r'DasLo 
j:t'sf] jl/kl/ ;'rfns tf/sf] !)) kmGsf tf/ 3'dfOPsf] 
5 . o;nfO{ r'Dassf] ?kdf ?kfGt/0f ug{ Pp6f Aof6«Lsf] 
wgfTds / C0ffTds w'a| lt/ tf/sf b'O{ 5]px¿ hf]l8Psf] 

5 . of] ljB'tLo r'DasnfO{ 3f]8fsf] 6fk cfsf/sf] 
r'Dassf] aLrdf /flvPsf] 5 . lsnfnfO{ :jtGq ?kdf 
3'Dg ;Sg] u/L /fVg] Joj:yf ldnfOPsf]   x'G5 .  olt 
a]nf ljB'tLo r'Dassf] pQ/L w'|a aGg k'u]sf] lsnfsf] 
5]pnfO{ 7"nf] r'Dassf] pQ/L w'|an] ljsif{0f u5{ / blIf0fL 
w'|anfO{ cfsif{0f ubf{  of] k/ ws]lng vf]H5 / cfwf kmGsf] nufpg vf]H5 . To;}u/L blIf0fL 
w'|jsf] nflu klg pxL k|lqmof ;'? x'G5 . o;/L ljB'tLo r'Dassf] ?kdf /x]sf] lsnfn] cfwf 
kmGsf] nufp“5 / tnsf] l:yltdf cfO{k'U5 .  

 ha lsnfn] cfwf kmGsf] nufPsf] x'G5, ljB't r'Dassf] r'DasLo If]q kl/jt{g x'G5 . ha 
r'DaLo If]q kl/jt{g x'G5, ljB'tLo r'Dassf] w|'j kl/jt{g x'G5 . o;n] cl3s} k|lqmof 
bf]xf]l/G5 / lsnfn] km]/L cfwf rqm kmGsf] dfb{5 . of] k|lqmof bf]xf]l//x“bf ljB't df]6/ :jtGq 
?kn] cfkm\gf] cIfdf 3'ld/xG5 . of] ;fdGo l;4fGtsf cfwf/df On]lS6«s df]6/n] sfo{ ub{5 . 
of] rfnsf sf/0fn] ljleGg k|sf/sf oGqx¿sf efu rflxPsf rfndf NofOG5g\ / sfo{ 
ul/G5 .   
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 Jojxfl/s ?kdf sfddf k|of]u ul/g] l8;L df]6/df d'Votof lgDg ^ cf]6f efux¿ /x]sf 
x'G5g\ .  

 Armature or rotor  Commutator 

 Brushes  Axle 

 Field magnet  DC power supply of some sort 

 oL ^ k|sf/sf efux¿sf] ;+o'Qm sfo{ ;~rfng k|lqofaf6 df]6/n] sfo{ u/]sf] x'G5 . SjfOndf 
b'O{ cf]6f a|;sf dfWodaf6 ljB't k7fOG5 h;sf] 3]/f v'nf /flvPsf] x'G5 . oL SjfOnnfO{ 
r'DasLo If]qsf] aLr lt/ kg]{ u/L /flvPsf] x'G5 . SjfOndf k7fOPsf] ljB'tsf] sf/0fn] 
To;df Ps k|sf/sf] an -Torque_ pTkg u/fp“5 . o;n] ug]{ sfo{ k|lqmof / agfj6sf] 9f“rf 
tn lrqdf k|:t't ul/Psf] 5 M 
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 L nDafO ePsf] / ljB't  

 s/]G6 i k|jflxt ePsf] / B r'DasLo If]q ePsf] 
tf/df pTkGg ePsf] an F = iLB* B / i sf] 
sf]0fsf] sine ;“u a/fa/ x'G5 . of] sf]0f Ps 
;dsf]0f a/fa/ x'G5 olb tL r'DaLo If]qx¿ Ps 
csf{df pWj{t/ ?kdf /x]sf x'G5g\ . o;df 
pTkGg ePsf] an F sf] lbzf km\n]ldª\sf] bflxg] 
xftsf] lgoddf cfwfl/t x'G5 . of] lgodn] 
pkkflbt ljB'tsf] lbzf kQf nufpg bfof“ 
xftsf tLgcf]6f cf}+nfx¿åf/f k|bz{g ub{5 . o; 
cg';f/ bflxg] xftsf] a'9L cf}+nfn] tf/sf] rfn / 
rf]/ cf}+nfn] r'DasLo an/]vfsf] lbzf ;ª\s]t ub{5 eg] dfemL cf}+nfn] ljB't\ axg] lbzf 
;ª\s]t ub{5 .  

 o;/L ljB't\ k|jfx u/fp“bf r'DasLo If]q / ljB'tLo If]qaLr cGt/lqmof x'“bf SjfOn l:y/ eP 
r'Das rfndf / r'Das l:y/ eP SjfOn rfndf x'g] k|lqmofaf6 d]zLg cyjf oGq 
;~rfngdf cfp“b5 . ljB't zlQmnfO{ ultzlQmdf kl/jt{g ug]{ cfwf/e"t l;4fGtdf df]6/ 
;~rfng x'G5 . SjfOnnfO{ låw|'jLo r'Dassf] ?kdf lng ;lsG5 . dflysf] lrqdf Pp6f 
On]S6«f] r'DasnfO{ SN n] b]vfOPsf] 5, bflxg] xftsf] rf]/ cf}+nfn] ljB't s/]G6sf] lbzf 
b]vfp“5, a'9L cf}+nfn] pQ/L w|'j b]vfp“5 . ljB'tn] agfPsf] On]6«f]DofUg]6 r'Das g} :yfoL 
r'Dassf] ?kdf sfo{ ub{5 . pQ/L w'|jn] blIf0fL w|'jnfO{ cfsif{0f ubf{ lg:s]sf] an (Torque) 
g} s]Gb|df /x]sf] r'Dasdf nfu]sf] h:tf] efg kb{5 . dflysf] lrqdf b]vfPsf] Brush sf] k|efj 
s:tf] kb{5 egL ljZn]if0f ubf{ ha 3'ld/x]sf] SjfOnsf] ;tx lIftLlho x'G5, ta Brushes sf] 
hf]8fO 6'6\g hfG5 . o;n] ubf{ r'DasnfO{ ljkl/t lbzfdf 3'dfOlbG5 h;n] r'Dassf klg 
w'|j|Lo cj:yf kl/jt{g ul/lbG5 . o;n] Ps kmGsf] dfg{ ;xof]u k'/\ofp“5 / pxL k|lqmof 
bf]xf]l/“bf nuftf/ rfndf cfp“5 .  

 df]6/sf] af/]df lzIf0f ubf{ r'DasLo pkkfbg, r'DasLo an /]vf, r'DasLo km\NS;, ljB'tLo 
If]q cflbsf af/]df ljBfyL{df k"j{1fg eP gePsf] af/]df osLg x'g kb{5 . pgLx¿nfO{ o; 
af/]df hfgsf/L gePsf] eP ;f] s'/f ;DaGwL lbg' wf/0f lbg' kb{5 . To;sf af/]df ;fwf/0f 
hfgsf/L lbg Pp6f ;fdGo k|of]u u/]/ b]vfpg' kb{5 . ljifo j:t'df k|:t't ul/Psf] lrqdf em}+ 
;fdfGo k|of]u u/]/ ljBfyL{nfO{ l;sfpg ;lsG5 . olb ljBfnodf k|of]udf cfPsf k'/fgf 
df]6/x¿ 5g\ eg] ltgLx¿sf] leqL efu vf]n]/ r'Dassf] efu, SjfOn / Toxf“ pTkfbg x'g] 
r'DasLo If]q / r'DasLo an /]vfsf] k|j[lQ af/]df atfpg nufpg] / geP atfOlbg] ;d]t 
ug'{ kb{5 . ljifo j:t'df k|:t't ul/Psf lrqx¿sf] lj:t[lts/0f u/]/ atfpg' kb{5 .  
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-v_  jfOl;sn 8fOgfdf] 

 8fOgfdf] jf:tjdf u|Ls zAb dynamis af6 cfPsf] xf] h;sf] zflAbs cy{ æzlQmÆ eGg] 
a'lemG5 . csf]{ zAbdf o;nfO{ h]g]/]6/ klg elgG5 . of] h]g]/]6/n] ;fdGotof Direct Current 
pTkfbg ub{5 . cf}Bf]lus o'usf] ;'?df k|of]udf cfPsf On]lS6«s h]g]/]6/ g} xfnsf cfw'lgs 
h]g]/]6/sf cfwf/ x'g\ .  

 On]lS6«s df]6/ dfOsn km]/f8]sf] ljB't pkkfbgsf] l;4fGtdf cfwfl/t eP/ ljB't pTkfbg 
ug]{ pks/0f xf] . s'g} Pp6f aGb ljB't kl/ky;“u ;DalGwt r'DasLo km\NS; -Magnetic 

flux_ kl/atg{g u/fp“bf To; kl/kydf On]S6«f]df]l6e kmf];{ pTkfbg eO{ ljB't pTkGg x'g 
k'Ub5 eGg] l;4fGtdf o;sf] lgdf{0f ePsf] x'G5 . r'DasLo If]qsf aLrdf ;'rfns tf/ 
rfndf Nofp“bf ljB't x'G5 . o;sf] cfwf/df 8fOgfdf] jf h]g]/6/n] sfo{ ub{5 . 
jfO;fOsnsf] kfª\u|fdf h8fg ul/Psf] 8fOgfdf]nfO{ xa 8fOgfdf] elgG5 . 

 h]g]/]6/ oflGqs zlQmnfO{ ljB't zlQmdf ?kfGt/ ug]{ pkof]uL pks/0f xf] . ha h]g]/]6/df 
afXo zlQmaf6 tLa| ultdf 6jf{Og 3'dfOG5, ta o;df /x]sf] ljB't r'Das ;lxtsf] /f]6/ 
3'D5 . /f]6/ 3'Dbf r'DasLo If]q klg 3'Dg] x'“bf r'DasLo an/]]vfx¿ sfl6G5g\ / o;sf] 
c;/af6 SjfOndf ljB't pTkfbg x'G5 . jfOl;sndf h8fg ul/Psf] 8fOgfdf] ;fOsnsf] 
kfª\u|f ;lxtsf] 8fOgfdf]n] r'Das 3'dfp“5 / dflysf] l;4fGtsf cfwf/df ljB't pTkfbg u5{ 
/ afOl;snsf] aNa aNb5 . h]g]/6/sf] ;'?sf] cj:yfdf o;sf] sfo{ k|lqmofsf] ?k/]vf o:tf] 
k|sf/sf] lyof] h;df w]/} k|sf/sf ljsf;sf ljlwx¿ yk]kl5 dfq xfnsf] cj:yfdf 
jfO;fOsn 8fOgfdf]sf] ljsf; x'g k'u]sf] xf] . dfOsn km]/]8]sf] ljB't pkkfbg lgod;“u 
;DalGwt lgodx¿sf] cfwf/df g} o;sf] lgdf{0f ePsf] x'G5 . 

 dfOsn kmf/8]sf] ljB'tLo r'DasLo pkkfbgsf lgod cg';f/ M 

1. Pp6f aGb ljB't\ kl/ky;“u ;DalGwt r'DasLo km\Ns\; ( Magnetic flux) kl/jt{g x'G5 
eg] To; kl/kydf On]S6«f]df]l6e km]f;{ (Electomotive force) pkkfbg x'G5 .  

2. pkkflbt ePsf] On]S6«f]df]l6e km]f;{sf] dfqf To; ljB't kl/kydf r'DasLo km\NS;sf] 
kl/jt{g b/;“u ;dfg'kflts x'G5 .  

3. pkkflbt On]S6«f]df]l6e km]f;{ To; a]nf;Dd /lx/xG5, ha;Dd ljB't\ kl/kydf 
r'DasLo km\NS; kl/jt{g eO/xG5 .   

 cyf{t On]S6«f]df]l6e km]f;{ r'DasLo km\NS;sf] kl/jt{gsf] b/;“u ;dfg'kflt x'G5 .  

 afO;fOsn 8fOgfdf] Ps ;fgf] h]g]/6/ g} xf] h;nfO{ ;fOsndf h8fg ul/Psf] x'G5 . oxf“ 
afO;fOsn 8fOgfdfsf] lrq b]vfOPsf] 5 . afO;fOsnsf] kfª\ufdf 3l;|“bf o; leqsf] :yfoL 
r'Das hf]8n] 3'Db5 / pTkGg ePsf] r'DasLo an/]vf cfk;df sfl6“bf ljB't pkkfbg x'G5 
/ of] zlQmn] k|sfz zlQmdf ?kfGt/0f ub{5 . ;fOsnsf] ult cg';f/ o;af6 lg:sg] ljB't 
s/]G6sf] dfq 36La9L eO{/xG5 . o;sf] sfo{ k|lqmofnfO{ k|of]ufTds tl/sfn] klg u/fpg 



74 

 

;lsG5 . h]g]/]6/df pTkfbg x'g] ljB't zlQm a9fpg lgDg lnlvt pkfox¿ ckgfpg  
;lsG5 M 

 SjfOndf tf/sf kmGsfx¿sf] 
;+Vof a9fP/ 

 SjfOn / r'Das aLrsf] b'/L 
36fP/ 

 ljB't r'Das 3'Dg] j]unfO 
a9fP/ cyf{t ;fOsnsf] ult 
a9fP/ 

 tf/sf] SjfOn leq g/d kmnfd 
jf c;n r'DasLo j:t' /fv]/ .  

afO;fOsndf h8fg ul/Psf] 8fOgfdf] jf:tjdf Ps k|sf/sf] ;fdfGo h]g]/6/ g} xf] hxf“ 
SjfOn l:y/ /x]sf] x'G5 / o;sf] jl/kl/ r'DasLo If]qnfO{ 3'dfpg] k|aGw ldnfOPsf] x'G5 . 
of] ;fddGo sfo{k|lqmonfO{ a'emfpg ;“u} b]vfOPsf] lrqdf h:t} sfo{ u/]/, ljB't pTkfbg 
ePsf] b]vfpg ;lsG5 . xftn] Armature leqsf] r'DasnfO{ 3'dfpg d2t u/]em}+ jfO;fOssf] 
kf+u|fn] To;nfO{ 3'dfpg ;xof]u ub{5 . ;fOsndf h8fg ul/Psf] 8fOgfdf]sf] pbfx/0f ;d]t 
k|of]u ug{ nufP/ o; ;DaGwdf ljBfyL{nfO{ l;sfpg ;lsG5 . tnsf lrqdf DC / AC 

generaotor sf Frame b]vfOPsf 5g\ . ljBfyL{nfO{ o;sf d'Vo efu b]vfP/ klg a'emfpg 
;lsG5 .  

 

l8;L h]g]/]6/sf] k|]md 

 N/S – r'Dassf pQ/L / blIf0fL w'|j, Z- Coil, Y- Split ring commutator, X- Brush 
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P=;L= h]g]/]6/sf] k|]md 

 

h]g]/]6/sf] sfo{ k|lqmofsf lrq 
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-u_  6«fG;kmd{/ 

 ljB't ;fdYo{nfO{ oyfjt /fvL cN6/g]l6ª\u On]S6«f]df]l6e kmf];{ -Alternative electromotive 

force_ sf] dfqfnfO{ a9fpg jf 36fpg k|of]u ul/g] pks/0f g} 6«fG;km/d/ xf] . ljljw 
sf/0fn] pTkfbg ePsf] ljB'tLo ;fdYo{ 36\bf o;sf] Ifdtfdf x|f; cfpg] x'gfn] o:tf] gxf];\ 
egL 6«fG;km/d/sf] k|of]u ul/G5 . o;n] ljB't s/]G6sf] ef]N6]hnfO{ kl/jt{g ub{5 / nfdf] 
b'/Laf6 cfPsf] a9L ef]N6]hnfO{ ;'/lIft tl/sfn] sd ef]N6]hdf ?kfGt/ ub{5 eg] cfjZostf 

cg';f/ sd ef]N6]hnfO{ pRr ef]N6]hdf ?kfGt/ ub{5 . 3/fo;L pks/0fsf nflu k|of]u ul/g] 
w]/} h;f] ljB'tLo pks/0fdf a9L ef]N6]hnfO{ sd ef]N6]hdf ?kfGt/ ub{5 .  

6«fG;km/d/ ef]N6]h kl/jt{gsf nflu k|of]udf NofOg] ljB'tLo pks/0f xf] . Input ljB'tsf] 
gf]S;fg 36fpgsf nflu 6«fG;km/d/sf] sf]/ n]ldg]zg ul/Psf] x'G5 . 6«fG;km/d/sf] sfo{ 
cg';f/ of] b'O{ k|sf/sf x'G5g\ . Step down transformer /  Step up transformer . oxf“ 
Step up transformer n] voltage a9fp“5 eg] step down transformer n] ef]N6]h 36fp“b5 . 
olb k|fOd/L SjfOnsf] kmGsf] ;]s]08/Lsf] eGbf a9L ePdf o;n] Voltage  step down sf] 
sfd u5{ . olb k|fOd/L SjfOnsf] ;+Vof ;]s]08/Lsf] eGbf sd ePdf Voltage  step up sf] 
sfd ub{5 .  

 6«fG;km/d/n] Pp6f ;ls{6af6 cfPsf] ljB't zlQmnfO{ hf]8fdf /flvPsf ;'rfns -
6«fG;km/d/sf SjfOndf_ k|jflxt ub{5 . k|fOd/L SjfOndf k|jflxt ePsf] s/]G6n] kl/jt{g 
eO/xg] r'DasLo km\NS; pTkGg u5{ / of] kl/jt{g eO/g] r'DasLo km\nS;n] ;]s]08/L 
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SjfOndf ljB't -ef]N6]h _ pkkfbg ub{5 . of] c;/nfO{ cfk;L pkkfbg elgG5 / oxL 
cfwf/df 6«fG;km/d/n] sfo{ ub{5 . 

 

 

 

 

 

 

 

 

 

 olb Pp6f nf]8nfO{ ;]s08/L SjfOndf hf]l8of] eg], o;df k|fOd]/L SjfOnaf6 ;]s]08/L 
SjfOndf ljB't zlQm k|jflxt x'“b} pQm nf]8 ;Dd k'Ub5 . Pp6 gd"gf 6«fG;km/d/df ;]s]08/L 
SjfOn -Vs_ / k|fOd/L SjfOndf -Vp_ k|jflxt ePsf] ef]N6]hsf] cg'kft To;sf SjfOndf 
ePsf] kmGsfsf] ;+Vofsf] cg'kft -Ns/Np_ ;“u a/fa/ x'G5 .  

  
  

=
  

  
 

o;/L SjfOnsf] ;+Vofsf] kmGsfsf] cfwf/df 6«fG;km/d/sf] sfo{ km/s k|sf/sf] kfOG5 .   
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 ljB't ljt/0f ubf{ k|of]udf cfpg] ;fdGo 6«fG;km/sf] gd"gf tn k|:t't ul/Psf] 5 .  

 6«fG;km/d/sf] kl/ro / o;sf] 
;fdGo sfo{ k|lqmofsf] af/]df 
lzIf0f ubf{ r'DasLo km\Ns;, 
ljB'tLo pkkfbgsf] af/]df tyf 
6«fG;km/d/sf] ljeGg efusf af/]df 
kl/ro lbg' kb{5 . o; kl5 
;s];Dd 6«fG;km/d/sf] cjnf]sgsf 
nflu k|bz{g u/fpg' k5{ . 

-3_  ljB't 306L 

 ljB't zlQmnfO{ r'DasLo zlQmdf ?kfGt/ ug]{ l;4fGtdf 
cfwfl/t pks/0f ljB't 306L xf] . ljB't k|jfx ubf{ 
r'DasLo j:t'sf] jl/kl/ s'rfnsn] a]l/Psf] ;'rfns 
tf/n] a]bf{ pQm r'DasLo j:t' r'Dasdf ?kfGt/ x'g] 
l;4fGtsf cfwf/df ljB't 306L agfOG5 . of] Ps ;fwf/0f 
3/fo;L ljB't pks/0f xf] . ljBfyL{x¿nfO{ o;sf] af/]df 
cWofkg u/fp“bf o;sf] :s]d]l6s lrqaf6 ;lhnf] kb{5 / 
pgLx¿n] rf“8} l;Sg ;Sb5g\ .  

o;sf] sfo{{ l;4fGt eg]sf] ljB't k|jfx ubf{ r'DasLo j:t'nfO{ r'Dasdf kl/jt{g ug{ ;lsG5 
eGg] g} xf] . ljB't k|jfx ePsf] SjfOnsf] 3]/fdf kg]{ u/L /flvPsf] r'DasLo j:t'n] 3g 
hf]8]sf] kftfnfO{ cfsif{0f ub{5 
/ wft'sf] kftfnfO{ 7f]S5 / 
cfjfh lg:sG5 . 7f]lsgf ;fy 
ljB't kl/ky v'nf x'g k'Ub5 / 
ha ljB't k|jfx aGb x'G5 
c:yfoL ?kdf ag]sf] r'Dassf] 
r'DasTj x/fp“5 / 306Ln] 
wft'sf] kftfdf 7f]Sg ;Sb}g . 
km]/L 7f]Sg 5f]8\gf;fy ljB't 
k|jfx x'g ;'? eOxfN5 / 
rDasdf ?kfGt/ x'G5 . k'g 
pxL k|lqmof bf]xf]l/G5 / 306L 
aHb5 . tn b]vfOPsf lrqx¿af6 o;sf] sfo{ k|lqmofsf af/]df :ki6 kfg{ ;lsG5 .  
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 oxf“ k|:t't ul/Psf] lrqn] ljB't 306Lsf] sfo{ k|lqmof :ki6 kfb{5 . SjfOndf a]l/Psf 
r'DasLo j:t'df ljB't k|jfx x'“bf o;sf] ghLs} /x]sf] r'DasLo j:t'nfO{ cfsif{0f ub{5 / 
o;df hl8t 306Ln] csf]{ wft'df hf]8n] lxsf{p“5 / 306L aHb5 . of] a]nf ljB't kl/ky v'Ng 
hfG5 / klxn] s} cj:ydf cfp“5 / 
k'g ToxL k|lqmof bf]xf]l/G5 / ljB't 
306Ln] sfo{ ub{5 .  

 ;Dej ePsf 7fp“df ljB't 306L g} 
lt/]/ n}hfg' k/\of] gePsf 7fp“df 
lrqaf6 ;d]t :ki6 kfg{ ;lsG5 . 
ljB'taf6 r'Das aG5 / ljB't 
k|jflxt gx'“bf pQm j:t' km]/L r'DasLo 
a:t'df ?kfGt/0f x'g'k5{ . oxL 
l;4fGtsf cfwf/df ljB't 306L lgd{0f 
ePsf] x'G5 .  

                                       ljB't 306Lsf]  Sketch diagram                           

cly{ª (Earthing) 

ufx{:y ljB'lts/0fsf nflu ljB't\ kfj/ xfp;af6 3/–3/df ljB't 
cfk"lt{ ug{ d"Vo b'O{cf]6f crfnsn] a]l/Psf (insulated)  tf/ ljB't 
kfj/ xfp;af6 3/sf] d'Vo :jLr (main switch)  ;Dd NofPsf] x'G5 . 
oL b'O{ tf/ dWo] Pp6fnfO{ nfOe (live)  / csf]{nfO{ Go'6«n (neutral)  
elgG5 . nfOe tf/ (L) v}/f] (brown) / Go'6«n (N)  tf/ lgnf] /ªsf] 
crfns j:t'n] a]l/Psf] x'G5 . nfOe tf/df kfj/ xfp;af6 ljB't 
(current)  k|jfx eO/x]sf] x'G5 . kfj/ xfp;af6 L / N tf/af6 
ljB't d'Vo :jLr (main switch) h;nfO{ ljB't ljt/0f sg]S;gaf6 
3/df ljt/0f ul/Psf] x'G5 . ufx{:y ljB'lts/0f d'Vo nfOl6ª kl/ky, 
ky ;ls{6 / ljz]if ;ls{6 (special circuit)  af6 k'/f ul/Psf] x'G5 . 
lrd afNgsf nflu live circuit, ljB'lto pks/0f k|of]u ug]{sf nflu kfy ;ls{6 / ljB'tLo s's/ sf 
nflu 5'§} special circuit agfOPsf] x'G5 . ufx:y{ ljB'lts/0fdf ljB't kl/ky agfp“bf # cf]6f 
tf/x¿ nfOe (L) Neutral tf/ afx]sf] csf]{ xl/of] / kx]nf] kf/f ePsf] s'rfnsn] a]l/Psf] tf/ klg 
k|of]u ul/Psf] x'G5 . of] tf/nfO{ kl/kyaf6 hldgdf ufl8Psf] x'G5 . o;nfO{ cly{ª tf/ elgG5 . 
x/]s kfj/ ;So'{6df # lkg ePsf] ;s]6 three pin socket x'G5 o;df live, neutral / earthing 

ltg}cf]6f tf/df h8fg ul/Psf] x'G5 .  
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ljB'lto pks/0fx¿ k|of]u ubf{ kfj/ ;So'{6df aUg] a9L voltage  sf] sf/0faf6  x'g ;Sg] 
b'3{6gfaf6 ;'/lIft x'gsf nflu ufx:y{ ljB'lts/0fdf earthing sf] k|of]u ul/Psf] x'G5 . x/]s 
ljB'lto pks/0fdf cly{ª tf/ hf]l8Psf] x'G5 . olb ljleGg sf/0fj; pks/0f s/]G6 k|jfx ePdf 
earthing tf/ h8fg ul/Psf] 5 eg] ;f] tf/af6 s/]G6 hldgdf hfG5 h:n]ubf{ dflg;nfO{ s/]G6 
nfUgaf6 aRg ;S5 . cly{ª tf/sf] cj/f]w Ifdtf w]/} x'G5 . To;}n] pks/0f ljB't (charge)  ;f] 
tf/af6 hldgdf hfG5 .  

On]S6«f]DofUg]l6s t/ª (Electromagnetic waves) 

kf]v/Ldf 9'ª\uf kmfNbf ;fGt cj:yf (equilibrium)  df /x]sf] kfgLsf] ;txdf vnan (disturbance)  
k}bf x'G5 . of] vnann] ubf{ kfgLn] c0f'x¿df sDkg k}bf x'G5 / of] sDkg Pp6faf6 csf]{ df ;b}{ 
hfG5 h:n] ubf{ kfgLsf] ;tx tndfly tndfly x'“b} s]Gb|af6 lsgf/flt/ ;b}{ hfG5 . o:t} u/L 
lutf/sf] tf/ rnfp“bf tf/df sDkg k}bf x'G5 h;af6 WjgL lg:sG5 / of] xfjfsf] c0f'x¿ x'“b} WjgL 
6f9f6f9f k}mlnG5 . o;/L s'g} zfGt cj:yfdf /x]sf] j:t'x¿df xnrn k}bf eO pSt xnrn Ps 
7fp“af6 csf]{ 7fp“df ;b}{ hfg] k|lqmofnfO{ t/ª\u (wave)  elgG5 . kfgLsf] t/ª\u, WjgLsf] t/ª\u 
s'g} tf/ jf rnfp“bf k}bf x'g] t/ª\u cflbnfO{ k|;f/0f x'g dfWod rflxG5 . o:df t/ª\unfO{ oflGs 
t/ª\u elgG5 . k|sfz / /]l8of] t/ª\usf] k|;f/0f x'gsf nflu z'Go (vacuum)  cyf{t dfWod lagf 
klg k|;f/0f x'G5 . o; k|sf/sf] t/ª\unfO{ On]S6«f]DofUg]l6s t/ª\u elgG5 . logLx¿ 6«fG;e;{ 
t/ª\u x'g ;a} ljB'lto t/ª\ux¿ k|sfzsf] ultdf lx8\b5g\ . k|sfzsf] ult (c) = 3 x 10

8
 m/s  

x'G5 . ljB'lto t/ª\ux¿sf] t/ª\u nDafOsf] /]Gh km/flsnf] x'G5 . t/ª\ux¿n] t/ª\u nDafO 
cg';f/ logLx¿sf] gfd x'G5 h'g lgDg tflnsf lbOPsf] 5 .  

  ljB'lto t/ª\u :k]S6«d 

t/ª\usf] jlu{s/0f t/ª\u nDafO /]Gh 

Radio low frequency 30,000 to 600 m 

j|f]S:6 cfj[lQ 600 to 200 m 

pRr cfj[lQ 200 to 0.3 m 

dfOqmf] j]E;\ 30 to 0.08 cm 

Infra red 800 to 0.8 cm 

Visible light 0.75 to 0.38 micron 

Ultra violet 0.38 to 0.01 micron 

alpha ray 10 -6 to 10 -10 cm 

gamma ray 3 x 10 -9 to 5 x 10 -10 cm  

(gf]6 M 1 micron = 0.001 mm -= 10 -4 cm = 10 - 6 m) 
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tfk / tfkqmdsf] km/s  

b}lgs hLjgdf ;j{;fw/0fn] a'e\mbf tfk / tfkqmd p:t} cy{ lbg] kbfjnL h:tf nfU5g\ . tftf]kg 
cg'ej ug'{ g} tfk cyjf tfkqmd eGg] egfO{nfO{ lj1fgsf] kl/efiffn] unt ;fljt u/]sf] 5 . tfk 
eg]sf] zlStsf] gfd xf] eg] tfkqmd eg]sf] pSt zlQmsf] sf/0fn] cg'ej ug{ ;lsg] tftf]kg÷ 
lr;f]kgsf] Pp6f cj:yf xf] . oL b'Ocf]6f wf/0ffx¿sf] af/]df lzIf0f ubf{ pbfx/0fx¿ / cEof; 
u/fpg' kb{5 .  

j:t'sf] u'0f:t/ / dfqf ;dfg /x]sf] cj:yfdf tL b'O{ km/s lk08sf] tfkqmd To;sf] tfk;“u 
;dfg'kflts ;DaGwdf /x]sf] x'G5 . tfk Ps k|sf/sf] zlSt xf] . kbfy{sf] c0f'x¿sf] hlt zlStsf] 
;dli6ut ?knfO{ tfk dflgPsf] 5 . t/ tfkqmd eg]sf] tfksf] k|efj dfq xf] . o;n] tftf]kg jf 
lr;f]kgsf] dfq lgwf{/0f ug{ ;Sb5 . t/ km/s j:t' / km/s kl/df0fsf j:t'df tfk / tfkqmdsf] 
l;wf ;DaGw g/xg klg ;Sb5 . Pp6f aln/x]sf] ;nfOsf] sf“6Ldf /x]sf] tfkzlst Pp6f 7"nf] 
ef8f]df pdfn]sf] kfgLsf] eGbf a9L gx'g ;S5 . olt a]nf ;nfOsf] aln/x]sf] sf6Lsf] tfkqmd pSt 
ef“8f]sf] kfgLsf] tfkqmd eGbf a9L x'g ;S5 . oL b'j} wf/0ffsf] gfk ug]{ oGq / PsfO{ ;d]t km/s 
x'g\ . tfknfO{ joule  df gflkG5 eg] tfkqmdnfO{ l8u|L ;]lG6u|]8, km/]gxfO6, s]n\legdf gflkG5 . 
o;sf] wf/0ff l;sfpg k|bz{g, k|of]ufTds / efif0f ljlw g} k|of]u ug{ ;lsG5 . vf]h ljlwsf] plrt 
;+of]hgsf/L e"ldsfaf6 klg o;nfO{ lzIf0f ug{ ;lsG5 .  

tfk 

tfk Ps k|sf/sf] zlSt xf] h'g Ps :yfgaf6 csf]{ :yfgdf k|;f/0f x'g ;Sb5 . km/s tfkqmddf 
/x]sf b'O{cf]6f j:t'x¿sf] aLrdf tfk a9L ePsf] :yfgaf6 sd ePsf] :yfgdf k|;fl/t x'g ;Sb5 
ha ;Dd tL b'j} k|0ffnLsf] tfk a/fa/ x'“b}g . sd tfkqmd ePsf] j:t'n] hlt hlt tfkzlSt lnG5 . 
;f] eGbf a9L tfk a9L tfkqmd ePsf] j:t'af6 tfkzlst k|jflxt ePsf] x'G5 . o;nfO{ zlSt 
k|jfxsf] ?kdf lnOG5 / Sofnf]/L ld6/af6 dfqf gfKg ;lsG5 .  

tfkqmd 

of] j:t'sf] To:tf] ef}lts cj:yf hgfpg] ;+VofTds dfqf xf] h;n] j:t'sf] tftf]kg jf lr;f]kgsf] 
pNn]v ug{ ;Sb5 . sd tfkqmd ePsf] j:t' lr;f] / a9L tfkqmd ePsf] j:t' tftf] x'G5 . tfkqmd 
j:t'sf] s]lGb|t (intensive)  u'0f xf] eg] tfkqmd j:t'sf] ;fdfGo (Extensive)  u'0f xf] . tfk s'g} 
j:t'df cGt/lglxt zlSt xf], h'g To; j:t'sf] lk08df e/ kb{5 . tfkqmd s'g} j:t'df ePsf] 
c0f'x¿sf] rfndf x'“bfsf] zlSt xf] . tfk gfKg Sofnf]/L ld6/sf] pkof]u ul/G5 . ul0ftLo ?kdf tfk 
gfKbf lgDg ;'qsf] k|of]u ul/G5 . H=mcθ -hxf“ m  j:t'sf] mass, c  eg]sf] ljlzi6 tfkwf/0f zlSt  

θ eg]sf] pSt j:t'n] kl/jt{g u/]sf] tfkqmdsf] dfqf l8u|L ;]lG6u|]8df_ . tfkqmd Pp6f ;fdfGo 
ydf{ld6/n] gfKg ;lsG5 .  
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/;fog lj1fg 

/f;folgs tTjx¿sf] jlu{s/0f / k]l/cf]l8s tflnsf  

ljZj a|Dxf08 / dfgj ;+;f/df ljleGg vfnsf j:t' tyf ;/;fdfgx¿ kfOG5g\ . ;+;f/df kfOg] 

;Dk"0f{ j:t'x¿ ljleGg kbfy{x¿ (Matters) åf/f ag]sf x'G5g\ . oL ljleGg vfnsf kbfy{x¿ sf]xL 

z'4 (Pure) cj:yfdf kfOG5g\ t s]lx ldl>t (Mixture) cj:yfdf /x]sf x'G5g\ . z'4 kbfy{x¿ dWo] 

klg s]lx Pp6} /f;folgs tTjdfq ldn]/ ag]sf x'G5g eg] s]lx kbfy{x¿ b'O{ jf b'O{eGbf a9L 

tTjx¿ ldn]/ of}lus (Compound) sf] ?kdf ag]sf x'G5g . /;fogzf:q (Chemistry) sf] 1fgn] 

o:tf kbfy{x¿nfO{ ljleGg ju{df kl/eflift u/]sf] kfOG5 . h:t}, lrof, slkm, /ut, df6f], xfjf, 

sRrf vlgh OGwg (Crude mineral fuel), l;d]G6, ejg agfpg tof/ d;nf RCC cflb ld>0fsf] 

?kdf x'G5g\ . z'4 kfgL, z'4 lrgL, dl§t]n, k]6«f]n, vfg]t]n, g'g, vfg];f]8f, sfl:6s ;f]8f, lUn;]/f]n, 

leg]u/ cflb of}lussf] ?kdf ag]sf x'G5g\ . To;}ul/ ;'g, kmnfd, rf“bL, tfdf, uGws cflb 

dfgjlhjgdf Jojxf/df k|of]udf cfO/xg] tTjx¿ x'g . h]xf];\ ;+;f/sf ljleGg j:t'x¿ lhjLt xf];\ 

of lglh{j tTjx¿ g} ldn]/ ag]sf x'G5g\ .  

;doqmd;“u} ljleGg tTjx¿ kQf nfUb} uP . tTjx¿sf] ;+Vof ylk+b} uof] . To;kl5 /;fogzf:qsf] 

cWoognfO{ ;xh / Jojl:yt agfpg] p2]Zon] ;dfg u'0f ePsf tTjx¿nfO{ ljleGg tl/sfn] ljleGg 

ju{df ljefhg ul/ /;fogzf:q (Chemistry) sf] cfw'lgs cWoogsf] z'?cft eof] . ;g\ 1808 df 

la|l6z j}1flgs hf]g 8fN6g (John Dalton) n] cfk\mgf] kf/df0fljs l;4fGt (Atomic theory)  

cGtu{t Pp6} tTjsf ;a} k/df0f'x¿ p:t} x'G5g\ (Atoms of the same elements are identical)  

eGg] a'“bf ;dfj]z u/]/ tTjx¿sf] jlu{s/0fsf] wf/0ff cufl8 ;f/]sf] kfOG5 . x'g t of] eGbf cufl8 

g} k|m]Gr /;fogzf:qL PG6g n]eO{h/ (Antoine Lavoisier) n] ;g\ 1780 sf] bzsdf tTjx¿ wft' / 

cwft' ul/ b'O{ lsl;dsf x'G5g\ elg ljefhg u/]sf lyP . To;kl5 ;g\ 1815 df la|l6z j}1flgs 

ljlnod hf];]km k|fp6 (William J. Prout)  n] cGo tTjx¿sf kf/df0fljs ef/x¿ xfO8«f]gsf] 

kf/df0fljs ef/;“u ;/n u'0ffTds ?kdf x'G5g (The atomic weights of the elements are simple 

multiplex of the atomic weight of Hydrogen) elg kl/sNkgf (Hypothesis) k|:t't u/] .  

To:t} hd{g /;fogzf:qL 8f]a/lgo/ (Doberneiner) n] ;g\ 1829 df tTjx¿sf kf/df0fljs ef/nfO{ 

ltgsf] /f;folgs u'0f;“u ;DalGwt u/fpg] klxnf] k|of; u/] . h;cg';f/ pgn] ltg ltg cf]6f 

ldNbfh'Nbf tTjx¿sf ;d"x agfP / 8f]a/lgo/ 6«fo8\; (Dobernier's triads) sf] ?kdf k|:t't u/] . 

h;df larsf] tTjsf] kf/df0fljs ef/ c? b'O{ tTjx¿sf] kf/df0fljs ef/sf] cf};t x'G5 . (The at. 

wt. of central element is nearly the mean of the at. wts. of the other two elements) elg b]vfP . 

h:t} M pbfx/0f 
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6«fo8\; tTj kf/df0fljs ef/ cf};t kf/df0fljs ef/ 

!= lnlyod 

@= ;f]l8od 

#= kf]6fl;od 

7 

23 

39 

23 

!= Snf]l/g 

@= a|f]ldg 

#= cfof]l8g 

35.5 

80.0 

127 

81.25 = 80 (approx.) 

!= ;Nkm/ 

@= ;]n]lgod 

#= 6]n'l/od 

32 

79 

127.6 

79.6 = 79 (approx.) 

!= kmf]:kmf]/; 

@= cf;]{lgs 

#= PlG6df]gL 

31 

75 

120 

75.5=75 (approx.) 

o;} qmddf, k|]mGr /;fogzf:qL J.B. Andre Duma  n] ;g\ 1853 df "Homologous series" sf] 
wf/0ff k|:t't u/] . h;cg';f/ "The elements having similar properties show a relationship of 

homologous series with regard to their atomic weights." 

h:tf] ls 

tTj kf/df0fljs ef/ xf]df]nf]u; >]0fL 

gfO6«f]hg (N) 14 = 14 a 

kmf]:kmf]/; (P) 31=14+17 a+b 

cf;{lgs (As) 75=14+17+44 a+b+c 

PlG6df]gL (Sb) 119=14+17+88 a+b+2c 

la:dy (Bi) 207=14+17+176 a+b+4c 

To;kl5, cª\u|]hL j}1flgs John A.R. Newland n] ;g\ 1863 df "Octaves Law"  k|:t't u/] . 
h;cg';f/ "When elements ae arranged in the ascending order of their atomic weights and 

similar physical and chemical properties were found repetition in every eight element in the 

series" h;nfO{ pgn] ;+lutsf] gf]6 (Musical octave)  ;“u t'ngf u/]/ "New land's Octaves Law 

eg] . h:tf] ls  
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g]kfnL ;+lutdf M       ;f   /]    u    d   k    w   lg 
English Music df M    C     D     E     F     G     A     B 

Italian Music df M    Do   Re   Mi   Fa   Sol   La   Si 

tTjx¿ M             Li    Be    B    C     N      O    F 

                                Na   Mg   Al   Si     S       P   Cl 

k]l/cf]l8s tflnsf lgdf{0f cufl8sf jlu{s/0f k|of;x¿ -;f/f+z_ 
qm=;+= j}1flgs /;fogzf:qL -b]z_ jif{(AD) sfdsf] gfd cfwf/ 

1. Antoine Lavoisier 

(France) 

1780 Division into Metals 

& non-metals 

Metallic 

Character 

2. John Dalton (England) 1808 Atomic theory Atomic weight 

3. William J. Prout (England) 1815 Prout's Hypothesis wt. of Hydrogen 

4. John Dobernier (Germany) 1829 Dobernier's triads Average at.wt. 

5. JB Andre Duma (France) 1853 Dumas Homologous 

series 

Arithmatic series 

of at. wt. 

6. John Newland (England) 1863 Newland's Octaves Repetition of 

Props (at. wt.) 

7. Lothar Mayer (Germany) 1869 Lothar Meyers 

Curve 

Increasing at. wt. 

& atomic volume 

o;} qmddf, hd{g /;fogzf:qL Julius Lother Meyer n] ;g\ 1869 sf] z'?df tTjx¿sf] jlu{s/0fsf] 
km/s k|of; k|:t't u/] . h;df pgn] tTjx¿sf] cf0fljs cfotg Psflt/ / csf]{ sIf (axis) df 
cf0fljs ef/ /fv]/ tTjx¿nfO{ u|fkmdf ldnfP/ (Plot) /fVbf ;dfg u'0fx¿ ePsf tTjx¿ p:t} 
:yfgdf k/]sf] b]vfP . h;nfO{ Lothar Mayer's Curve elgG5 h'g o; k|sf/ 5 M 

  

A
to

m
ic

 v
o
lu

m
e 

Atomic weight 

Cs 

Li 

Na 

K 

Rb 
I 

Be 

Ca 

Br 

Sr 

Cl 
Be 

F 
Li 
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dfgj Oltxf;sf] ljsf;qmd;“u} /f;folgs tTjx¿ kQf nufpg] / logLx¿sf af/]df cWoog, 
cg';Gwfg ug]{ qmd jt{dfg ;Dd klg hf/L 5 / of] qmd rlng} /xg] 5 . xfn;Dd 112 cf]6f tTj 
hfgsf/Ldf cfPsf 5g eg] yk 6 cf]6f tTj k|:tfljt ?kdf 5g\ . tL dWo] 109 cf]6fn] IUPAC 

(International Union of Pure and Applied Chemistry) af6 dfGotf kfO;s]sf 5g\ .  

cGtTjuTjf, ?;L j}1flgs bldqL d]G8]lne (Dmitri Mendeleev) n] nf]y/ d]o/sf] jlu{s/0fnfO{ 
;d]6\b} ;g\ 1869 cGtlt/ kf/df0fljs ef/nfO{ g} cfwf/ agfP/ tTjx¿nfO{ qmlds ?kdf /fv]/ 
jlu{s/0f u/] . ;f]xL jlu{s/0f g} /f;folgs tTjx¿sf] cfwf/e"t jlu{s/0fsf] ?kdf oBlk k|rlnt 
5 . d]G8]lnesf] tTjx¿sf] ldNbfh'Nbf u'0fsf cfwf/df jlu{s/0f u/]/ agfOPsf] pSt tflnsfnfO{ g} 
k]l/cf]l8s tflnsf (Periodic table) elgG5 . d]G8]lnesf] k]l/cf]l8s tflnsfn] /f;folgs tTjx¿ 
(Chemical elements) x¿sf] t'ngfTds / l56f] 5l/tf] ?kdf j}1flgs hfgsf/L lbP/ /;fog 
zf:qsf] cWoog cWofkgnfO{ ;xh agfPsf] 5 .  

d]lG8lne\sf] k'/fgf] k]l/of]l8s tflnsf 

 Group 

I 

Group 

II 

Group 

III 

Group 

IV 

Group 

V 

Group 

VI 

Group 

VII 

Group 

VIII 

Period 1 H        

Period 2 Li Be B C N O F  

Period 3 Na Mg Al Si P S Cl  

Period 4 K 

Cu 

Ca 

Zn 

1* 

2* 

Ti 

3* 

V 

As 

Cr 

Se 

Mn 

Br 

FeCo 

Ni 

Period 5 Rb 

Ag 

Sr 

Cd 

Y 

In 

Zr 

Sn 

Nb 

Sb 

Mo 

Te 

4* 

I 

Ru Rh 

Pd 

 

d]G8]lnesf] k]l/cf]l8s tflnsf kf/df0fljs ef/df cfwfl/t 5 / pgsf] k]l/cf]l8s lgod 
(Mendeleev's periodic law) o;/L lbPsf lyP . ætTjx¿sf ef}lts / /f;folgs u'0fx¿ 
ltgLx¿sf kf/df0fljs ePsf k]l/cf]l8s sfo{:j?k (Periodic functions)  x'G5g .Æ [The physical 

& chemical properties of elements are the periodic functions of their atomic weights.] oBlk 
?;L j}1flgs x]g/L df];n] (Henry G.J. Moseley) n] ;g\ 1913 df tTjx¿sf] cfwf/e"t u'0f 
ltgLx¿sf] kf/df0fljs ef/ ge} kf/df0fljs ;+Vof (Atomic Number) xf] elg k|dfl0ft u/]/ 
cfw'lgs k]l/cf]l8s lgod (Modern Periodic Law)  lbP/ k]l/cf]l8s lgodnfO{ k'g kl/eflift u/]sf 

5g\ . pgsf cg';f/ d]G8]lnesf] k]l/cf]l8s tflnsfnfO{ klg ;'wf/ u/]/ k|:t't ul/Psf] k]l/cf]l8s 
tflnsfnfO{ cfw'lgs k]l/cf]l8s tflnsf (Modern Periodic table) elgG5 . cfw'lgs k]l/cf]l8s 
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lgod (Modern Periodic Law) cg';f/ ætTjx¿sf ef}lts / /f;folgs u'0fx¿ ltgLx¿sf 
kf/df0fljs ;+Vofsf k]l/cf]l8s sfo{:j?k x'G5g\ . [The physical and chemical properties of 

elements are periodic functions of their atomic numbers.] d]G8]lnesf] k]l/cf]l8s tflnsfnfO{ g} 

cfwf/dfgL kl5 8]lgz j}1flgs g}N; af]/ (Neils Bohr) n] ;g\ 1927 lt/ cfw'lgs k]l/cf]l8s 
tflnsfnfO{ On]S6«f]g ljGof; (Electronic configuration) sf] cfwf/df s, p, d / f ul/ rf/ Ansdf 
ljefhg u/]/ k|:t't u/]sf 5g\ . To;}n] nfdf] ?ksf] cfw'lgs k]l/cf]l8s tflnsf (Extended or 

Long form of Periodic table) nfO{ af]/sf] tflndf (Bohr's table) klg elgG5 . h;cg';f/ 
tTjx¿nfO{ k|i6?kdf rf/cf]6f If]q (distinct four blocks) s,p, d / f df ljefhg ul/Psf] 5 . pSt 
(Long form of Modern Periodic table) tflnsf oxf“ lbOPsf] 5 .  

d]G8]lnesf] k'/fgf] k]l/cf]l8s tflnsf / cfw'lgs k]l/cf]l8s tflnsfsf] t'ngfTds ljz]iftf o; 
k|sf/ 5g\ M  

d]G8]lnesf] k'/fgf] k]l/cf]l8s tflnsf 
(Mendeleev's Periodic table) 

cfw'lgs k]l/cf]l8s tflnsf  
(Modern Periodic Table) 

!=  of] tflnsf d]G8]lnesf] k]l/cf]l8s lgod 
(Mendeleev's Periodic law) df cfwfl/t 
5 .  

!= of] tflnsf cfw'lgs k]l/cf]l8s lgod 
(Modern Periodic law)  df cfwfl/t 5 .  
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@=  o; tflnsfdf tTjx¿nfO{ a9\bf] kf/df0fljs 
ef/ (Increasing atomic weight ) sf] 
cfwf/df qmd};“u ldnfP/ /flvPsf] 5 .  

@= o;df tTjx¿nfO{ a9bf] kf/df0fljs 
;+Vof (Increasing atomic number) sf] 
qmddf ldnfP/ /flvPsf] 5 .  

#=  of] tflnsfdf kf“rcf]6f dfq lkl/o8 
(Period) 5g\ .  

#= o;df ;ftcf]6f lkl/o8 (Period) x¿ 
5g\ .  

$=  of] tflnsfdf pk;d"x (sub group)  5}gg\ .  $= o;df A  / B pk;d"x 5g\ . 
%=  o;df lgliqmo Uof“;x¿ (Noble gases )  sf] 

:yfg 5}g .  
%= o;df lgliqmo Uof“; (Inert gases) x¿ 

/flvPsf 5g\ .  
^=  of] tflnsfdf tTjx¿sf ;d:yfgL 

(Isotopes)  sf nflu :yfg 5}g .  
^= o;df ;d:yfgL (Isotopes) nfO{ d"n 

tTj;“u /flvG5 .  
&=  o;df nfGyfgfO8\; / PlS6gfO8\; 

(Lanthanides & Actinides)  nfO{ :yfg 
5}g . 

&= o;df nfGyfgfO8\; / P]lS6gfO8\;nfO{ 
d"n tflnsf d'lg 5'§} /flvPsf] 5 .  

*=  tTjx¿nfO{ kf/df0fljs ef/sf] cfwf/df 
/fVbf a9L ef/sf] klxn] / sd ef/sf] kl5 
/flvPsf] 5 .  

*= o;df kf/df0fljs ;+Vof (Neutron 

numbers) sf] cfwf/df /fVbf pSt bf]if 
lgjf/0f ePsf] 5 .  

(=  ;d"x * (Gr VIII) df tLg tLg cf]6f tTj 
h:t} (Fe,Co,Ni) Ps} ;d"xdf Ps} 7fp“df 
/flvPsf 5g\ .  

(= of] tflnsfdf Fe,Co / Ni nfO{ pk;"x 
agfP/ 5'§f5'§} /flvPsf] 5 .  

gf]6 M cfw'lgs k]l/cf]l8s tflnsfsf] cfwf/e"t :j?k d]G8]lnen] g} lbPsf x'g kl5 kl/dfh{g / 
k'gMkl/eflift ul/Psf] dfq xf] .  

cfw'lgs k]l/cf]l8s tflnsfsf dxTjk"0f{ ljz]iftfx¿ M 

!=  xfO8«f]hgsf] :yfg ;d"x IA  sf] dfly :ki6 ?kdf ls6fg u/]/ /flvPsf]  5 .  

@=  tTjx¿sf] 7f8f] (Vertical) ;d"xnfO{ u|'k (Group) / t];f]{ (Horizontal row ) nfO{gnfO{ 
k]l/cf]8 (Period) elgG5 .  

#=  k|d'v ;d"x (Main groups) : IA, IIA, IIIA, IVA, VA, VIA / VIIA sf tTjx¿ 
k|ltlglwd"ns ;d"x tTj (Representative elements)  x'g .  

 pk;d"x (Sub-groups) IB b]lv VIIB  / VIII  ;d"xsf tTj ;a} wft' x'g . 

 Zero group sf tTjx¿ lgliqmo (Inert or Noble gases) cwft'x¿ x'g\ .  

 ;d"x IA sf tTjx¿ ;lqmo cNsfnL wft' (Alkali metals) x'g\ .  

 ;d"x VIIA sf x]nf]hg (Halogens) tTjx¿ ;lqmo cwft'x¿ x'g\ .  

 ;d"x IV A sf tTjx¿ cw{wft' (Metalloids) x'g\ .  

 ;d"x VA nfO{ Nitrogen family / VIA  nfO{ Oxygen family klg elgG5 .  

 To;} u/L M1st period very short period  xf] . (shortest) 
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 2nd / 3rd period short period x'g\ .  

 4th / 5th period long period  x'g\ .  

 6th period very long cyjf Gigantic Period  xf] . (longest) 

 7th period unsaturated period xf] . (in complete) 

$=  tTjx¿sf] ;lqmotf M 

 wft'tTjn] On]S6«f]g lbg] x'gfn] hlt 7"nf] eof] Tolt g} Nuclear attraction sd x'gfn] 
k|ltlqmofdf On]S6«f]g ;lhn} 5'l§G5 / a9L ;lqmo x'G5 . To;}n] wft';d"xdf hlt tn 
uof] ;lqmotf a9\b} hfG5 .  

 cwft'x¿sf] ;d"x (Group) df l7s pN6f] vice-versa x'G5 .  

 Pp6} lkl/o8sf tTjx¿df eg] af“ofaf6 bfof“lt/ hf“bf ;]n;+Vof pxL /xg] t/ Proton 

;+Vof ylkb} hfg] x'gfn] tTjsf k/df0f'sf] cfsf/ qmdz 36\b} hfG5 . h:t} M3rd Period 

sf wft'df Na eGbf Mg / Mg eGbf Al ;fgf] x'G5 / ;lqmotf sd x'“b} hfG5 . t/ 
;f]xL Period sf cwft'x¿df eg] Si eGbf P, P eGbf S / S eGbf Cl qmdz cfsf/ 
;fgf] x'“b} hfg] x'gfn] On]S6«f]g lng] Ifdtf (Nuclear attraction) a9\b} hfG5 . To;}n] 
;lqmotf klg qmdz af“ofaf6 bf“of a9\b} hfG5 .  

%= cfw'lgs k]l/cf]l8s tflnsfdf tTjx¿nfO{ rf/Ansdf 5'§ofOPsf] 5 . On]S6«f]g ljGof; ubf{ 
clGtd On]S6«f]g h'g pk;]n (orbital)  df /xG5 . pSt tTj ;f]xL Ansdf kb{5 . h:t} M 

 lnlyod, Li(3) = 1s
2
,2s

1
 (s-block) 

 clS;hg, O(8)= 1s
2
,2s

2
,sp

4 
(p-block) 

 h:tf Zn(30)= 1s
2
,2s

2
, 2p

6
,3s

2
, 3p

6
, 4s

2
, 3d

10
 (d-block) 

 NofGyfgd La(57)= 1s
2
, 2s

2
, 2p

6
, 3s

2
, 3p

6
, 4s

2
, 3d

10
, 4p

6
, 5s

2
, 4d

10
, 5p

6
, 6s

2
, 4f

1
 (f-block) 

 sIff !) cGtu{t wft' kf7df ;dfj]z ul/Psf wft'x¿ cfNdf]lgod (Al) afx]s kmnfd (Fe), 

tfdf (Cu), rf“bL (Ag) / ;'g (Au) ;a} d-block df kb{5g\ . oL dfly pNn]lvt wft' 
tTjx¿sf] On]S6«f]g laGof; o; k|sf/ 5 .  

tTj English Name At. No. Electronic configuration 

cfNdf]lgod Aluminium 13 1s
2
 2s

2
 2p

6
 3s

2
 3p

1
 

kmnfd Iron 26 1s
2
 2s

2
 2p

6 
3s

2
 3p6 4s

2
 3d

6
 

tfdf Copper 29 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

9
 (stability 3d

10
 4s

1
) 

rf“bL Silver 47 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

10
 4p

6
 5s

2
 4d

9
  

(stability 4d
10

 5s
1
) 

;'g Gold 79 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

10
 4p

6
 5s

2
 4d

10
 5p

6
 

6s
2
 4f

14
 5d

9
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gf]6 M tfdfsf] dfly pNn]lvt On]S6«f]g ljGof; l:y/ (Stable)  x'b} To;}n] Stability  glhs} ePsf]n] 
3d

9  n] 4s
2  af6 Pp6f On]S6«f]g lnP/ 3d

10
  eP/ stable  eO{ a:5 . * d-orbital of atoms tends to 

be half or full filled to be stable.  

6«flGh;g wft'x¿ (Transition Metals) 

k]l/cf]l8s tflnsfdf d-block cGtu{tsf pk;d"x (sub-groups) IB  b]lv VIIB  / ;d"x VIII  sf 
/f;folgs tTjx¿ h;sf] On]S6«f]g laGof;df d-pk;]n el/g] qmddf x'G5 cyf{t k"0f{ x'“b}g . To:tf 
tTjx¿nfO{ 6«flGh;g tTj (Transition element)  elgG5 . o; cGtu{tsf tTjx¿ ;a} wft' tTj 
ePsf]n] logLx¿nfO{ ;+qmd0f wft' (Transition metals) elgG5 .  

6«flGh;g wft'sf s]xL dxTjk"0f{ u'0fx¿ o; k|sf/ 5g\ M  

!=  logLx¿sf] ;aeGbf aflx/L d-pk;]n k"0f{ el/Psf] x'“b}g .  

@=  logLx¿sf] clS;s/0f ;+Vof (oxidation number) Pp6} ge} gePsf]n] ;+o'htf klg cj:yf x]/L 

km/s–km/s (variable valency) x'G5 .  

#=  Pp6} tTjsf] ;+o'htf km/s km/s x'g'sf] sf/0f logLx¿sf] leqL pk;]n (Penultimate 
orbital)  sf] On]S6«f]gn] klg s'g} s'g} cj:yfdf /f;folgs k|ltlqmofdf efu lng' xf] .  

$=  logLx¿sf] Malleability / ductility klg pbfx/0fLo x'G5 .  

%=  oL wft'x¿sf] klUn]g tfkqmd (M.pt.) / pDng] tfkqmd (B.Pt.) klg pRr x'G5 .  

^=  oL wft'sf nj0fx¿ (salts) k|fo /lª\ug (coloured) x'G5g\ .  

&=  oL wft'dWo] s]xLn] /f;folgs k|ltlqmofx¿df pTk|]/s (catalyst) sf] e"ldsf klg v]N5g\ .  

*=  logLx¿sf] aflx/L On]S6«f]g ljGof; (n-1) d
1-9 ns

2 x'G5 . 

 h:t} M kmnfd (Fe) = 1s
2
 2s

2
 2p

6 3s
2
 3p

6
 4s

2
 3d

6
  

o;sf] ;+o'htf 2 / 3 x'G5 . o;sf] 4s sf] 2 cf]6f On]S6«f]gn] dfq efu ln“bf ;+o'htf 2 x'G5 eg] 
s'g} cj:yfdf tL b'O{cf]6f / 3d sf] Pp6f On]S6«f]gn] ;d]t /f;folgs k|ltlqmofdf efu ln“bf ;+o'htf 

3 x'G5 . h:t} MFeO  -sfnf] /ª_ / Fe2O3 -uf9f /ftf]_ cS;fO x'g\ .  

gf]6 M h:tf (Zn) : 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

10
 d-block wft' ePklg ;+qmd0f tTj x}g lsgls 

o;df 3d  pk;]n k"0f{?kdf el/Psf] cyf{t 3d
10  5 .  

To;}ul/, Cadmium (Cd) 48 = 1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

10
 4p

6
 5s

2
 4d

10
 

Mercury (Hg) 80=1s
2
 2s

2
 2p

6
 3s

2
 3p

6
 4s

2
 3d

10
 4p

6
 5s

2
 4d

10
 5p

6
 6s

2
 4f

14
 5d

10
 klg d-block df k/] 

klg 6«flGh;g wft' xf]Ogg\ .  
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NofGyfgfO8\; (Lanthanides) / PlS6gfO8\; (Actinides) 

k]l/cf]l8s tflnsfdf NofGyfgd (La) / To;kl5sf No'6]l;od (Lu) ;Ddsf ldNbfh'Nbf u'0f ePsf 
Atomic number 57 b]lv 62 ;Ddsf 15 cf]6f tTjx¿sf] ;d"xnfO{ NofGyfgfO8\; elgG5 . 
olgLx¿nfO{ Pp6f 5'§} ;d"xdf /fv]/ t'ngfTds cWoog ul/G5 . h;nfO{ Lanthanide Series  
elgG5 . logLx¿sf] u'0f qmd};“u Lanthanium ;“u ldNbf]h'Nbf] x'gfn] logLx¿nfO{ Lanthnoids  
cyjf Lanthanons sf] gfdn] klg lrlgG5 .  

Lanthanide Series 

S.No. At. No. Name 

(Elements) 

Symbol S.No. At. No. Name 

(Elements) 

Symbol 

1 57 Lanthanum La 9 65 Terbium Tb 

2 58 Cerium Ce 10 66 Dysprosium Dy 

3 59 Praseodymium Pr 11 67 Homium Ho 

4 60 Neodymium Nd 12 68 Erbium Er 

5 61 Promethium Pm 13 69 Thulium Tm 

6 62 Samarium Sm 14 70 Ytterbium Yb 

7 63 Europium Eu 15 71 Lutetium Lu 

8 64 Gadolinium Gd     

k]l/cf]l8s tflnsfdf PlS6gd (Ac) / To;kl5sf ldNbfh'Nbf u'0fePsf Atomic Number 89 b]lv 
103 ;Ddsf 15 cf]6f tTjx¿sf] ;d"xnfO{ PlS6gfO8\; elgG5 . logLx¿nfO{ 5'§} ;d"xdf /fv]/ 
t'ngfTds cWoog ul/G5 h;nfO{ Actinide Series elgG5 . logLx¿sf] u'0f qmd};“u Actinium  
;“u ldNbf]h'Nbf] x'gfn] logLx¿nfO{ Actinoids klg elgG5 .  

Actnide Series: 

S.No. At. 

No. 

Name 

(Elements) 

Symbol S.No. At. No. Name (Elements) Symbol 

1 89 Actinium Ac 9 97 Berkelium Bk 

2 90 Thorium Th 10 98 Californium Cf 

3 91 Protactinium Pa 11 99 Einstinium Es 

4 92 Uranium U 12 100 Fermium Fm 

5 93 Neptunium Np 13 101 Mendelevium Md 

6 94 Plutonium Pu 14 102 Nobelium No 

7 95 Americium Am 15 103 Lawrencium Lr 

8 96 Curium Cm     
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gf]6 M  

!=  NofGyfgfO8\; / PlS6gfO8\; b'a} ;d"x Inner-transition metals -6«flGh;g leq} kg]{_ pk;d"x 
x'g\ .  

@=  logLx¿sf] aflx/L On]S6«f]g ljGof; (n-2)f 1-14 (n-1) d10 ns2 x'G5 cyf{t f-pk;]n el/g] 
qmddf x'G5 .  

#=  logLx¿nfO{ Rare Earth elements klg elgG5 .  

$=  Ac, Th, Pa / Uranium naturally kfOg] tTjx¿ x'g eg] To;kl5sf cGo Actinide  
tTjx¿ ;g\ 1940 kl5 s[lqd ?kdf agfOPsf (Artificial elements) x'g\ . oL Uranium  
kl5sf tTjx¿nfO{ Transuranium tTj klg elgG5 .  

tTjsf] km/s–k/s ;+o'htf (Variable or Multiple valency)  

s'g} klg /f;folgs tTjn] ljleGg cj:yfdf km/s–km/s ;+o'htf b]vfp“5 eg] To;nfO{ Variable 
valency elgG5 . Pp6} tTjsf] km/s km/s /f;folgs k|ltlqmofdf km/–km/s ;+o'htf (Variable 
valency) x'g'sf] sf/0f ;fdfGo cj:yfdf clGtd pk;]n (Ultimate orbital) sf] On]S6«f]g dfq 
k|ltlqmofdf efu lng' / s'g} cj:yfdf leqL pk;]nsf] On]S6«f]g (Penultimate orbital electron) n] 
klg /f;folgs k|ltlqmofdf efu lng' xf] . h:t} M tfdf Copper = Cuprum = Cu 

Cu(29) = 1s
2
 2s

2
 sp

6
 3s

2
 3p

6
 4s

2
 3d

9
 (expected)  

Cu(29) = 1s
2
 2s

2
 sp

6
 3s

2
 3p

6
 3d

10
 4s

1
 (exact & stable) 

tfdfsf] valency 1 / 2 kfOG5 h:t} Cu2O / CuO  df 4s
1 sf] 1 On]S6«f]gn] dfq k|ltlqmofdf efu 

ln+bf ;+o'htf 1 x'G5 . 3d  pk;]nsf] On]S6«f]gn] ;d]t efuln+bf ;+o'htf 2 x'G5 .  

Variable valency sf s]xL pbfx/0fx¿ M 
qm=;+= tTj ;+s]t ;+o'htf  of}lus  of}lussf] gfd 
1. kmnfd (Iron ) Ferrum Fe 2 FeCl2 Ferrous Chloride 

2. tfdf (Copper)  

Cuprum 

Cu 1Cu2O Cuprous Oxide 

2 CuO Cupric Oxide 

3. l6g  (Tin) 

Stannum 

Sn 2SnOStannous Oxide 

4 SnO2 Stannic Oxide 

4. ;'g (Gold) 

Aurum 

Au 1 AuClAurous Chloride 

3AuCl3Auric Chloride 

5. kf/f] (Mercury) 

Hydrargyrum 

Hg 1Hg2SO4 Mercurous Sulphate 

2HgSO4 Mercuric Sulphate 

6. l;;f (Lead) 

Plumbum 

Pb 2 PbO Plumbous Oxide 

4 PbO2 Plumbic Oxide 
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gf]6M  

!=  s'g}klg tTjsf] yf]/} ;+o'htf (lower valency) ePsf] of}lus -ous / w]/} ;+o'htf (Higher 
valency) ePsf] of}lus -ic x'G5 .  

@=  k|fo ;+qmd0f wft' tTjx¿ (Transition metals) n] Variable valency cyjf Multiple 
valency b]vfPsf] kfOG5 .  

#=  oBlk cwft' tTjx¿n] klg ljleGg Drastic Conditions (High temp, high pressure, 
lightening etc.) df k|ltlqmof u/]/ of}lus aGbf jf /f;folgs k|ltlqmof x'“bf multiple 
valency b]vfpg ;S5g\ . h:t} M  

 (i)   gfO6«f]hgsf cS;fO8x¿df gfO6«f]hgsf] ;+o'htfx¿ M 

  (a)  Nitrogen monoxide (nitrous Oxide) = N2O 

  (b)  Nitric Oxide (Nitrogen II Oxide) = NO 

  (c)  Nitrogen trioxide = N2O3 

  (d)  Nitrogen dioxide= N2O4 (NO2) 

  (e)  Nitrogen Pentoxide = N2O5 

To:t}, (ii)  kmf]:kmf]/;sf cS;fO8x¿df Phosphorous sf] valency: 

  (a)  Phosphorous trioxide= P2O3 

  (b)  Phosphorous pentoxide = P2O5 

/]l8sn / cfof]g ;DalGw hfgsf/L (Concept of Iron and Radical) 

s'g} klg chemical species or chemical entity h'g rfh{o'St x'G5 cyjf h;df free valency  
x'G5 To;nfO{ cfof]g cyjf /]l8sn elgG5 . ;fdfGotof Inorganic salts x¿ b'O{ efu (++ve /  
-ve) ldn]/ ag]sf x'G5g\ . ltgLx¿ single atom klg x'g ;S5g / group of atoms acting as 
single unit during reaction x'g;S5g\ . Positive part of salt that comes from base is called 
basic radical (cation) and the other negative part of salt that is derived from acid is 
called acid radical (Anion).  

eg,  NaCl Na
+ 

 + Cl
-
 

      H2SO4 2H
+ 

 +SO4
--
 

      Na2S2O3    2Na
+ 

  +  S2O3
--
 

      (Salts)      (Basic radical)  (Acid radical) 

                       Cation             Anion 
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 rfh{ ;+Vofsf] cfwf/df Radical x¿ monovalent, divalent, trivalent, tetravalent, 
pentavalent, hexavalent cflb x'G5g\ . 

 tTjsf k/df0f'sf ;+Vofsf] cfwf/df /]l8snnfO simple, compound / complex ul/ 
ltg lsl;dn] ljefhg ug{ ;lsG5 .  

(a)   Pp6f dfq} k/df0f'o'St cfof]g jf /]l8snnfO{ simple radical elgG5 . h:t}, Na
+
, Cl

-
, 

K
+
, S

--
, Mg

++
, N

---
, Al

+++
 etc. 

(b)  b'O{ jf b'O{eGbf a9L k/df0f' ldn]/ Pp6f ion sf] ?kdf k|ltlqmofdf efu lnG5g eg] 
To; cfof]g jf /]l8snnfO{ compound radical elgG5 . h:t} M NO3

-
, SO4

- -
, PO3 

- - -
, 

ZnO2
- -

 etc. 

(c)  b'O{ jf b'O{eGbf a9L cfof]g jf /]l8snx¿ ldn]/ ag]sf] /]l8snnfO{ complex /]l8sn 
elgG5 . h:t} M Fe[CN]6

3-
, Fe[CN]6

4-
 etc. 

gf]6 M  

!=  s'g} tTj jf of}lussf] covalent bond Homolytic fission  x'“bf aGg hfg] rfh{ ljlxg t/ 
On]S6«f]g o'St chemical species  nfO{ free radical  elgG5 .  

 h:t} M (a)  Cl–Cl  Cl.+Cl.  

  (b)  

                                                                        H + CH3 

 

 

Radical  jf cfof]gsf] jlu{s/0f  

Radicals 

1.  Charge sf] cfwf/df  

 (a)  Positive (basic radicals) 

 (b)  Negative (Acid radicals) 

2.  k/df0f' ;ª\Vof agf]6sf] cfwf/df  

(a)  Simple radical  

(b)  Compound radical  

(c)  Complex radical 

C 

H

  

H H 

H 
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3.  Charge ;ª\Vofsf] cfwf/df 

(a)  Monovalent radical 

(b)  Bivalent radical 

(c)  Trivalent radical 

(d)  Tetravalent radical 

(e)  Pentavalent radical 

(f)  Hexavalent radical 

s]xL common radical (ions) x¿sf] ;+o'htf;lxt tflnsf 

S.N. Valency  Basic Radical or 

Cation(+ve) 

Acid Radical or Anion (-ve) 

1. Monovalent 

(1 valency) 

Na
+
, K

+
, NH4

+
, Cu

+
, Hg

+
, 

H
+
, Li

+
, Ag

+
, Rb

+
, Au

+
 

F
-
, Cl

-
, Br

-
, I

-
, H

-
, OH

-
, NO2

-
NO3

-
, 

HCO3
-
, HSO4

-
, CN

-
, IO3

-
, CH3COO

-
, 

MnO4
-
, ClO3

-
, AlO2

-
, MnO4

-
, HSO3

-
, 

IO3
-
, ClO

-
, SCN

-
, BrO3

-
, ClO4

-
 ,CNO

-
, 

BrO2
-
, ClO2

-
, H2PO2

-
, HCOO

-
 

2. Divalent or 

Bivalent (2 

valency) 

Ca
++

, Mg2
+
, Sr

++
, Ba2

+
, 

Cu
++

, Fe
++

, Mn
++

, Pb
++

, 

Sn
++

, Hg
++

, Zn
++

, Cd
++

, 

Co
++

, Ni
++

, Ra
++

, V
++

, Be
++

 

CO3
--
, SO4

--
, O

2-
, S2

-
, SO3

--
, CrO4

2-
, 

Cr2O7
2-

, S2O3
2-

, MnO4
2-

, SiO3
2-

, SnO3
2-

, 

ZnO2
--
, O2

2-
, HPO3

2-
 

3. Trivalent (3 

valency) 

Al3
+
, Cr3

+
, Au3

+
, Bi3

+
, Fe3

+
, 

Sb3
+
, Mn3

+
 

PO3
3-

, PO4
3-

, BO3
3-

, N
3-

, P
3-

, AsO3
3-

, 

AsO4
3-

, AlO3
3-

, [Fe(CN)]6
3-

, SbO3
3-

, 

[Co(NO2)6]
3-

 

4. Tetravalent 

(4 valency) 

Pb4
+
, Sn4

+
, Pt4

+
, Si4

+
 [Fe(CN)6]

4-
, C

4-
 

5. Pentavalent 

(5 valency) 

As5
+
, Sb5

+
  

6. Hexavalent 

(6 valency) 

Cr6
+
  

cSjf/]lhof (Aquaregia) 

tLg efu uf9f xfO8«f]Snf]l/s cDn / Ps efu uf9f gfOl6«s cDnsf] ld>0fnfO{ cSjf/]lhof 
(Aquaregia)  elgG5 . cSjf/]lhof # efu uf9f xfO8«f]Snf]l/s / ! efu uf9f gfOl6«s cDn 
ld;fP/ agfOG5 h;df gfO6«f];fOn Snf]/fO8 (NoCl)  / lqmoflzn kf/df0fljs Snf]l/g (Nascent 
Chlorine) x'g] ePsf]n] o;n] ;'g, Kn]l6gd h:tf lgliqmo wft'nfO{ ;d]t 3'nfpg ;S5 .  
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3:1::HCl:HNO3(Both Conc.) = Aquaregia 

The volumetric mixture of 3 parts of concentrated hydrochloric acid with 1 part of 
concentrated hydrochloric acid is known as Aquaregia. It can dissolve all metals including 

nobel metals like Platinum and gold hence the name is derived. The mixture contains 

nitrosylchlorice (NOCL) and free chlorine which is active agent for dissolving nobel metals 

like gold.  

cSjf/]lhof;“u ;'gsf] /f;folgs k|ltlqmof o; k|sf/ 5 M 

(i)   klxn] b'O{ cDn ld;f“pbf NOCl  / Cl  aG5g .  

 3HCl+ HNO3  NOCl +2 Cl+ 2H2O 

(ii)  To;kl5 ;'g;“u :jtGq Cl  n] k|ltlqmof u5{ .  

 Au+3Cl AuCl3 

 partial equation  ljlw cg';f/ dflysf b'O{ r/0fnfO{ hf]8]/ ;Gt'ng ubf{ M 

 3HCl+HNO3 [NOCl+2H2O+2Cl]  x 3 

 Au+3Cl [AuCl3]  x 2 

 2Au + 9HCl + 3HNO3   2AuCl3 

 -;'g_ + -cSof/]lhof_  Gold (III) Chloride  cyjf Auric Chloride 

tfkzf]ifs /f;folgs k|ltlqmof (Endothermic chemical reaction) 

s'g}klg /f;folgs k|ltlqmof x'“bf tfk rflxg] cyjf aflx/af6 tfkzlSt lbg'kg]{ kl/jt{gnfO{\ 
tfkzf]ifs k|ltlqmof (Endothermic reaction) elgG5 . olb k|ltlqmof/t kbfy{ (Reactant) sf] eGbf 
pTkflbt kbfy{ (Product) sf] s'n heat content a9L x'G5 eg] To:tf] cj:yfdf aflx/af6 tfk lbg' 
k5{ . o:tf] cj:yfdf ΔH or ΔE sf] dfg (value) positive x'G5 cyjf reaction system n] 
aflx/af6 Heat lnG5 . h:t} M 

1.      
    
         

2.         
    
             

3.      

    
        

4.      
    
         

gf]6 M Endothermic reaction sf] cg'ejM Pp6f Steel sf] glass df kfgL /fv]/ Un'sf]hnfO{ 3'nfO{ 
xTs]nfn] aflx/af6 glhs  5fd]/ ug{ ;lsG5 .  

Exothermic reaction sf] cg'ejM Detergent nfO{ yf]/} kfgLdf /fv]/ 3'nfp“bf cg'ej ug{ ;lsG5 .  
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tfkbfos / tfkzf]ifs /f;folgs k|ltlqmof (Exothermic and Endothermic Reactions) 

/f;folgs kl/jt{g (Chemical changes) x'“bf x'g hfg] Thermal changes (ΔH or ΔE) af/] cWoog 
ug]{ /;fogzf:qsf] zfvfnfO{ Thermochemistry  elgG5 . o; cGtu{t s'g}klg /f;folgs k|ltlqmof 

x'“bf slt tfk zlSt kl/jt{g x'G5 (evolved or absorbed) eGg] s'/f k|of]ufTds ?kdf ;d]t kQf 
nufOG5 . /f;folgs k|lqlqmofx¿nfO{ tfk lbg] cyjf lng] cfwf/df tn pNn]lvt b'O{ lsl;ddf 
/fVg ;lsG5 .  

tfkbfos /f;folgs k|ltlqmof (Exothermic reaction) :  

s'g} /f;folgs k|ltlqmof x'“bf tfk pTkGg x'g] (evolution of heat) k|ltlqmof jf kl/jt{gnfO{ 

tfkbfos k|ltlqmof (exothermic reaction) elgG5 . olb ΔH cyjf ΔE  sf] dfg negative 5 eg] 
pSt k|ltlqmofdf tfkzlSt pTkGg x'G5 cyjf k|ltlqmof Exothermic reaction xf] eGg] a'lemG5 . 
h:t} M  

1.  N2(g) +3H2(g)  2NH3(g)+ ΔH (ΔH=-22.4 Kcal) cyjf N2+3H2 2NH3+ tfkzlSt 

2.  S+O2 SO2+Heat 

3.  2Na+2H2O2NaOH+H2+Heat 

4.  2H2+O2 2H2O+ ΔH  

5.  C+O2 CO2+ ΔH (ΔH=--94.13Kcal) 

6.  C+2H2 CH4+ ΔH (ΔH=-17890 Cal) 

7.  C2H4+3O22CO2+2H2O+ ΔH (ΔH= -333.35 KCal) 

8.  CH4+2CO2CO2+2H2O+ ΔH (ΔH= -21 KCal) 

;fa'g / l86/h]G6 (Soaps & Detergents) 

l86/h]G6 xf];\ of ;fa'g oL b'j} kbfy{nfO{ ljleGg j:t'x¿ ;kmf ug]{ sfddf k|of]u ul/G5 . oBlk 
logLx¿sf] agfj6, u'0f / ;kmfO{ Ifdtf km/s km/s x'G5 .  

;fa'g (Soap) : ;fdfGotof Animal fat df kfOg] fatty acid sf] ;f]l8od nj0fnfO{ ;fj'g (soap)  

elgG5 . ;fa'gdf x'g] pSt nj0fsf] gfd Sodium Strearate xf] . o;sf] General formula 
RCOONa x'G5 h;df R eGgfn] k\mof6\6L Pl;8sf] cNsfOn u|'knfO{ hgfp“5 .  

(R= -C17H35) 

k|ltlqmof M                     
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cyjf,          

             

 

                   
 

             

    
    
           

      
 

     
 

      

    

   -af];f]_+-sfl:6s;f]8f_                -;fa'g_ +  -lUn;]/f]n_ 

gf]6 M  

!=  hgfj/sf] af];f]sf] 7fp“df jg:klt t]n / sfl:6s ;f]8fsf] 7fp“df sfl:6s kf]6f;af6 klg 
;fa'g tof/ ug{ ;lsG5 .  

@=  ;fa'g agfpg] ljlwnfO{ /;fogzf:qdf Saponification klg elgG5 .  

;fa'g agfpg] ljlw -3/fo;L ljlw_ 

Pp6f 7"nf] s/fO{df ;lhn} pknAw jg:klt t]n -tf]/Lsf] t]n_ nfO{ la:tf/} dGb cfuf]df ttfpg] . 
csf]{lt/, sl/a #) k|ltzt -!)) ml kfgLdf #) u|fd_sf] sfl:6s ;f]8f 3f]n tof/ ug]{ . pSt 
3f]nnfO{ t]n / 3f]nsf] dfqf sl/j j/fj/ x'g]u/L ld;fP/ rnfp“b} ttfp“b} ug]{ . pSt ld>0fdf 
pknAw ePdf clnslt g'g / washing soda (Na2CO3) klg ld;fP/ afSnf] n]bf] (paste)  
aGbf;Dd ksfP/ OR5f cg';f/sf] cfsf/sf] ef“8f] (frame) df /fv]/ ;'sfP/ ;fa'g tof/ ug{ 
;lsG5 . tf]/Lsf] t]nsf] ;f6f] gl/jn t]n, lrp/L t]n, skf; laof“, cyjf ltnsf] t]naf6 klg ;fa'g 
agfpg ;lsG5 . To;} u/L, ;'ulGwt agfp perfumes / cfsif{s agfpg colors x¿ ;d]t ld;fpg 
;lsG5 .  

l86/h]G6 (Detergent)  

cNsfOn a]lGhg ;Nkmf]lgs Pl;8 cyjf cNsfOn xfO8«f]hg ;Nk]m6sf] ;f]l8od nj0fnfO{ Detergent  
elgG5 .  

                         
    
                        

(Alkyl benzene sulphonic acid)      (Sodium Alkyl benzene sulphonate) (Detergent) 

;f]l8od cNsfOn a]GhLg ;Nkmf]g]6 h:t} M ;f]l8od ;f]l8od npl/n ;Nkmf]g]6 klg csf]{ Detergent  
sf] ?kdf k|of]u ul/g] /f;folgs kbfy{ xf] h'g o;/L agfOG5 M 

CH3(CH2)10-CH2OH 
      
       CH3-(CH2)10-CH2-O-SO3H  

     
      CH3-(CH2)10-CH2-O-SO3-Na 

   nfpl/n cNsf]xn      nfpl/n xfO8«f]hg ;Nk]m6    ;f]l8od nfpl/n ;Nkmf]g]6 -l86/h]G6_ 

l86/h]G6sf] sRrfkbfy{ Petroleum product af6 k|fKt /;fog / Caustic soda x'g . 

;fa'geGbf l56f] ;lhnf] / k|efjsf/L ?kdf n'uf w'gsf nflu l86/h]G6 a9L pkof]uL / nf]slk|o 5 .  
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;fa'g / l86/h]G6sf] t'ngf ubf{ M 
;fa'g l86/h]G6 
!=  k\mof6\6L cDnsf] ;f]l8od nj0f xf] .  != ;fa'geGbf a9L 3'ngzLn xfO8«f]sfa{g o'St 

;Nkmf]g]6 nj0f xf] .  
@=  ;f]l8od :6]/]6 (C17H35COONa) @=  ;f]l8od nfpl/n ;Nkmf]g]6 CH3-

(CH2)10CH2OSO3Na l86/h]G6sf] pbfx/0f xf] . 
#=  ljleGg k|f0fLsf] af];f] cyjf jg:klt 

t]n / sl:6s ;f]8f ;fa'gsf sRrf 
kbfy{ x'g\ .  

#=  k]6«f]lnod kbfy{af6 k|fKt /;fogx¿ -h:t} M 
Lauryl sulphonic acid, Benzene Sulphonic 
acid cflb_ l86/h]{G6sf sRrf kbfy{ x'g\ . 

$=  o;sf] General formula RCOONa  
xf] .  

$= o;sf] ;fwf/0f ;'q R-O-SO3Na xf] .  

%=  o;sf] cleansing power  sd x'G5 .  %=  o;sf] cleansing power a9L x'G5 .  
^=  logLx¿ h}ljs k|lqmofaf6 s'lxP/ hfg] 

(Biodegradable)  x'G5 . 
^=  logLx¿ h}ljs k|lqmofaf6 g3'Ng] (non-

biodegradable) x'G5g\ . 

Knfli6s (Plastics) 

;–;fgf dgf]d/ of}lus c0f'x¿nfO{ cf}Bf]lus ?kdf ;+in]if0f u/L pTkfbg ul/Psf s[lqd kf]nLd/ 
/];fx¿ (Artificially Synthesized Polymers) nfO{ Knfl:6s elgG5 . To;}n] Plastic klg Polymer 
g} x'g t/ s[lqd ?kn] tof/ ul/Psf Polymer x'g . 

Polimers 

(1)  Natural polymers eg protein, jute, cotton, cellulose, rubber etc 

 Thermo plastics h:t} PVC, Polythene, Nylon etc 

 dgf]d/x¿ v's'nf] ?kdf hf]l8Psf x'G5g\ . 

 k6sk6s k|of]u ug{ ;lsg] . 

 ttfp“bf g/d x'g] / k'g csf]{ cfsf/df 9fNg ;lsg]  

 pkof]uM 8f]/L, emf]nf, kfOk, ef“8f cflb. 

(2) Artificial polymers or plastics 

 Thermosetting plastics h:t} Bakelite 

 dgf]d/x¿ vf“lbP/ ag]sf 

 ttfp“bf g/d gx'g] / k'g csf]{ cfsf/df abNg g;lsg] 

 k'g k|of]u ug{ g;lsg] 

 pkof]uM lah'nLsf :jLr, Knu, k|];/ s's/sf lj“8 cflb 



99 

 

hLj lj1fg 

l8=Pg=P= / cf/=Pg=P= (DNA and RNA) 

;a} hLjx¿n] cfkm'h:t} ;Gtfg pTkfbg ub{5g\ . s's'/n] 9's'/ jf ;'ufn] d'uf (coral) hGdfpb}g . 
dflg;x¿n] klg cfkm'h:t} dflg; g} hGdfpb5g . ;dfhdf h:tf] jfj' p:t} 5f]/f “like father like 

son” eGg] pvfg klg rn]]sf] 5 . tyflk dflg;n] kl5 cfh{g u/]sf] u'0f h:t} 1fg, ;Lk, 
sfo{sf}zntf, bIftf cflb ;Gtltdf k|;f/0f x'b}g . j+zf0f'ut u'0f (hereditary character_ h:t} 
zf/Ll/s agf]6, ?k, /+u, cflb h:tf u'0fx¿ ;GttLdf k|;f/0f x'g] ub{5 . o; k|ls|ofnfO{ g} 
heredity elgG5 . j+zf0f' (gene) n] j+zf0f'ut u'0fx¿sf] lgwf{/0f ub{5 . j+zf0f' DNA 

(deoxyribonucleic acid) sf] c+zsf] ?kdf sf]ifsf] chromosomes df /x]sf] x'G5 . s'g} j+zf0f' 
5f]6f] sl/j !)) nucleotides n] ag]sf] x'G5 eg] s'g}  nfdf] xhf/f} nucleotides n] ag]sf] x'G5 . 

Heredity  ;DaGwL wf/0ff lbgsf nflu laGuf] v]n  

v]n v]Ng] t/Lsf  

!= ;xefuLx¿nfO{ cf–cfkm\gf] sfkLdf 3x3 sf] ju{ lvRg nufpg] . 
 

 

  

 

 

  

 

 

  

@= Heredity ;+u ;DalGwt kbfjnL÷;+s]t / To;nfO{ kl/eflift ul/Psf jfSo÷gfd cflb 
n]lvPsf] rf6{ k|:t't ug]{ . rf6{df ePsf ;"lrjf6 s'g} ( cf]6f kbfjnLx¿ 5fgL ju{sf] ( 
cf]6f sf]7fdf Pp6fdf Ps kg]{ u/L n]Vg nufpg] . 

#=  uf]nf k|yfjf6 kbfjnLnfO{ kl/eflift ul/Psf] lr6 Ps Ps u/L lemSg] / eGg] . 
$= ;xefuLx¿nfO{ cfkm'n] 5gf]6 u/L juf{sf/df /flvPsf] zAb k/]df ufnf] 3]/f nufpg eGg] . 
%=  ;a} zAbx¿df 3]/f nfu]df laGuf] eGg nufpg] . klxn] laGuf] eGg] JolQm g} ljh]tf ePsf] 

3f]if0ff ug]{ . 

 DNA     deoxyribonucleic acid   

 Gene     A unit of heredity 

 RNA     ribonucleic acid    

 Heredity    The process that brings about the similarity  

   between parents and their offspring 

 Friedrich Miescher  discoverer of  DNA  
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 James Watson &Francis Crick discoverer of double helix structure of  DNA 

 Adenine    purine base 

 Thymine    pyrimidine base 

 Pyrimidine    nitrogen base consisting of a single hexagonal  

      ring 

 Purine   nitrogen base consisting of a hexagonal ring  

  joined  ith a   pentagonal ring 

 Nucleotide   5 carbon sugar molecule joined to a phosphate  

  group and a nitrogen base 

 Genetics   the science of heredity 

DNA ;DaGwL hfgsf/L 

  DNA molecule is coiled along the length of chromosome 

  DNA is made up of a double chain of nucleotides in the form of a helix  

  The nucleotide base in the helix pair up adenine –thymine (A-T)  cytosine –

guanine(C-G) 

  Triplet of bases control production of the specific amino acids which make up a 

protein 

  Genes consists of a particular length of DNA 

  At replication DNA strands separate and build up new chain 
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l8=Pg=P=sf] df]8]n lgdf{0f    

 

!=  sf8{af]8{ sfuh lng] / o;nfO{ lrqdf b]vfP cg';f/ ljleGg cfsf/ , gfk / /+usf cfjZos 
;+Vofdf sf6\g] . 

 Ko'l/g j]; -P8]lgg / UjfgfOg_ sf] nflu !) cf]6f  

 kfOl/ldl8g j]; -;fo6f]l;g / yfOldg_ sf] nflu !) cf]6f   

 l8cS;L/fOjf]h ;'u/sf] nflu @) cf]6f  

 kmf]:km]6sf] nflu @) cf]6f  . 

@=  ;'u/ / km:km]6sf ljleGg 6'qmfx¿nfO{ gfO6«f]hg j];;“u ;]nf]6]kn] hf]8\]/ Go'lSnof]6fO8; 
(nucleotides) agfpg] .  
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#=  Go'lSnof]6fO8sf gfO6«f]hg j];x¿nfO{ hf]8\g] . o;/L hf]8\bf P8]lggnfO{ yfOldg;“u b'O{ cf]6f 
aG8n] (A=T) / UjfgfOgnfO{ ;fO6f]l;g;“u ltg cf]6f aG8n] (G = C) plrt :yfgdf Kjfn 
agfO{ tf/n] jf 6]kn] hf]8\g] .  

$=  To;kl5 k'/f agfj6 a6fl/Psf] e¥ofª h:tf] b]lvG5 . h;df gfO6«f]hg j]; e¥ofªsf] 
v'6\lsnf] h:tf] b]lvG5 eg] ;'u/ / km:km]6 vf“af] h:tf] b]lvG5  

l8=Pg=P= (DNA) 

of] Ps k|sf/sf] Go"lSn8 Pl;8 xf] . l8=Pg=P=sf]if leq Go'lSno;, dfO6f]sf]lG8«of / Knfli68df 
kfOG5 . o;sf] k'/f ?k l8clS;/fOjf] Go'lSns Pl;8 xf] . l8=Pg=P=;j{k|yd l:j; a}1flgs 
Friedrich Miescher n] ;g\ !*^( df kQf nufPsf lyP . o;sf] agfj6 eg] ;g\ !(%# df James 

Watson / Francis Crick n] kQf nufPsf x'g\ h;jfkt pgLx¿nfO{ ;g\ !(^@ sf] lrlsT;fzf:q 
tkm{sf] gf]j]n k'/:sf/ k|bfg ul/of] . l8=Pg=P= l8clS;/fOh gfd u/]sf] k]G6f]h ;'u/, rf/ lsl;dsf 
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k|f]l6g j]zx¿ -Pl8lgg, yfoldg, UjfgfOg / ;fO6f]l;g_ / km:km]6 ldn]/ ag]sf] x'G5 . l8=Pg=P=af6 
g} j+zf0f' aGb5 . of] cfkm}df 8'lKns]zg eO{ cfkm" h:t} ;GttL l8=Pg=P=x¿ agfpg ;S5 .  

l8=Pg=P=n] afj'cfdfsf] u'0f Ps j+zaf6 csf]{ j+zdf ;fg]{ sfd ub{5 . o;n] sf]if leqsf ;a} h}ljs 
s[ofsnfkx¿nfO{ lgoGq0f ub{5 . o;n] 6«fG;lqmK;g k|lqmofåf/f cf/=Pg=P=sf] klg lgdf{0f ub{5 . 

l8=Pg=P=jf:tjdf a6fl/Psf] e¥ofª h:t} agf]6 ePsf] x'G5 . o;sf] vDaf ;'u/ / km:km]6 ldn]/ 
aGb5 eg] v'8\lsnfx¿ Rff/ k|sf/sf gfO6«f]hg j]zaf6 ag]sf] x'G5 . jf:tjdf l8clS;/fOj]h ;'u/, 
km:km]6 / Pp6f c0f' gfO6«f]hg j]; -Pl8gg, yfoldg, UjfgfOg / ;fO6f]l;g_ hf]l8P/ Go'lSnof]6fO8 
aGb5 . o:tf b;f}+ xhf/f}+ Go'lSnof]/fO8 ldn]/ l8=Pg=P=aGb5 . To;}n] Go'lSnof]6fO8nfO{ dgf]d/ / 
l8=Pg=P=nfO{ kf]lnd/ elgG5 .  
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cf/=Pg=P= (RNA) 

of] csf]{ Go'lSns Pl;8 xf] . o;sf] k'/f gfd /fOjf] Go'lSns Pl;8 xf] . of] Go'lSno;df aG5 t/ 
Go'lSncf]n;, ;fO6f]KnfHd / /fOjf]hf]ddf kfOG5 .o;df /fOjf]h gfd u/]sf] k]G6f]h ;'u/, km:km]6 / 
gfO6«f]hg j]; -Pl8gg, UjfgfOg, ;fO6f]l;g / o'/fl;n_ x'G5 . 

cf/=Pg=P=df Pp6f dfq} a6fl/Psf] vDaf x'G5 . pQm vDaf /fOjf]h ;'u/ / km:km]6 ldn]/ aGb5 eg] 
To;df v'6\lsnfsf] ?kdf rf/ yl/sf gfO6«f]hg j];x¿ x'G5g\ . l8=Pg=P=n] 6«fG;lqmK;g k|lqmofåf/f 
Go'lSno; leq cf/=Pg=P=sf] lgdf{0f ub{5 .  

cf/=Pg=P=n] k|f]l6g lgdf{0f ug]{ sfo{ ub{5 / s]xL efO/;x¿df k}t[s u'0f ;GttLdf ;fg]{ ub{5 . 

j+zf0f' (Gene) 

j+zf0f' eg]sf] DNA c0f'sf] ;fgf] c+z xf] . o;sf] nDjfO{ hLj cg';f/ km/s km/s x'G5 . j+zf0f'n] 
g} s'g} klg hLjx¿sf] lkmgf]6fOlks u'0f cyf{t rl/q lgwf{/0f ub{5 . o;n] afj'cfdfsf] u'0f 
;GttLdf ;fg]{ sfd ub{5 .  

ldof]l;; (Meosis) 

hLjx¿sf] z/L/ sf]ifx¿af6 ag]sf] x'G5 . hLjx¿sf] cfwf/e"t PsfO{nfO{ sf]if (Cell) elgG5 . of] 
;'Id x'G5 . Ps sf]ifLo xf];\ jf ax'sf]ifLo, Pp6f hLjsf] s[ofsnfk To;df ePsf sf]ifx¿sf] 
qm[ofsnfkdf lge{/ /xG5 . prLt jftfj/0fdf of] cfkm} ljefhg eO{ o;sf] ;+Vof j[l2 x'b} hfG5 . 
sf]if ljefhgdf d"Vo e"ldsf Go"lSno;sf] x'G5 . sf]if ljefhg @ k|sf/sf 5g\ . 

 Mitosis -dfO6f]l;;_  Meiosis -ldcf]l;;_ 

dfO6f]l;; (Mitosis) 

;Gtlt sf]ifdf qmf]df]hf]d ;+Vof c? ;fdfGo sf]if jf dfp sf]if hlt g} x'g] ul/ sf]if ljefhg x'g] 
ljlwnfO{ dfO6f]l;; elgG5 . o; k|sf/sf] sf]if ljefhgn] z/L/df ljsf; / a[l2 x'G5 . 

Meiosis -ldcf]l;;_ 

k|hgg s[ofaf6 Uofd]6\;x¿ aGg] qmddf Go"lgs/0f k|s[of (Reduction Process) åf/f dft[sf]ifdf 
/x]sf] qmf]df]hf]dsf] ;+Vof cfwf–cfwf eO{ gof“ ;Gtlt sf]if aGg] k|s[ofnfO{ ldcf]l;; elgG5 . o; 
k|s[ofaf6 z'qmls6 (Sperm) / cf]ef (Ova) aGg] ub{5 .  

ldof]l;; sf]if ljefhgsf] gd"gf lgdf{0f   

ljlwM 
!=  rf6{ k]k/df ldof]l;; sf]if ljefhgsf] meiosis I  sf] prophase I sf] kf“r r/0fx¿ M 

Leptotene, Zygotene, Pachytene, Deplotene, Diakinesis sf] ;kmf lrq agfpg] . 
@=  k|To]s r/0fsf] lrqnfO{ 5'§f 5'§} s'6 sfuh jf ydf]{sf]ndf 6f+:g] . 
#=  a9L ePsf] s'6÷ydf]{sf]nsf] efunfO{ ldnfP/ sf6\g] . 
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$=  wfuf]sf] 6's|fnfO{ lrqsf] kl5Nnf] efudf l;P/ jf ;]nf]6]kn] /fd|/L 6f+;]/ em'08fpg] agfpg] . 
%=  dflysf ljlw !, @, # / $ k|of]u ul/ metaphase I, anaphase I / telophase I sf gd"gfx¿ 

tof/ / meiosis II  sf ljleGg cj:yfxsf] gd"gf tof/ ug]{ . 

 /+lug wfuf] / pmg k|of]u u/L meiosis sf] gd"gf tof/ ug{] ljlwM 
!=  Pp6f sf8{af]8{ k]k/nfO{ rf/ a/fa/ 6's|f x'g]u/L sf6]/ cfjZos ;+Vofdf 6's|fx¿ tof/ 

ug'{xf];\ . Ps 6's|fnfO{ ldof]l;;sf] Ps cj:yfsf] gd"gf tof/ ug{ k|of]u ug'{xf];\ . 
 
kx]nf] sfuh 
v}/f] wfuf] 
sfnf] d;L 
lgnf] wfuf] 
/ftf] pmg 
Xl/of] pmg 
 

OG6/km]h          hfOuf]l6g 

@=  lrqdf b]vfP h:t} ljleGg /+usf wfuf] / pmgsf 6's|fx¿ 6f“;]/ sf]if lemNnL, Go'lSnLo; 
lemNnL, s|f]df]hf]dsf] k|ltlglwTj x'g] u/L ldof]l;;sf ljleGg cj:yfsf gd"gfx¿ tof/ ug]{ . 

u]8fu'8L k|of]u u/L meiosis sf] gd"gf tof/ ug{] ljlwM 
!=  lehfPsf] b'O{ lsl;dsf ljpmx¿ -;]tf] / sfnf] e6df;_ x¿nfO{ wfuf]df pg]/ cfjZos 

;+Vofdf dfnfx¿ tof/ ug'{xf];\ . 
 
 
 
 
 
 
 

@= dfly lrqdf b]vfP h:t} Ps} vfnsf b'Ocf]6f 
dfnfx¿nfO{ tf/n] hf]8]/ cfjZos ;+Vofdf 
hf]8L dfnf tof/ ug]{ . oxf+ Ps nx/ 
dfnfn] s|fdfl68 / tf/n] ;]G6«f]d]o/sf] 
k|ltlglwTj ub{5 . sfnf] / ;]tf] /+un] afj' / 
cfdfjf6 cfPsf s|f]df]hf]dsf] k|ltlglwTj 
ub{5 . 

sf8{af]8{k]k/  
 
 
wfuf] 
 

dfnf 
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#=  sf8{af]8{sf] Pp6f 6's|f lng'xf]; / To;df lrqdf b]vfPh:t} u/L dfnfx¿ 6f+:g] . 
$= Go'lSnLof]n;,;]lG6«of]n / l:kG8n kmfOj/ b]vfpg sfnf] ;fOgk]g k|of]u ug{ ;lsG5 . 
%=  dflysf ljlwx¿ ckgfP/ ldof]l;;sf ljleGg cj:yfx¿ b]vfpg] gd"gfx¿ tof/ ug]{ .  

ldof]l;;sf] :nfO8 agfpg]  

;fdu|L M  

gkmls|Psf] lnln jf To:t} vfnsf] km'nx¿ -h;df PGy/ xl/of] /+usf] gl5KkLPsf] cj:yfdf x'G5_, 
dfOs|f]:sf]k, :nfO8, se/:nLk, jfr Unf; An]8, Pl;l6s cf]/l;g :6]g (aceto-orcein), df]nf/ 
xfO8«f]Snf]l/s Pl;8, :kLl/6 NofDk 

ljlw M 
!=  gkms|]sf] km"nsf] k]6nx¿ sf]6\ofP/ ;fjwfgLk"j{s PGy/ lemSg] . 
@=  PGy/nfO{ jfrUNf;df /fv]/ l;of]n] lj:tf/} cToGt} WofglbP/ l5of kfg]{ . 
#=  l5of kf/]sf] PGy/ 5f]lkg] u/L ( yf]kf hlt Pl;l6s cf]/l;g :6]g / ! yf]kf df]nf/ 

xfO8«f]Snf]l/s Pl;8 xfNg] . 
$=  jfrUnf;nfO{ lj:tf/} :6]gjf6 jfkm cfpg] u/L ttfpg'xf];\ t/ pdNg lbg'x'b}g . 
%=  jfr Unf;nfO{ l:kLl/6 NofDk jf6 lems]/ sl/j % ldg]6 ;Dd 5f]k]/ /fVg] . 

^= PGy/nfO{ ;kmf :nfO8df /fv]/ xfjf gl5g]{ ul/se/:nLkn] 5f]Kg'xf];\ / a'9L cf}nfn] lyr]/ 
squash agfpg] . 

&=  :nfO8nfO{ lj:tf/} ttfpg] . 
*=  :nfO8nfO{ dfOs|f]:sf]ksf] sd / a9L kfj/df /fv]/ x]g]{ . 

tof/L 
Aceto-orcein : ! u|fd orcein nfO{ !)) ldln %) ∞ Pl;l6s Pl;8df ld;fP/ 3f]n agfpg] . of] 
3f]nnfO{ # ldg]6 hlt pdfNg] . lkmN6/ k]k/n] 5fGg] . k|of]usf] nflu aceto-orcein stain tof/ 

x'G5 . 
Molar hydrochloric acid : *&=# l;l; concentrated hydrochloric acid df distilled water 
ld;fP/ ! ln6/ agfpg] . 

Meosis 

Meiosis was discovered and described for the first time in sea urchin egg in 1876 by the 

German biologist Oscar Hertwig. It was described again in 1883, at the level of 

chromosomes, by the Belgian zoologist Edouard Van Beneden, in Ascaris worms' eggs. The 

significance of meiosis for reproduction and inheritance, however, was described only in 

1890 by German biologist August Weismann, who noted that two cell divisions were 

necessary to transform one diploid cell into four haploid cells if the number of chromosomes 

had to be maintained. In 1911 the American geneticist Thomas Hunt Morgan observed 

crossover in Drosophila melanogaster meiosis and provided the first genetic evidence that 
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genes are transmitted on chromosomes. The term meiosis was coined by J.B Farmer and J.B 

Moore in 1905. 

In zygotene stage pairing of homologous chromosome is known as Synapsis. There are three 

types of synapsis: When pairing in homologous chromosomes starts from the end and 

continues towards their centromeres is proterminal synapsis. When synapsis occurs at 

various points of homologous chromosomes is Random synapsis. When pairing in 

homologous chromosomes start from their centromeres progressing towards the ends is 

Procentric synapsis. 

Exchange in chromatid segments between maternal and paternal chromosomes during 

meosis is called Crossing over.It take place in pachytene stage. The crossing over involves 

reshuffling, redistribution and mutual exchange of hereditary material between two 

homologous chromosomes. The points at which the exchange of chromatid segments take 

place is known as Chiasmata. Chiasmata have two functions one mechanical and the other 

genetic. During diakinesis the chiasmata is pushed towards the end of chromosomes this 

process is known as terminalization. 

Interphase is described as the resting stage of a cell being no division of chromosomes or 

cytoplasm . But the cell is metabolically quite active. During interphase two important things 

happen both of them are essential for the cell division to take place. Firstly DNA replicates 

(doubles itself) so that sufficient DNA is made available for each daughter cells. Secondly 

the cell builds up a sufficiently large store of energy (energy reservoir) to carry the process 

through.  

Cell division is achieved by two 

integral activities division of nucleus 

known as Karyokinesis and division of 

Cytoplasm Cytokinesis. Karyokenesis 

takes place through series of changes 

an stages cytokinesis takes place 

through cleavage and separation of the 

cytoplasm at the final stage of cell 

dovision Homologous chromosome: 

chromosomes which come from 

mother and father Chromatin: the 

material of chromosome 

(nucleoprotein) Chromatid: identical 

half of a chromosome 



108 

 

Significance 

Meiosis facilitates stable sexual 

reproduction. Without the halving of 

ploidy, or chromosome count, fertilization 

would result in zygotes that have twice the 

number of chromosomes as the zygotes 

from the previous generation. Successive 

generations would have an exponential 

increase in chromosome count. In 

organisms that are normally diploid, 

polyploidy, the state of having three or 

more sets of chromosomes, results in 

extreme developmental abnormalities or 

lethality. Polyploidy is poorly tolerated in 

most animal species. Plants, however, 

regularly produce fertile, viable polyploids. 

Polyploidy has been implicated as an 

important mechanism in plant speciation. 

Most importantly, recombination and 

independent assortment of homologous 

chromosomes allow for a greater diversity 

of genotypes in the offspring. This 

produces genetic variation in gametes that 

promote genetic and phenotypic variation 

in a population of offspring. Therefore a 

gene for meiosis will be favoured by 

natural selection over an allele for mitotic reproduction, because any selection pressure 

which acts against any clone will act against all clones, whilst inevitably favoring some 

offspring which are the result of sexual reproduction. 

(Source : different websites) 
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6«lkHd / 6\oflS; (Tropism and Taxis) 

hLjx¿n] aflx/L pTk|]/ssf] k|jfxjf6 k|ltls|of b]vfpg] ub{5g\ . o;sf] kl/0ffd :j?k plgx¿df 
rfn (movement) pTkGg x'g] ub{5 . k|sf;, u?Tj, cfb{tf, /;fog h:tf pTk|]/sjf6 k|jflxt eP/ 
lj?jfsf ljleGg c+un] b]vfpg] rfnnfO{ 6«lks rfn (tropic movement) elgG5 . of] b'O{ k|sf/sf] 
x'G5 6«lkHd / gfl:6h (tropism and nasties) jflxl/ pTk|]/ssf] k|efjn] s]lx hLjx¿sf k'/} z/L/df 
rfn (locomotion) pTkGg x'g] ub{5, o;nfO{ 6\oflS;; (taxis) jf 6\oflS;Hd (taxism) elgG5 . 
ljleGg k|of]ujf6 6«lkHd / 6\oflS;; b]vfpg ;lsG5 . 

lhof]6«lkHd ;DaGwL k|of]u 

;fdu|L M @ cf]6f k]l6«l8;, c+s'/0f eO{ /fv]sf] s]/fpsf ljpmx¿, skf;, /a/AofG8 

!=  # –$ cf]6f l;wf /]l8sn ePsf] c+s'/0f eO{ /fv]sf] s]/fpsf ljpmx¿ lng] . 

@=  oL ljpmx¿nfO{ leh]sf] skf;sf] b'O{ kqsf] ljrdf ldnfP/ /fVg] . 

#=  ljpm ;lxtsf] skf;nfO{ Pp6f k]6«Ll8;df /fv]/ csf]{ k]6«Ll8;n] 5f]Kg'xf];\ / ljpmx¿ oyf 
cj:yfdf /xg] u/L /a/JofG8n] /fd|/L afWg] . 

$=  k]6«Ll8;nfO{ k|sf; gl5g]{ u/L cGWof/f] skaf]8{÷b/fh jf sf6'{gdf /fVg] . 

%=  @ lbg kl5 k]6«Ll8; lems]/ ljpmx¿sf] /]l8sn cjnf]sg ug]{ . 

xfO8«f]6«lkHd  

;fdfu|LM Knfli6s jf l6gsf] vfnL a§f jf ls:tL tf/sf] hfnL jf e'mnsf] hfnLsf] 6's|f l/sfkL, df6f] 
leh]sf] jf]l8 jf s]/fp . 

ljlw M 

!=   Pp6f vfnL l6g jf jfs; lng] / To;sf] lk“wdf Kjfn kfg]{ . 

@=   KjfnnfO{ hflnn] 5f]Kg'xf];\ / To;dfly @–# ;]=ld= cf]l;nf] df6f] xfNg] . 

#=   df6f]df $–% cf]6f jf]8L jf s]/fpsf] jLp df6f]df uf8\g] . 

$   ls:tL jf a§fnfO{ l/sfkL dfly /fVg'xf];\ / l/sfkLdf kfgL xfNg] .  

%=   o;nfO{ Ps lbg lj/fP/ cjnf]sg ug]{ . l/sfkLdf kfgL 5}g eg] kfgL xfNg] . lj?jfx¿sf] 
h/f stflt/ uPsf 5g\ cjnf]sg ug]{ . 

kmf]6f]6«lkHd  
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;fdfu|LM sf8{jf]8{ jfs;, cNd'lgod k\mjfOn jf lemlNemn] sfuh, ds} jf ux'“sf] a]gf{x¿ -seedling_ 
ePsf] ;fgf] ef“8f] -@_, ;nfOsf] sf6L . 

ljlwM 

!= cfNd'lgod k\mjfOn jf lemlNemn] sfuhsf] ;fgf;fgf 6'qmfnfO{ ;nfO{sf] sf“6Lsf] d;nf 
 ePsf] 6'Kkf]df j]/]/ 6f]kL agfpg] . 

@= o;/L tof/ ePsf] 6f]kLn] Pp6f ef“8f]df ePsf] a]gf{x¿sf] 6'Kkf]lt/sf] efu 3fd gl5g]{ u/L 
5f]Kg] . 

#= sf8{jf]8{ jfs;sf] Ps 5]pdf Kjfn kfg]{ / b'j} ef“8fx¿nfO{ jfs;df /fVg] . 

$= jfs;nfO{ 3fd nfUg] 7fp“df sl/j Ps xKtf;Dd /fVg] . 

%= Ps x:tf;Dd Ps lbg lj/fP/ a]gf{x¿sf] cjnf]sg ug]{ . 

kmf]6f]6«oflS;;\  

;fdfu|L M sf8{af]8{sf] jfs; -h'Qf /fVg] jf cGo_, s}rL, 6]k, sfuh, 6r{, df6f], u8of}nfx¿ -$–% 
cf]6f_  

ljlwM   

!= jfs;\sf] dflyNnf] efu -ljsf]{_ sf] Ps 5]pdf Pp6f uf]nfsf/ Kjfn -6r{sf] d'v eGbf 
 ;fgf]_ agfpg] . 

@= jfs;sf] ljsf]{df Pp6f sfuhsf] 6'qmf lk“weGbf sl/j @=% ;]=ld= dfly / jfs;sf] 
 Kjfn ePsf] 5]peGbf sl/j !) ;]=ld= 6f9f kg]{ u/L 6f“:g'xf];\ - lrqdf b]vfP h:t}_ 

#= jfs;leq lr;f]df6f] /fVg] / Kjfn ePsf] 5]plt/ $–% cf]6f u8of}nfx¿ xfNg] . 

$= jfs;sf Kjfnaf6 k|sfzleq kg]{ u/L 6r{ afNg] . 

%= 6r{ x6fP/ jfs;sf] ljsf]{ p3fg'{xf];\ / u8of}nfx¿sf] cj:yf cjnf]sg ug]{ . 

lsdf]6«oflS;;\  

;fdfu|L M :nfO8, Xof08 n]G;, 8«km/, Kof/fd]l;od sNr/, lkmSsf xf8«f]Snf]l/s Pl;8,  lrgLkfgLsf] 
3f]n . 

ljlwM 

!= Pp6f ;kmf :nfO8 lng'xf];\ / To;df @–# yf]kf Kof/d]l;od sNr/ xfNg] . 
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@= cj To;df Ps yf]kf Psbd} lkmSsf xfO8«f]Snf]l/s Pl;8 -sNr/sf] yf]kfsf] Ps5]pdf kg]{ 
u/L_ xfNg] . 

#= Xof08n]G;n] Kof/fd]l;odsf] rfn cjnf]sg ug]{ . 

$= cj oxL k|of]u Pl;8sf] ;§f lrgLsf] 3f]n xfn]/ ug]{ . 
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6«lkHd / 6\oflS;;jLrsf] leGgtf 

6«lkHd 6\oflS;; 

o;df jflxl/ pTk|]/ssf] k|jfxjf6 lj?jsf s'g} 

c+udf rfn pTkGg x'G5 . 

o;df jflxl/ pTk|]/ssf] k|jfxjf6 s]lx tNNff 

k|fl0fx¿sf] k'/} z/L/df rfn pTkGg x'G5 . 

of] vf; u/L a[lWb;+u ;DalGwt x'G5 . of] a[lWb;+u ;DalGwt x'b}g\ . 

o;df pTkGg x'g] rfn lgb]{lzt(directional) 
x'G5 . 

o;df pTkGg x'g] rfn lgb]{lzt (non-

directional) x'G5 . 

6«lkHd (Tropism) 

k|sfz (light), u'?Tj (Gravity), /;fog (chemical) 

h:tf s'g} aflx/L pTk|]/s (Stimulus) af6 k|efljt 

eP/ lj?jfsf] ljleGg c+ux¿n] b]vfpg] rfnnfO{ g} 

6«lkHd elgG5 . o; k|sf/sf] rfn rflx hlxn] klg 

j[l4sf] rfn g} x'g] ub{5 . olb j[l4 pTk|]/slt/ 

eO/x]sf] 5 eg] To;nfO{ kf]h]l6e 6«lks (Positive 

tropic) elgG5 / pTk|]/ssf] ljk/Lt eO/x]5 eg] 

To;nfO{ g]u]l6e 6«lks (negative tropic) elgG5 . 

6«lkHdsf] s]xL pbfx/0fx¿ tn lbOPsf 5g\ . 

 

kmf]6f]6«lkHd (phototropism/heliotropism) 

k|sf;jf6 k|jflxt eP/ pTkGg x'g] rfn g} kmf]6f]6«lkHd xf] . lj?jfsf] sf08 / ljpsf] slnof]K6fOn 
(coleoptiles) kf]h]l6e kmf]6f]6«lks (positive phototropic) pbfx/0f x'g\ . 

lhof]6«lkHd (Geotropism) 

u'?Tjjf6 k|jflxt eP/ b]vfpg] rfn g} lhof]6«lkHd xf] .  sf08 / slnof]K6fOn lgu]l6e lhof]6«lks 
(negative geotropic) / h/f kf]h]l6e lhof]6«lks (positive geotropic) sf pbfx/0f x'g\ . /fOhf]d 
(rhizome), /g/ (runner), 8fOlhof]6«lks (diageotropic) cyf{t u'?Tj;“u ()) sf]0fdf j[l4 eP/ 

hfg] x'G5g\ eg] Nof6«n h/f (lateral root) / sf08sf xf“ufx¿ Knflhof]lhof]6«lks(plagiogeotropic) 
cyf{t gt l;w}+ u'?Tjlt/ hfG5g\ gt t];f]{ g}, u'?Tj;“u sf]0f agfP/ a9b}5g\ . 
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lsdf]6«lkHd (chemotropism) 

s'g} /;fogjf6 pTk|]l/t eP/ lj?jfn] b]vfpg] rfn g} lsdf]6«lkHd xf] . cf]Do'nsf] dfOqmf]kfOn 
(micropyle) af6 pTkGg /;fog;“u k/fu gnL (pollentube) kf]h]l6e lsdf]6«lks x'G5 . s]xL 
df+;xf/L lj?jf h:t} ;g\8o'sf] / e]g; 6«ofk k|f]l6g;“u kf]h]l6e lsdf]6«lks x'G5g\ . 

xfO8f]6«lkHd (hydrotropism) 

kfgLjf6 pTk|]l/t eP/ pTkGg x'g] rfnnfO{ xfO8f]6«lkHd elgG5 . h/f / k/fu gnL kf]h]l6e 
xfO8f]6«lks (positive hydrotropic) x'G5g\ . 

x]K6f]6«lkHd (haptortropism)÷lyUdf]6«lkHd (thigmotropism) 

p 7f]; ;tx jf :kz{ (solid surface or touch) sf] k|efjjf6 pTkGg rfn g} x]K6f]6«lkHd jf 
lyUdf]6«lkHd xf] . 6]lG8«n (tendril), kf]h]l6e x]K6f]6«lks x'G5 . ;g 8o' (sundew) lj?jfsf] kftdf 
x'g] ;]G6«n 6]G6fsn (central tentacles) kf]h]l6e x]K6f]6«lks x'G5 . 

P/f]6«lkHd (Aerotropism) 

xfjf -clS;hg_ jf6 pTk|]l/t eP/ pTkGg x'g] rfn g}  P/f]6«lkHd xf] . k/fu gnL g]u]l6e P/f]6«lks 
(negatie aerotropic) pbfx/0f x'g\ .  

gfl:6h (Nasties) 

s'g} pTk|]saf6 k|efljt eP/ lj?jfsf] s'g} cª\un] lgb]{lzt lbzflt/ rfn gb]vfpg] jf egf}+ j[l4;“u 
c;DalGwt rfnnfO{ gfl:6h elgG5 . pbfx/0fsf] nflu nHhfjtL 3f“; (mimosa pudica) nfO{ :kz{ 
ubf{ o;sf kftx¿ v'DrG5g\ .  

6oflS;; (Taxis) 

Afflx/L pTk|]/saf6 k|efljt eP/ k|ltlqmof:j?k hLjx¿n] b]vfpg] rfn (locomotion) nfO{ g} 
6oflS;; (taxis) elgG5 . 6«lkHd h:t} 6oflS;; klg kf]h]l6e jf g]u]l6e x'g;S5 . o;sf] pbfx/0f 
tn lbOPsf] 5 . 

kmf]6f]6oflS;; (phototaxis)  

k|sfz jf6 pTk|]l/t eP/ k|fl0fx¿nf] b]vfpg] rfnnfO{ kmf]6f]6oflS;; elgG5 . o'lUngf (euglena) 
k|sfz ePlt/ hfg' kf]h]l6e kmf]6f] 6oflS;; xf] eg] u8of}nf, ;fª\nf] cGWof/f]lt/ hfg' lgu]l6e 
kmf]6f]6oflS;;sf] pbfx/0f xf] . 

lhof]6oflS;; (geotaxis) 

u'?Tj (gravity)jf6 pTk|]l/t eP/ k|fl0fx¿nf] b]vfpg] rfnnfO{ kmf]6f]6oflS;; elgG5 . pbfx/0f 
u8\of}nf df6f] d'lglt/ hfg' kf]h]l6e / kf/fdfl;od ef8f]sf] dflylt/ hDdf x'g' g]u]l6e 
lhof]6\oflS;; sf] pbfx/0f xf] . 
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lsdf]6oflS;; (chemotaxis) 

s'g} /;fog (chemical) jf6 pTk|]l/t eP/ k|fl0fx¿n] b]vfpg] rfnnfO{ lsdf]6oflS;; xf] lne/j6{ 
(liverworts), sfO{, pGo' (ferns) sf aLhf0f' (sperms) c08f0f' (ovum) af6 lg:sg] kbfy{lt/ bf}8g' 
kf]h]l6e lsdf]6oflS;; xf] . nfdv'6\6] eufpg] w'k afNbf jf Dof6\ jfNbf To;af6 k|efljt eO{ 
nfdv'6\6]x¿ 6f9f efUg' lgu]l6e lsdf]6oflS;; (negatie chemotaxis) xf] . 

P/f]6oflS;; (aerotaxis) 

xfjf -clS;hg_jf6 pTk|]l/t eP/ k|fl0fx¿n] b]vfpg] rfnnfO{ P/f]6oflS;; elgG5 . df]6fOn P/f]ljs 
JofS6f]l/of clS;hg ePlt/ hfg' kf]h]l6e P/f]6oflS;; xf] . 

pTk|]/s – r'Djlso If]q (magnetic field) 

DofUg]6oflS;; (magnetotaxis) 

r'DasTjjf6 pTk|]l/t eP/ k|fl0fx¿n] b]vfpg] rfnnfO{ DofUg]6f]6\oflS;; elgG5 . s]xL df]6fOn 
JofS6]l/ofn] kf]h]l6e DofUg]6f]6oflS;; b]vfpb5g\ . 

l/of]6oflS;; (rheotaxis) 

/]lh:6]G; (resistance)jf6 pTk|]l/t eP/ k|fl0fx¿nf] b]vfpg] rfnnfO{ kmf]6f]6oflS;; elgG5 . 
Knfg]l/of (planaria) n] kfgLsf] wf/ (water current) lj?4 rfn b]vfpg' / k'tnLx¿ xfjfdf p8\g' 
kf]h]l6e l/of]6oflS;;sf] pbfx/0f xf] .            
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cGtl/If lj1fg (Astronomy) 

cGtl/If lj1fgsf] s]Gb| ljGb' ;"o{ xf] . ;f}o{ kl/jf/df u|x tf/f, pku|x, w'd| s]t' tyf pNsf lk08x¿ 
cflb kb{5g\ . cGtl/Ifdf x'g] k|dv ultljlwx¿df u|x tyf tf/fx¿n] cfkm\g} cIfdf / s'g} 7"nf] csf]{ 
lk08nfO{ kl/qmdf ug'{ xf] . o;/L lglZrt b"/Ldf /x]/ Psn] csf]{nfO{ kl/qmdf ug'{ g} of] a|Xdf08sf 
;Dk"0f{ lk08x¿sf] d'Vo sfo{ xf] . k[YjLdf lbg/ft x'g', Ct' kl/jt{g x'g', u|x0f nfUg' cflb o;}sf] 
kl/df0f xf] . la;f}+ ztflAbsf dxfg j}1flgs cNj6{ cfOG:6fOgn] zlQmsf] lgdf{0fsf ljgf; ug{ 
;lsb}g of] t s]jn Pp6f ?kaf6 csf]{ ?kdf ?kfGt/0f x'g] k|lqmof dfq xf] eg]sf 5g\ . zlQmsf] 
?kfGt/0fsf] qmddf x'g] ljleGg lqmofsnfksf] l;nl;nfdf g} u|x / tf/fx¿sf] lgdf{0f tyf ljgf; 
x'G5 . o; a|Xdf08df /x]sf k|To]s kbfy{sf] lglZrt cfo' x'G5 . k|f0fL tyf jg:kltx¿sf] cfo' 
ePh:t} kbfy{ / o;af6 agsf lk08 cyf{t\ u|x jf tf/f cflbsf] ;d]t lglZrt cjlwsf] hLjg 
x'G5 . lglZrt cjlw kl5 ljleGg ?k kl/jt{g ub}{ oLlgx¿sf] hLjg ;dfKt x'G5 . o; kf7df 
o;}sf] ;]/f]km]/f]df /x]/ rrf{ ul/g]5 . o; kf7sf] 5nkmnsf] ljifoj:t', tf/fsf] hLjgL, sfnf] l5b|, 
u|x / tf/fx¿ lrGg] tl/sf x'g]5 .  

tf/fsf] hLjgL (Life cycle of star) 

tf/f Uof; / w'nf]sf] vflbPsf] 8Nnf] xf] . ha cGtl/Ifdf Uof; w'nf]sf] s0f / ljzfn afbn Ps 
cfk;df cfslif{t x'G5 ta o;sf] s]lGb|o efudf pTkGg x'g] u'?Tjfsif{0fn] xfO8«f]hg Uof; s]Gb| 
efult/ vflbG5 . ;dosf] cGt/fndf o;/L vflbPsf] xfO8«f]hg Uof; 3'Dg -spin_ yfN5 . ha 
xfO8«f]hg Uof; tLa| ultdf 3'Dg yfN5, of] tfltg yfN5 . o; cj:yfnfO{ k|f]6f]:6f/ (Protostar_ 
elgG5 . Pjd\l/tn] tf/sf] leqL efudf tfkqmd a[l4 eP/ sl/a !,%),)),))))

C k'U5 .  To;kl5 
pQm efudf cf0fljs km\o'hg (Nuclear fusion) k|lqmof z'? x'G5 . o; cj:yfdf $ cf]6f 
xfO8«f]hgsf k/df0f'x¿ cfk;df ;+of]hg eO lxlnod Uof; aGb5 . t/ o;/L aGg] lxlnod Uof;sf] 
lk08 $ cf]6f xfO8«f]hg Uof;sf] eGbf )=& k|ltzt Go"g x'G5 . pQm lk08 zlQmdf kl/0ft x'G5 
h;nfO{ cfOG:6fOgsf] ;"q E = MC

2 n] dfkg ug{ ;lsG5 . o;/L pTkGg x'g] zlQm tfk / k|sfzsf] 
?kdf pQm Uof;sf] 8Nnf]af6 rf/}lt/ km}lnG5 . ha pQm k|sfz xfd|f] cf+vf;Dd cfOk'U5 xfdL pQm 
j:t'nfO{ b]V5f}+ . o;/L ag]sf] x/bd aln/x]sf] b]lvg] Uof;sf] 8Nnf] g} tf/f xf] . of] g} tf/f aGg] 
lgoldt k|lqmof xf] . of] cj:yfdf tf/f sd v'DrG5 / l:y/ (Stable_ x'G5 .  

tf/fsf] hLjgL o;sf] lk08df e/ kb{5 . w]/} lk08 ePsf] tf/fdf Go"lSno/ k|ltlqmof tLa| ultdf 
x'G5 h;n] ubf{ tf/f nfdf] ;do;Dd l:y/ /xg ;Sb}g t/ yf]/} lk08 ePsf] tf/fdf Go"lSno/ k|lqmof 
l9nf] x'G5 . o:tf] tf/fsf] hLjg cjlw nfdf] x'G5 . o:tf] tf/f w]/} rlDsnf] x'+b}g t/ o;sf] hLjg 
nfdf] x'G5 .  

tf/fsf] s]lGb|o efudf nuftf/ ?kdf xfO8«f]hg Uof; lxlnod Uof;df kl/0ft x'“bf nfvf} s/f}8f}+ 
jif{;Dd tf/fx¿ Psgf;n] tfk k|sfz lbO/xG5g\ . t/ ;dosf] cGt/fndf tf/fsf] s]Gb| efudf 
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/x]sf] xfO8«f]hg Uof; l;l4g yfNb5 . of] cj:yfdf tf/f v'DrG5 / cl:y/ -Unstable _ aG5 . of] 
g} tf/fsf] hLjgsfnsf] sl/a clGtd v08 xf] . o;/L leqL efudf tf/f v'DrG5 eg] aflx/L efudf 
/x]sf] xfO8«f]hgn] ubf{ tf/f aflx/ lt/ km}ng yfN5 . ha tf/f lr;f] eP/ km}lnG5 o;n] ljzfn ?k 
lnG5, sd tftf] / /ftf] x'G5, To;}n] tf/fsf] of] ?knfO{ /ftf] ljzfn tf/f -Red giant star_ 
elgG5 . /ftf] ljzfn tf/f;Ddsf] r/0fdf ;a} k|sf/sf tf/fx¿ k'Ub5g\ . To;kl5 logLx¿n] s'g 
dfu{ ckgfpg] eGg] s'/f tf/fx¿sf] cfsf/ / logLx¿sf] lk08df e/ kb{5 . h; cg';f/ tkl;nsf 
b'O{ cf]6f cj:yfaf6 tf/fx¿sf] hLjg lnnf ;dfKt x'G5 .  

dWod :t/sf] tf/f (Medium stars) 

Uof;, w'nf]sf] s0f / afbnsf] ld>0faf6 ag]sf] tf/f olb ;"o{ hqf] jf ;"o{ eGbf ;fgf] /x]5 eg] /ftf] 
ljzfn tf/f ag]kl5 klg aflx/L efudf xfO8«f]hg Uof; lxlnoddf kl/0ft x'g] sfo{ eO/xG5 eg] 
leqL efudf o;sf] tfkqmd qmlds ?kn] a[l4 eO sl/a @),)),)),))))

C k'Ub5 . o; cj:yfdf 
tf/fsf] s]lGb|o  efudf ePsf] lxlnod Uof; sfa{gsf c0f'x¿df kl/0ft x'G5 . t/ o;sf] aflx/kl§ 
aln/x]sf] xfO8«f]hgn] Pp6f l/ª\u -ring_ agfPsf] x'G5 h;nfO{ Planetary nebula elgG5 . s]Gb| 
efudf ePsf] lxlnod ha sfa{gdf kl/0ft eO;S5 cl;ldt u'?Tjfsif{0fn] ubf{ tf/f v'Drg yfN5 . 
t/ ha u'?Tjfsif{0f an / On]S6«f]gsf] afbnsf] rfk a/fa/ x'G5 ta tf/fsf] v'lDrg] qmd /f]lsG5 / 
;Gt'ngdf cfp“5 . o; cj:yfsf] tf/fnfO{ ;]tf] afd -White dwarf_ elgG5 . ;]tf] jfdn] nuftf/ 
?kdf rlDsnf] tfk / k|sfz 5f]l8/xG5 . ha o;sf] aflx/L ;txdf ePsf] xfO8«f]hg Uof; l;l4G5 
ta km\o'h lqmof aGb x'G5 kl/0ffd :j?k k|sfz tf/faf6 aflx/ cfpg] sfo{ aGb x'G5 . tf/fsf] o; 
cj:yfnfO{ sfnf] jfd -Black dwarf_ elgG5 . To;kl5 pQm tf/f ;w}+ olx cj:yfdf g} /lx/xG5 .  

ljZffn tf/f (Massive Stars) 

olb tf/fsf] cfsf/ ;"o{eGbf 7"nf] 5 eg] /ftf] ljzfn tf/fsf] l:yltdf cfOk'Ubf o;sf] s]Gb| efudf 
ePsf] lxlnod sfa{gdf kl/0ft x'G5 . s]Gb|efudf ePsf] cl;ldt u'?Tjfsif{0fn] ubf{ tfkqmd a[l4 
x'g] qmd /f]lsb}g kmn:j?k sfa{gsf c0f'x¿ clS;hg, gfO6«f]hg / cGtdf cfO/gdf kl/0ft x'G5g\ .  

o; cj:yfdf km\o'hg k|lqmof /f]lsG5, cfO/gsf c0f'x¿n] zlqm cfkm"lt/ cfsif{0f u5{g\ . cGtdf 
cfO/gsf c0f'x¿n] zlQm 5f]8b5g\ / tf/f la:kmf]6 x'G5 . tf/fsf] of] ?knfO{ ;'k/ gf]ef -Super 
nova_ elgG5 . tf/f lj:kmf]6 x'“bf o;sf] tfkqmd sl/a !,)),)),)),))))

C hlt k'Ub5 / 
xKtf}+;Dd cfsf; pHofnf] eO/xG5 . ;'k/gf]ef lj:kmf]6g kl5 klg km]/L b'O{cf]6f cj:yf cfp“5 .  

klxnf] cj:yf M olb ;'k/ gf]ef lj:kmf]6g kl5 af“sL /x]sf] lk08 # ;f}o{ lk08;Dd ePdf o;sf] dWo 
efudf lk08 vf+lbg] qmd cem} a9\5 / o;nfO{ On]S6«f]gsf] rfkn] yfDg ;Sb}g kmn:j?k On]S6«f]gx¿ 
Go"lSno; leq l5/]/ Go'6gdf kl/0ft x'G5 . t/fsf] cjz]if o; cj:yfdf cToGt ;fgf] / Go'6«gsf] 
?kdf dfq /xG5 h;nfO{ Go'6«g :6f/ -Neutron Star_ elgG5 .  
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bf];|f] cj:yf M olb ;'k/gf]ef lj:kmf]6 kl5 af“sL /x]sf]lk08 # ;f}o{ lk08 eGbf al9 ePdf s]Gb|lt/ 
efl;g] bjfanfO{ Go'6«gsf] ljsif{0fn] yfDg ;Sb}g / cl;ldt u'?Tjfsif{0fsf] sf/0fn] tf/fsf] s]lGb|o 
efult/ vf+lbg] qmd hf/L /xG5 . o:tf] cj:yfdf tf/f cl;ldt u'?Tjfsif{0f  ePsf] lk08df kl/0ft 
x'G5 hxf+af6 k|sfz klg aflx/ cfpg ;Sb}g h;nfO{ sfnf] l5b| -Black hole_elgG5 . o;/L w'nf] 
w'jf Uof; / afbnsf] u'h'N6f] cyf{t\ -Stellar nebula_ af6 /ftf] ljzfn tf/f x'+b} ;]tf / sfnf jfd 
cyf{t\ Go"6«g tf/f tyf sfnf] l5b| ;Dd aGg] tf/fsf] hLjgL k|f0fLsf] hLjg h:t} hGd, a[l4 / 
d[To';+u d]n vfG5 . tf/fsf] hLjg rqm a'‰g;“u}sf] lrqn] tkfO{+nfO{ cem w]/} ;xof]u ub{5 .  

         tf/fsf] hLjg rqm 

tkfO{+nfO{ yfxf ePs} s'/f t xf] < 

 cfsfzuª\uf tf/fk'~h -Milky way galaxy_ df nueu $)) c/a tf/fx¿ 5g\ .  

 k|To]s jif{ cfsfz uª\uf tf/fk'~hdf sl/a & cf]6f gof+ tf/fx¿ aGb5g\ .  

 cfsfz uª\uf tf/fk'~hdf k|To]s %) jif{df ;'k/gf]ef b]vfkb{5 . t/ ;a} ;'k/gf]efx¿ 
k[YjLaf6 b]lv+b}gg\ .  ;g\ 1604 df  cfsfzuª\ufdf ;'k/gf]ef b]lvPsf] lyof] .  

 ;"o{df x'g] Go"lSno/ k|lqmofdf k|lt ;]s]08 &)) ldlnog 6g xfO8«f]hg Uof; lxlnoddf 
kl/0ft x'G5 .  

 ;"o{sf] s]lGb|o efusf] tfkqmd !^ ldlnog l8u|L ;]lG6u|]8 5 .  
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sfnf] l5b| -Black hole_ 

;'k/gf]ef lj:kmf]6g kl5 cjz]ifsf] ?kdf /x]sf] lk08 # ;f}o{ lk08eGbf al9 ePdf s]Gb| efu lt/ 
vf+lbg] qmdnfO{ On]S6«f]g Uof;sf] bjfan] /f]Sg ;Sb}g .  

ha pQm lk08sf] cw{Jof; -Schwarzschild Radius) = 2GM /c
2
 a/fa/ x'G5, ta o;af6 k|sfz 

klg aflx/ cfpg ;Sb}g To;}n] pQm j:t' gb]lvg] x'“bf o;nfO{ sfnf] l5b| -Black hole_ elgG5 .  

oxf+,  c- k|sfzsf] ult -Velocity of light_  

 G- u'?Tjfsif{0f cr/ -Gravitational constant_  

 M- sfnf] l5b|sf] lk08 -Mass of black hole_  

sfnf] l5b| -Black hole_af6 k|sfz klg aflx/ gcfpg] x'“bf pQm j:t' b]lvb}g To;}n] sfnf] elgof] . 
l5b|sf] cy{ s] xf] eg] o;sf] cf;kf;df cfPsf ;a}j:t'x¿nfO{ o;n] cfkm}df ;dflxt ub{5 . To;}n] 
gb]lvg] t/ cfkm\gf] jl/k/L cfPsf j:t'x¿nfO{ cfkm}df ;dflxt ug]{ ePsfn] otf lk08x¿nfO{  sfnf] 
l5b| -Black hole_ elgPsf] xf] . o; a|Dxf08df b]lvg]eGbf gb]lvg] kbfy{sf] dfqf 7"nf] 5 lsgeg] 
b]lvg] j:t'x¿ -Visible Object_ cgGtsfndf gb]lvg] -Invisible_df kl/0ft x'G5g\ . o; a|Dxf08df 
ePsf ;Dk"0f{ kbfy{x¿dWo] !) k|ltzt dfq b]Vg ;lsG5 / af“sL () k|ltzt nfO{ b]Vg g;lsg] ts{ 
cGtl/If lj1x¿sf] 5 . s'g} klg lk08 sfnf] l5b|df kl/0ft ePdf o;sf] cfsf/ Hofb} g} 36\5 . 
pbfx/0fsf] nflu ;"o{ sfnf] l5b|df kl/0ft ePdf o;sf] cw{Jof; # Km x'G5 eg] k[YjL sfnf] l5b|df 
kl/0ft x'g] xf] eg] o;sf] cw{Jof; # cm dfq x'G5 . sfnf] l5b|sf] aflx/L 3]/f hxf“af6 s'g} j:t' 
aflx/ cfpg ;s\b}g . pQm 3]/f leqsf lqmofsnfk / ultljlwx¿sf] af/]df s]lx klg hfgsf/L 

kfpg g;lsg] ePsf] x'gfn] g} pQm 3]/fnfO{ Event horizon elgPsf] xf] . ;“u}sf] lrqn] sfnf]l5b| 
aGg] k|lqmofsf] af/]df k|i6 kfb{5 .  
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                                      Intermediate size black hole in Globular Cluster 
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sfnf] l5b|sf] klxrfg  

a|Dxf08df ePsf sfnf] l5b|x¿ b]lv+b}gg\ t/ klg lgDgfg';f/sf] ljlw ckgkfP a|Dxf08sf] s'g}klg 
If]qdf sfnf] l5b| ePsf] cg'dfg ug{ ;lsG5 .  

-s_  sfnf] l5b| zlQmzfnL ePsf] x'“bf cb[Zoj:t'sf] j/Lk/L  kl/qmdf ug]{ cGo lk08 6]ln:sf]kaf6 
b]Vg ;lsG5 . o;af6 sfnf] l5b|sf] cg'dfg ug{ ;lsG5 .  

-v_  s'g} klg lk08 cb[Zo j:t'sf] j/Lk/L 3'Dbf Tof] kbfy{n] zlQmzfnL X-Ray kmfNb5 . o;nfO{ 
rGb| X-Ray Telescope n] dfkg ug{ ;lsG5 . o; k|sf/ zlQmzfnL /]l8of] t/ª\u cb[Zo 
lk08 / cGo kbfy{ aLrsf] cGt/lqmofaf6 dfq lg:sg ;Dej x'G5 . To;}n] o; k|sf/sf] X-

ray ls/0fsf] cfudgsf] cfwf/df sfnf] l5b|sf] cl:tTjnfO{ :jLsf/ ug{ ;lsG5 .  

sfnf] l5b|;+u ;DalGwt s]lx zAbfjnLx¿  

Schwarzschild radius 

It is often expressed as a circumference; this term describes how far the event horizon is 

from the black hole - 18.5 km circumference per solar mass.  

Chandrasekhar Limit 

 A theoretical mass limit derived by the Indian physicist, Subrahmanyan Chadrasekhar. This 

limit was thought to be the maximum mass of dying star without collapsing into a black hole.   

Event Horizon 

 This is a sphere around a non spinning black hole where time stops and radial distance is 

infinitely stretched.  Its circumference is 18.5 km per solar mass.   

 Singularity 

All matter falling into a black hole will end up at the singularity located at the center.  The 

singularity is of infinite mass density and infinite curvature.   

Spaghettification 

It is what happens when an in-falling object reaches the point where the tidal forces get so 

great that an object gets pull apart into a long spaghetti like string of atoms and then even the 

atoms get pulled apart.  Tidal forces at the event horizon for a galactic black hole are small 

and a person can fall through the horizon without even knowing it.  

 Frame Dragging:   

This is a phenomenon associated with spinning black holes.  Since everything has to cross 

the event horizon at the speed of light, there is no “headroom” left over for any lateral 

motion relative to the black hole’s spin.  Space-time, as well as any object, being sucked into 

the hole will rotate with the black hole’s spin when crossing the horizon.   

 



122 

 

 Hawking’s Radiation:  

Steven Hawking first realized that a black hole radiates with mathematical properties like 

thermal radiation - the smaller the black hole, the larger the thermal equivalent.  Even though 

nothing can escape the event horizon, virtual particles that pop into existence (always as 

matter-antimatter pairs) close to the event horizon can sometimes have one particle fall into 

the horizon while the other particle escapes.  Particles that appear close to the horizon have 

negative potential energy.  In this case the negative potential energy dominates over the mass 

energy and the particle falling in has the effect of reducing the mass of the black hole. To an 

observer on the outside, the black hole appears to be radiating mass and energy.  

u|x / tf/fsf] klxrfg ug]{ tl/sf  

cfsfzdf ePsf cgluGtL tf/f / cf7cf]6f u|xx¿ lrGgsf] nflu o; ljifodf s]lx 1fg / lg/Gt/ 
cEof;sf] h?/t kb{5 . ;a} eGbf klxn] s'g u|x xf] / s'g tf/f xf] 5'6\ofpg ;Sg'kb{5 . u|x / tf/f 
5'6\ofpgsf] nflu tnsf] tflnsfn] d2t ub{5 .  

u|x tf/f 

!=  u|x cfsfzdf otfptL ;l//xG5 .  !=  tf/f cfsfzdf otfptf ;b}{gg\ .  

@=  u|x Psgf;n] rDsG5 .  @=  tf/f rdrd u/]/ rDsG5g\ .  

#=  u|xx¿ cfsfzdf ;"o{ lx8\g] af6f]sf] 
cf;kf;df b]lvG5g\ .  

#=  tf/fx¿ cfsfzdf htftt} 5l/P/ /x]sf] 
kfOG5 .  

$=  u|xsf] cfkmgf] k|sfz x'+b}g  $=  tf/fsf] cfkm\g} k|sfz x'G5 .  

u|x klxrfg ug]{ tl/sf  

cf7cf]6f u|xx¿ dWo] $ cf]6f u|xx¿ z'qm, dª\un, a[x:klt / zgL k[YjLaf6 cjnf]sg ubf{ ;lhb} 
b]Vg ;lsG5 .  

 a'w u|x ;"o{sf] glhs} 5 / ;fgf]klg 5 . of] u|x k|fo ;"o{;“u} pbfpg] / c:tfpg] ePsfsf/0fn] 
ubf{ gfª\uf] cf+vfn] b]Vg d'lZsn k5{ .  

 z'qm u|x a]n'sL ;"of{:t k|Zrft klZrdL cfsfzdf jf ;"of]{bo x'g' egbf klxn] k"jL{o cfsf;df 
b]lvG5 . of] u|x w/} rlDsnf] x'G5 . 

 dª\un u|x /ftf] /ftf] / dw'/f] b]lvG5 . z'qm u|xeGbf sd t/ j[x:klt u|x cGo tf/fsf] 
bf“hf]df a9L rlDsnf] b]lvG5 .  

 a[x:klt u|xn] lbglbg} 7fp+ km]5{ .  

 To;}u/L zgL u|x a[x:klt eGbf sd rlDsnf] / cGo rlDsnf] tf/f h:t} b]lvG5 . cGo 
tf/fx¿sf] bf+hf]df o; u|xn] klg ;w}+ cfkm\gf] :yfg kl/jt{g ub{5 . 

 k[YjL xfdL a;f]jf; u/]s} u|x eof] .  

 c?0f / j?0f Hofb} 6f9f ePsf] x'gfnf] b]lv+b}g .  
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cfsfzdf b]lvg] u|xx¿ klg ;a} ;w}+ e/L b]lv+b}g s'g u|x slxn] b]lvG5 eGg] yfxf kfpgsf nflu 
kfqf]sf] ;xfotf lng ;lhnf] / e/ kbf]{ x'G5 . kfqf]df /x]sf] u|x s'08nLsf] cfwf/df s'g dlxgf / 
;dodf k[YjLsf] cfsfzdf s'g u|x b]Vg ;lsG5 eGg] s'/f kQf nufpg ;lhnf] x'G5 . pbfx/0fsf 
nflu @)^* ;fn c;f/ !^ ut]sf] u|x s'08nL x]/f}+ g .  

                                

 

 

 

 

 

 

 

 

 

o; s'08nLdf b]lvPsf ! b]lv !@ ;Ddsf] ;+Vofn] !@ cf]6f /fzL cyf{t\ tf/fd08n hgfp5 . 
cfsfzdf /x]sf ** cf]6f tf/fd08ndWo] !@ cf]6f tf/fd08nsf] cf;kf;af6 ;"o{ lx8\g] ePsf] 
x'gfn] ;"o{ lx+8\g] kl/kynfO{ o;/L !@ cf]6f /fzL cyf{t\ tf/fd08ndf ljefhg ul/Psf] xf] . ;"o{ s'g 
dlxgfdf s'g s'g /fzLdf a:b5 / To;sf] cjlw slt x'G5 eGg] s'/f tnsf] tlfnsfdf lbOPsf] 5 .  

qm=;+ /fzL cfsf/ dlxgf cjlw 

! d]if- Aries_ e]8f a}zfv March 21-April 19 

@ a[if -Taurus_ ;f+9] h]7  April 20-May 20 

# ldy'g -Gemini)   h'DNofxf c;f/ May 21- June 20 

$ ss{6 -Cancer_  u+u6f] >fj0f June 21- July 22 

% l;+x -Leo_ l;+x efb| July 23-August 22 

^ sGof -Virgo_  sGof cflZjg August 23-September 22 

& t'nf -Libra_  t'nf] sflt{s September 23-October 22 

* a[lZrs -Scorpio_ laR5L d+l;/ October 23-Novenber 21 

( wg' -Sagittarius _  wg' kf}if November 22-December 21 

% 

$ a' 

# ;", z' 

^ z 

@ d+, 
s] 

! a[ 

!@ 

& ( !! 

* /f !) 
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!) ds/ -Capricorn_  uf]xL df3 December 22-January 19 

!! s'De -Aquarius_ 38f kmfNu'0f January 20-February 18 

!@ dLg -Pisces_  df5f] r}q February 19-March 20 

pQm s'08nL cg';f/ ;"o{ t];|f] /fzL cyf{t\ ldy'g /fzLdf kb{5 . ldy'g /fzLdf z'qm ;d]t kg]{ 
ePsfn] z'qm u|x ;"o{;“u} pbfpg] / c:tfpg] ugf{n] o; cjlw z'qm u|x b]lv+b}g . @)^* cfiff9 !^ 
ut];"of]{bo % ah]/ !# ldg]6df / ;"of{:t a]n'sL !( ah]/ @ ldg]6 hf+bf x'g] s'/f kfqf]df n]lvPsf] 
5 . cfsfzdf k|To]s @ 306fdf tf/fd08nn] #))  kf/ ub{5 . To;}n] x/]s @ 306fdf cfsfzdf 
;f]xL 7fp+df gof+ gof+ /fzL b]lvG5 . h;nfO{ ;“u}sf] lrqn] k|i6 kfb{5 .  

 

lrq -@_ sf] cfwf/df klZrd cfsfzdf a]n'sL & ah] ;"o{ c:tfp5 . ;"o{ ;“u} z'qm u|x klg 
c:tfpg] ePsfn] z'qm u|x blv+b}g . ;"o{ c:tfp+bf To;sf] #)) dfly klZrd lIflthdf a'w u|x 
b]lvG5 t/ of] ;f/} ;fgf] ePsf] x'gfn] gfª\uf] cf+vfn] 7Dofpg d'l:sn k5{ . zlg u|x sGof /fzLdf 
k/]sf] 5 . of] u|x ;"of{:tsf] ;dodf 6fpsfsf]  dfly b]lvG5 . pQm u|x ^ 306f kl5 cyf{t\ /ftsf] 
! ah] klZrd lIflthdf c:tfp+5 . Pjd\ l/tn] /fzLx¿ ;b}{ hf+bf laxfg # ah] k"j{ lIflthdf 
a[x:klt u|x b]lvG5 eg] To;sf] @ 306f kl5 dª\un u|x b]lvG5 . oxf+ /fx'  Pjd\  s]t'sf] u|x 
xf]Ogg\ . 

ltgLx¿ rGb|df / k[YjLsf] kl/ky sfl6Psf] lrGx dfq x'g\ . dflysf] tl/sf ckgfP/ lgoldt cEof; 
ug]{ xf] eg] 5f]6f] ;dodf u|x klxrfg ug{ ;lsG5 .  

tf/fx¿sf] klxrfg ug]{ tl/sf 

tf/fx¿sf] klxrfg ug'{eGbf klxn] tf/fd08nsf] klxrfg ug'{ k5{ . k|frLgsfndf cfsfzdf b]lvg] 
tf/fx¿sf] ;d"xsf] cfs[ltnfO{ hgfj/, b]jtf jf s'g} sfNklgs j:t';+u ldNg] sNkgf u/L 

^ z 
& 

* /f 

( 
k"j{          

!) 

!! 
!@ 

! a[   

@ d+, 
s]=  

# klZrd 

;", z'   

$= a' 

% 
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tf/fd08nsf] gfdfs/0f ul/Psf] lyof] . cfh klg tf/fd08nsf] gfdfs/0f ToxL g} sfod 5 . 
pbfx/0fsf] nflu l;+x-Leo_, df5f-Pisles_, ;f+9] -Taurus_ cflb . To;} u/L u|L;df k|rlnt bGTo 
syfdf cfwf/df zld{i7f -Cassiopeia_, d[u -Orion_ cflb tf/fd08nsf] gfdfs/0f ul/Psf] 5 . 
cfsfzdf ePsf tf/fx¿sf] ;d"xnfO{ Hof]ltifx¿n] ** cf]6f efudf ljefhg u/]sf 5g\ . cfsfzsf] 
pQ/L uf]nfw{af6 b]lvg] tf/fd08n blIf0fL uf]nf4{af6 b]lv+b}gg\ . blIf0fL uf]nfw{df b]lvg] tf/fx/sf] 
gfd klg hgfj/ tyf j}1flgs ;fdu|Laf6 h'/fOPsf] kfOG5 . 6]n]:sf]lkod, d':sf -Musca, 6'sgf  
-Tucana_ cflb o;}sf pbfx/0fx¿ x'g\ . s'g} Ps df};ddf b]lvg] tf/f tyf tf/fd08n csf]{ 
df};ddf b]lvb}gg\ . tf/fd08sf] klxrfg ug{sf] nflu logLx¿sf] cfsf/ / cfsfzdf b]lvg] ;do / 
df};dsf] hfgsf/L x'g cfjZos x'G5 . s'g} Pp6f tf/f lrg] kl5 To;}sf] cfwf/df c? tf/fx¿ 
klxrfg ug{ ;lhnf] x'G5 . pQ/L uf]nfw{af6 b]lvg] k|d'v tf/fd08nx¿ phf{ d]h/ -Ursa major_ 
cyf{t\ ;KtClif, w'j{ tf/f -Polar star_ / sZok -Cassopia_ xf] . o;sf cltl/qm sfnk'?if -Orion_ 
/ Soflg; d]h/ -Canis major_ cflb s]lx k5{g\ h;sf] klxrfg lgDg cfwf/df ug{ ;lsG5 .  

;KtClif -Ursa Major_ M 

of] tf/fd08n df3b]lv efb| dlxgf;dd bVg ;lsG5 . k'if dlxgfdf /ftL !) ah] b]lvg] of] 
tf/fd08n kmfu'glt/ eg] ;f+em % ah]lt/ g} pbfp+5 t/ h]7 c;f/ dlxgfdf lbp+;f] !@ ah] g} 
c:tfO;S5 To;}n] of] tf/fd08nfO{ pQm ;dodf b]Vg ;ls+b}g .  

w|'a tf/fM -Polar Star_M 

;KtClif tf/fd08nsf] 6fpsfdf /x]sf] b'O{cf]6f tf/fx¿ hf]8\g]/]vfaf6 tL b'O{ /]vfx¿sf] b'/L eGbf 
s/La % u'0ffsf] b'/Ldf /x]sf] dw'/f] vfnsf] tf/f g} w|'j tf/f xf] . of] tf/f g c:tfp+5 g pbfp+5 
g} . of] tf/f ef}luf]lns pQ/L w|'jsf] lIflth b]lv s/La @*) sf] prfOdf b]lvG5 .  

sZok -Cassiopia_ M 

of] tf/f c+u|]hL cIf/ 'W' sf] cfsf/sf] tf/fd08n xf] . ;KtClifsf] :yfgaf6 w|'jtf/f gf3]/ ljlk/t 
:yfgdf /x]sf] x'G5 . of] tf/fd08n efb| dlxgf lt/ ;f+emkv pQ/k"jL{ cfsfzdf b]Vg ;lsG5 . 
;KtClif / sZok tf/fd08nn] w|'j tf/fnfO{ 3l8sf] ;'On] h:t} kl/qmdf u5{ . w|'j tf/f tL b'O{sf] 
s]Gb|ljGb'df kg]{ ePsfn] ;w}+e/L crn ePsf] b]lvG5 . w|'j tf/f k[YjLsf] cIfaf6 l;wf k/]sfn] Ps} 
7fp+df k/]sf] b]lvG5 . sZok, w|'j / ;KtClifdWo] Ps k6sdf s'g} b'O{ cf]6f dfq tf/fx¿ b]Vg 
;lsG5 . ;KtClif pbfp+bf sZok c:tfp+5 . To;} u/L sZok pbfp+bf ;KtClif c:tfp+5 .  

sfnk'?if-Orion):  

sfnk'?ifnfO{  hglha|f]df ltgtf/] gfdn] lrlgG5 . tLgcfk]6f rlDsnf tf/f nx/} a;]sf] x'gfn] 
o;nfO{ tLgtf/] elgPsf] xf] . o; tf/fd08ndf # cf]6f rlDsnf tf/fx¿ k"j{ klZrd t]l;{P/ nx/} 
a;]sf x'G5g\ / To;sf] rf/} lt/ s'gfdf $ cf]6f tf/fx¿ /x]sf x'G5g\ . of] tf/fnfO{ sfnk'?ifsf] 
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sNkgf ul/Psf] 5 . # cf]6f tf/fx¿ sfnk'?ifsf] sDd/df x'G5 . # cf]6f tf/fdWo] aLr tf/faf6 
l;wf dfyL lt/ c? ltgcf]6f tf/fx¿ 5g\ oL tf/fx¿ cln dw'/f 5g\ . oL tf/fx¿nfO{ sfnk'?ifsf] 
t/af/sf] sNkgf ul/Psf] 5 . of] tf/fd08n ljz]ifu/L efb|b]lv df3;Dd b]lvG5 . c;f]h dlxgfdf 
b'O{ltg ah]lt/ b]lvG5 . sflt{s dlxgfsf] cGtlt/ a]n'sf * ah] g} of] tf/fd08n b]lvG5. d+l;/df 
;f+emdf g} of] tf/fd08n b]lvG5 eg] df3dlxgf a]n'sf ^ ah]lt/ 6fpsfdfly b]lvG5 .  

a[if/fzL -Taures_M  

of] tf/fd08n sfnk'?ifsf] ;“u} /x]sf] x'G5 . of] tf/fd08n sfnk'?ifeGbf sl/a ! 306f cufl8 
pbfp5 . sfnk'?ifeGbf pQ/klZrd lt/ c+u|]hL cIf/ 'V' cfsf/sf] tf/fd08n g} j[if/fzL xf] .  

Soflg; d]h/ -Canis Major_M 

of] s/La cfotsf/ cfsf/sf] tf/fd08n xf] . of] tf/fd08n sfnk'?ifsf] blIf0fk"jL{ lbzfdf kb{5 . 
cfsf;df b]lvg] tf/fx¿dWo] ;a}eGbf rlDsnf] tf/f l;/; -Sirus) o; tf/fd08ndf kb{5 . of] tf/f 
ltgtf/]eGbf s/La !% ldg]6 hlt dfly pbfp“5 .  

tf/fx¿ lrGgsf] nflu lg/Gt/sf] cfsfzsf] cjnf]sg, tf/fd08nsf] cfsf/, tf/fd08n pbfpg] / 
c:tfpg] dlxgf / ;dosf] hfgsf/L x'g'kb{5 . tn !@ cf]6f /fzLd08n / cGo s]xL tf/fd08nsf] 
gfd / cfsf/ lbOPsf] 5 . lg/Gt/sf] cEof; kl5 pQmtf/fx¿sf] cjnf]sg u/L klxrfg ug{  
;lsG5 .  

!@ /fzLd08n -The Zoadic_    



127 

 

ljleGg l;hgdf b]lvg] s]lx tf/fd08nx¿sf] lrq 

Summer Constellations and Stars 

Aquila  

 

Lyra  

 

Cygnus  

 

 

Boötes  

 

   

Scorpius  

 

Spring Constellations and Stars 

Leo  

 

Virgo  
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Winter Constellations and Stars 

Taurus  

 

Canis Major  

 

Orion  

 

Gemini  

 

  Canis Minor  

 

North Circumpolar Constellations and Stars 

Cassiopeia  

 

Cepheus  

 

Ursa Minor  

 

Draco  

 

Pegasus  

 

Ursa Major  
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Some other stars 

 

     Cepheus           Draco 

 

      Corona Borealis                     Leo  

Cancer        Serpens 
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List of Constelation 

No Constellation Meaning Brightest star 

1. Andromeda  Andromeda (mythological character) Alpheratz 

2. Antlia air pump α Antliae 

3. Apus bird of paradise α Apodis 

4. Aquarius water-bearer Sadalsud 

5. Aquila eagle Altair 

6. Ara altar β Arae 

7. Aries  ram Hamal  

8. Auriga  charioteer Capella 

9. Boötes herdsman Arcturus 

10.  Caelum chisel α Caeli 

11.  Camelopardalis giraffe β Camelopardalis 

12.  Cancer crab Tarf 

13.  Canes Venatici hunting dogs Cor Caroli 

14.  Canis Major greater dog Sirius 

15.  Canis Minor lesser dog Procyon  

16.  Capricornus sea goat Deneb Algiedi 

17.  Carina keel Canopus 

18.  Cassiopeia Cassiopeia (mythological character) Shedir 

19.  Centaurus centaur Rigil Kentaurus 

20.  Cepheus Cepheus (mythological character) Alderamin  

21.  Cetus sea monster (later interpreted as a whale) Deneb Kaitos 

22.  Chamaeleon chameleon α Chamaeleontis 

http://en.wikipedia.org/wiki/Andromeda_(constellation)
http://en.wikipedia.org/wiki/Andromeda_(mythology)
http://en.wikipedia.org/wiki/Alpha_Andromedae
http://en.wikipedia.org/wiki/Antlia_(constellation)
http://en.wikipedia.org/wiki/Alpha_Antliae
http://en.wikipedia.org/wiki/Apus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Apodis
http://en.wikipedia.org/wiki/Aquarius_(constellation)
http://en.wikipedia.org/wiki/Beta_Aquarii
http://en.wikipedia.org/wiki/Aquila_(constellation)
http://en.wikipedia.org/wiki/Alpha_Aquilae
http://en.wikipedia.org/wiki/Ara_(constellation)
http://en.wikipedia.org/wiki/Beta_Arae
http://en.wikipedia.org/wiki/Aries_(constellation)
http://en.wikipedia.org/wiki/Alpha_Arietis
http://en.wikipedia.org/wiki/Auriga_(constellation)
http://en.wikipedia.org/wiki/Alpha_Aurigae
http://en.wikipedia.org/wiki/Bo%C3%B6tes_(constellation)
http://en.wikipedia.org/wiki/Alpha_Bo%C3%B6tis
http://en.wikipedia.org/wiki/Caelum_(constellation)
http://en.wikipedia.org/wiki/Alpha_Caeli
http://en.wikipedia.org/wiki/Camelopardalis_(constellation)
http://en.wikipedia.org/wiki/Beta_Camelopardalis
http://en.wikipedia.org/wiki/Cancer_(constellation)
http://en.wikipedia.org/wiki/Beta_Cancri
http://en.wikipedia.org/wiki/Canes_Venatici_(constellation)
http://en.wikipedia.org/wiki/Alpha_Canum_Venaticorum
http://en.wikipedia.org/wiki/Canis_Major_(constellation)
http://en.wikipedia.org/wiki/Alpha_Canis_Majoris
http://en.wikipedia.org/wiki/Canis_Minor_(constellation)
http://en.wikipedia.org/wiki/Alpha_Canis_Minoris
http://en.wikipedia.org/wiki/Capricornus_(constellation)
http://en.wikipedia.org/wiki/Delta_Capricorni
http://en.wikipedia.org/wiki/Carina_(constellation)
http://en.wikipedia.org/wiki/Alpha_Carinae
http://en.wikipedia.org/wiki/Cassiopeia_(constellation)
http://en.wikipedia.org/wiki/Cassiopeia_(mythology)
http://en.wikipedia.org/wiki/Alpha_Cassiopeiae
http://en.wikipedia.org/wiki/Centaurus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Centauri
http://en.wikipedia.org/wiki/Cepheus_(constellation)
http://en.wikipedia.org/wiki/Cepheus,_King_of_Aethiopia
http://en.wikipedia.org/wiki/Alpha_Cephei
http://en.wikipedia.org/wiki/Cetus_(constellation)
http://en.wikipedia.org/wiki/Beta_Ceti
http://en.wikipedia.org/wiki/Chamaeleon_(constellation)
http://en.wikipedia.org/wiki/Alpha_Chamaeleontis


133 

 

23.  Circinus compass (drawing tool) α Circini 

24.  Columba dove Phact 

25.  Coma Berenices Berenice's hair β Comae Berenices 

26.  Corona Australis southern crown Alphekka Meridiana 

27.  Corona Borealis northern crown Alphecca 

28.  Corvus  crow Gienah 

29.  Crater cup Labrum 

30.  Crux southern cross Acrux 

31.  Cygnus swan Deneb 

32.  Delphinus dolphin (mammal) Rotanev 

33.  Dorado gold fish α Doradus 

34.  Draco dragon Etamin  

35.  Equuleus pony Kitalpha 

36.  Eridanus river Eridanus (mythology) Achernar 

37.  Fornax brazier Fornacis 

38.  Gemini  twins Pollux 

39.  Grus crane (bird) Alnair 

40.  Hercules Hercules (mythological character) Kornephoros 

41.  Horologium pendulum clock α Horologii 

42.  Hydra Hydra (mythological creature) Alphard 

43.  Hydrus  lesser water snake β Hydri 

44.  Indus  Indian (American indigenous) The Persian 

45.  Lacerta lizard α Lacertae 

http://en.wikipedia.org/wiki/Circinus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Circini
http://en.wikipedia.org/wiki/Columba_(constellation)
http://en.wikipedia.org/wiki/Alpha_Columbae
http://en.wikipedia.org/wiki/Coma_Berenices_(constellation)
http://en.wikipedia.org/wiki/Berenice_II
http://en.wikipedia.org/wiki/Beta_Comae_Berenices
http://en.wikipedia.org/wiki/Corona_Australis_(constellation)
http://en.wikipedia.org/wiki/Alpha_Coronae_Australis
http://en.wikipedia.org/wiki/Corona_Borealis_(constellation)
http://en.wikipedia.org/wiki/Alpha_Coronae_Borealis
http://en.wikipedia.org/wiki/Corvus_(constellation)
http://en.wikipedia.org/wiki/Gamma_Corvi
http://en.wikipedia.org/wiki/Crater_(constellation)
http://en.wikipedia.org/wiki/Delta_Crateris
http://en.wikipedia.org/wiki/Crux_(constellation)
http://en.wikipedia.org/wiki/Alpha_Crucis
http://en.wikipedia.org/wiki/Cygnus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Cygni
http://en.wikipedia.org/wiki/Delphinus_(constellation)
http://en.wikipedia.org/wiki/Beta_Delphini
http://en.wikipedia.org/wiki/Dorado_(constellation)
http://en.wikipedia.org/wiki/Alpha_Doradus
http://en.wikipedia.org/wiki/Draco_(constellation)
http://en.wikipedia.org/wiki/Gamma_Draconis
http://en.wikipedia.org/wiki/Equuleus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Equulei
http://en.wikipedia.org/wiki/Eridanus_(constellation)
http://en.wikipedia.org/wiki/Eridanos_(mythology)
http://en.wikipedia.org/wiki/Alpha_Eridani
http://en.wikipedia.org/wiki/Fornax_(constellation)
http://en.wikipedia.org/wiki/Alpha_Fornacis
http://en.wikipedia.org/wiki/Gemini_(constellation)
http://en.wikipedia.org/wiki/Beta_Geminorum
http://en.wikipedia.org/wiki/Grus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Gruis
http://en.wikipedia.org/wiki/Hercules_(constellation)
http://en.wikipedia.org/wiki/Heracles
http://en.wikipedia.org/wiki/Beta_Herculis
http://en.wikipedia.org/wiki/Horologium_(constellation)
http://en.wikipedia.org/wiki/Alpha_Horologii
http://en.wikipedia.org/wiki/Hydra_(constellation)
http://en.wikipedia.org/wiki/Lernaean_Hydra
http://en.wikipedia.org/wiki/Alpha_Hydrae
http://en.wikipedia.org/wiki/Hydrus_(constellation)
http://en.wikipedia.org/wiki/Beta_Hydri
http://en.wikipedia.org/wiki/Indus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Indi
http://en.wikipedia.org/wiki/Lacerta_(constellation)
http://en.wikipedia.org/wiki/Alpha_Lacertae
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46.  Leo lion Regulus 

47.  Leo Minor lesser lion Praecipua 

48.  Lepus hare Arneb 

49.  Libra balance Zubeneshamali 

50.  Lupus wolf Men 

51.  Lynx  lynx Elvashak 

52.  Lyra lyre / harp Vega 

53.  Mensa Table Mountain (South Africa) α Mensae 

54.  Microscopium microscope γ Microscopii 

55.  Monoceros unicorn β Monocerotis 

56.  Musca fly α Muscae 

57.  Norma  carpenter's level γ2 Normae  

58.  Octans octant ν Oct 

59.  Ophiuchus serpent-bearer Ras Alhague 

60.  Orion Orion (mythological character) Rigel  

61.  Pavo peacock Peacock 

62.  Pegasus Pegasus (mythological winged horse) Enif 

63.  Perseus Perseus (mythological character) Mirfak 

64.  Phoenix phoenix Ankaa  

65.  Pictor easel α Pictoris 

66.  Pisces fishes Alpherg 

67.  Piscis Austrinus southern fish Fomalhaut 

68.  Puppis poop deck Naos 

http://en.wikipedia.org/wiki/Leo_(constellation)
http://en.wikipedia.org/wiki/Alpha_Leonis
http://en.wikipedia.org/wiki/Leo_Minor_(constellation)
http://en.wikipedia.org/wiki/46_Leonis_Minoris
http://en.wikipedia.org/wiki/Lepus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Leporis
http://en.wikipedia.org/wiki/Libra_(constellation)
http://en.wikipedia.org/wiki/Beta_Librae
http://en.wikipedia.org/wiki/Lupus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Lupi
http://en.wikipedia.org/wiki/Lynx_(constellation)
http://en.wikipedia.org/wiki/Alpha_Lyncis
http://en.wikipedia.org/wiki/Lyra_(constellation)
http://en.wikipedia.org/wiki/Alpha_Lyrae
http://en.wikipedia.org/wiki/Mensa_(constellation)
http://en.wikipedia.org/wiki/Table_Mountain
http://en.wikipedia.org/wiki/Alpha_Mensae
http://en.wikipedia.org/wiki/Microscopium_(constellation)
http://en.wikipedia.org/wiki/Gamma_Microscopii
http://en.wikipedia.org/wiki/Monoceros_(constellation)
http://en.wikipedia.org/wiki/Beta_Monocerotis
http://en.wikipedia.org/wiki/Musca_(constellation)
http://en.wikipedia.org/wiki/Alpha_Muscae
http://en.wikipedia.org/wiki/Norma_(constellation)
http://en.wikipedia.org/w/index.php?title=Gamma-2_Normae&action=edit&redlink=1
http://en.wikipedia.org/wiki/Octans_(constellation)
http://en.wikipedia.org/w/index.php?title=Nu_Octantis&action=edit&redlink=1
http://en.wikipedia.org/wiki/Ophiuchus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Ophiuchi
http://en.wikipedia.org/wiki/Orion_(constellation)
http://en.wikipedia.org/wiki/Orion_(mythology)
http://en.wikipedia.org/wiki/Beta_Orionis
http://en.wikipedia.org/wiki/Pavo_(constellation)
http://en.wikipedia.org/wiki/Alpha_Pavonis
http://en.wikipedia.org/wiki/Pegasus_(constellation)
http://en.wikipedia.org/wiki/Pegasus
http://en.wikipedia.org/wiki/Epsilon_Pegasi
http://en.wikipedia.org/wiki/Perseus_(constellation)
http://en.wikipedia.org/wiki/Perseus
http://en.wikipedia.org/wiki/Alpha_Persei
http://en.wikipedia.org/wiki/Phoenix_(constellation)
http://en.wikipedia.org/wiki/Alpha_Phoenicis
http://en.wikipedia.org/wiki/Pictor_(constellation)
http://en.wikipedia.org/wiki/Alpha_Pictoris
http://en.wikipedia.org/wiki/Pisces_(constellation)
http://en.wikipedia.org/wiki/Eta_Piscium
http://en.wikipedia.org/wiki/Piscis_Austrinus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Piscis_Austrini
http://en.wikipedia.org/wiki/Puppis_(constellation)
http://en.wikipedia.org/wiki/Zeta_Puppis
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69.  Pyxis  mariner's compass α Pyxidis 

70.  Reticulum eyepiece graticule α Reticuli 

71.  Sagitta arrow γ Sagittae 

72.  Sagittarius archer Kaus Australis 

73.  Scorpius scorpion Antares 

74.  Sculptor sculptor α Sculptoris 

75.  Scutum shield (of Sobieski) α Scuti 

76.  Serpens snake Unukalhai 

77.  Sextans sextant α Sextantis 

78.  Taurus bull Aldebaran 

79.  Telescopium telescope α Telescopii 

80.  Triangulum triangle β Trianguli 

81.  Triangulum 

Australe 

southern triangle Atria 

82.  Tucana toucan α Tucanae 

83.  Ursa Major great bear Alioth 

84.  Ursa Minor lesser bear Polaris 

85.  Vela sails Regor  

86.  Virgo virgin or maiden Spica 

87.  Volans flying fish β Volantis 

88.  Vulpecula fox Anser 

(Source : websites) 

 

 

http://en.wikipedia.org/wiki/Pyxis_(constellation)
http://en.wikipedia.org/wiki/Alpha_Pyxidis
http://en.wikipedia.org/wiki/Reticulum_(constellation)
http://en.wikipedia.org/wiki/Alpha_Reticuli
http://en.wikipedia.org/wiki/Sagitta_(constellation)
http://en.wikipedia.org/w/index.php?title=Gamma_Sagittae&action=edit&redlink=1
http://en.wikipedia.org/wiki/Sagittarius_(constellation)
http://en.wikipedia.org/wiki/Epsilon_Sagittarii
http://en.wikipedia.org/wiki/Scorpius_(constellation)
http://en.wikipedia.org/wiki/Alpha_Scorpii
http://en.wikipedia.org/wiki/Sculptor_(constellation)
http://en.wikipedia.org/wiki/Alpha_Sculptoris
http://en.wikipedia.org/wiki/Scutum_(constellation)
http://en.wikipedia.org/wiki/Sobieski
http://en.wikipedia.org/wiki/Alpha_Scuti
http://en.wikipedia.org/wiki/Serpens_(constellation)
http://en.wikipedia.org/wiki/Alpha_Serpentis
http://en.wikipedia.org/wiki/Sextans_(constellation)
http://en.wikipedia.org/wiki/Alpha_Sextantis
http://en.wikipedia.org/wiki/Taurus_(constellation)
http://en.wikipedia.org/wiki/Alpha_Tauri
http://en.wikipedia.org/wiki/Telescopium_(constellation)
http://en.wikipedia.org/wiki/Alpha_Telescopii
http://en.wikipedia.org/wiki/Triangulum_(constellation)
http://en.wikipedia.org/wiki/Beta_Trianguli
http://en.wikipedia.org/wiki/Triangulum_Australe_(constellation)
http://en.wikipedia.org/wiki/Triangulum_Australe_(constellation)
http://en.wikipedia.org/wiki/Alpha_Trianguli_Australis
http://en.wikipedia.org/wiki/Tucana_(constellation)
http://en.wikipedia.org/wiki/Alpha_Tucanae
http://en.wikipedia.org/wiki/Ursa_Major_(constellation)
http://en.wikipedia.org/wiki/Epsilon_Ursae_Majoris
http://en.wikipedia.org/wiki/Ursa_Minor_(constellation)
http://en.wikipedia.org/wiki/Alpha_Ursae_Minoris
http://en.wikipedia.org/wiki/Vela_(constellation)
http://en.wikipedia.org/wiki/Gamma_Velorum
http://en.wikipedia.org/wiki/Virgo_(constellation)
http://en.wikipedia.org/wiki/Alpha_Virginis
http://en.wikipedia.org/wiki/Volans_(constellation)
http://en.wikipedia.org/wiki/Beta_Volantis
http://en.wikipedia.org/wiki/Vulpecula_(constellation)
http://en.wikipedia.org/wiki/Alpha_Vulpeculae
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e"–lj1fg 

k|fs[lts k|sf]kx¿ 

k|s[lts k|sf]khGo 36gfsf sf/s tTjx¿df ef}ule{s agf]6, w/ftnLo :j¿k, hnjfo'sf] 
ljt/0fh:tf cGtlg{lxt tTj kb{5g\ . g]kfndf af9L, klx/f], x'/Latf;, e"sDk, lxdtfn ljikmf]6, 
v8]/L, zLtnx/h:tf k|s[lts k|sf]ksf] afx'No /xg'df klg oL tTjsf] k|efj w/} /x]sf] 5 . g]kfn 
;d'b|af6 lgs} 6f9f ePsfn] ;d'b|L cf“wL tyf ;'gfdLsf] k|efj b]lv“b}g eg] t/fO{df rNg] tftf] xfjf 
kxf8L tyf lxdfnL If]qdf rNb}g . o;y{ k|s[lts k|sf]kaf6 x'g;Sg] Iflt sd ug{ cfˆgf] a;f]af; 
If]qsf] ef}uf]lns cj:yf / ;Defljt k|sf]khGo 36gfsf] :j¿kaf/] hfgsf/L lng' h?/L x'G5 . 
g]kfnh:tf] ljsf;f]Gd'v d'n'sdf ljsf;lgdf{0fsf sfo{ ubf{ k|sf]ksf ljifodf /fd|/L Wofg lbOPsf] 
kfO“b}g . ;8s lgdf{0f ubf{ klx/f] hfg;Sg] eL/kfvfsf] ;+/If0f ug{ lbuf] / :t/Lo ;+/rgf lgdf{0f x'g 
g;Sg', e'O“rfnf] k|lt/f]wfTds ejg gagfOg', gbLlsgf/df a9]sf] a;f]af; tyf gbL cltqmd0f 
lgoGq0f gul/g' / ;'/Iffsf pkfo cjnDag gug'{, jgljgfz a9\g' cflb k|sf]kaf6 Iflt j[l4 x'g] 
sf/0fx¿ x'g\ .  

ljleGg ;dodf ljleGg :yfgdf  ljleGg ljgfzsf/L 36gf x'G5g\ . slxn] a]ujfg x'/Latf;;“u} 
cl;gfkfgL kb{5 . slxn] nfdf] ;do;Dd v8]/L k/]/ /f]k]sf afnLgfnL ;'Sb5g\ . slxn] d';nwf/] 
kfgL k/]/ af9L, 8'jfg / klx/f]sf] ljgfzsf/L cj:yf pTkGg x'G5 . To:tf ljleGg 36gfsf sf/0f 
wghgsf] Iflt x'G5 . k|fs[lts 36gfaf6 pTkGg x'g] o:t} ljgfzsf/L cj:yfnfO{ g} k|s[lts k|sf]k 
elgG5 . af9L, klx/f], r6Øfª, e'O“rfnf], x'/Latf;, cl;gfkfgL, v8]/L, zLtnx/, lxdtfn ljikmf]6 
cflb k|sf]khGo 36gfsf s]xL pbfx/0f x'g\ . o:tf 36gfaf6 x/]s jif{ g]kfn, l5d]sL d'n'sx¿ / 
ljZje/ g} hgwgsf] 7"nf] Iflt x'g] u/]sf] 5 . k|sf]knfO{ ljleGg lsl;dn] kl/eflift u/]sf] kfOG5 . 
;fdfGotof dflg;, 3/, sfof{no ejg, ;8s, k'n tyf v]taf/L, 3/kfn'jf kz'kG5L / k|s[ltdf 
/x]sf dfgjf]kof]uL ;|f]tdf Iflt k'¥ofpg] k|fs[lts 36gfnfO{ k|s[lts k|sf]k eGg] ul/G5 . hgwgsf] 
7"nf] Iflt ug]{ / aflx/L ;d'bfosf] ;xof]usf] cfjZostf kg]{ s'g} klg ck|Tofl;t b'MvbfoL 36gfnfO{ 
g} k|sf]k elgG5 . ælnu ckm /]8qm; P08 /]8lqm;]G6 ;f];fO6LÆ sf cg';f/–k|sf]k eg]sf] w]/}h;f] 
hghLjg cs:dft\ c:tJo:t aGg] ljklQk"0f{ cj:yf xf] . o:tf] cj:yfdf dflg;n] w]/} b'Mv kfp“5g\ . 
t;y{, pgLx¿nfO{ ;'/Iff, vfgf, n'ufkmf6f], cfjf;, cf}ifwLpkrf/ tyf ;fdflhs ;]jfh:tf b}lgs 
hLjgdf geO gx'g] a:t' / ;]jf aflx/af6 k"lt{ ug'{ cfjZos x'G5 .  

g]kfnsf] b}jLk|sf]k -p4f/_ P]g, @)#( -bf];|f] ;+zf]wg @)$(_ df ‘b}jLk|sf]k eGgfn] e"sDk, 
cfunfuL, cf“wLa]x/L, af9L, klx/f], cltj[li6, cgfj[li6, clgsfn, dxfdf/L tyf o:t} cGo k|fs[lts 
k|sf]knfO{ ;Demg'kb{5 / ;f] zAbn] cf}Bf]lus b'3{6gf, lj:kmf]6s jf ljiffQm kbfy{åf/f x'g] b'3{6gf 
tyf o:t} s'g} klg k|sf/sf] k|sf]knfO{ ;d]t hgfpg]5 eg]/ k|sf]ksf] kl/efiff lbOPsf] 5 . k|sf]knfO{ 
cfsl:ds 36gfn] pTkGg u/]sf] ljkb\sf ¿kdf lng ;lsG5 . o:tf] 36gf dfgjLo sf/0faf6 jf 
k|fs[lts tTjx¿aLr x'g] ljleGg lqmofsnfk tyf cGtlqm{ofaf6 pTkGg x'g;Sb5 .  
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k|sf]ksf plNnlvt kl/efiffcg';f/ o;sf s]xL dxTjk"0f{ ljz]iftfnfO{ b]xfocg';f/ clng ;lsG5 M 

  k|sf]k crfgs pTkGg x'g] ljkb\k"0f{ 36gf xf] . 

  k|sf]kn] dflg;sf] lgoldt hLjgk2ltnfO{ c;fdfGo / c:tJo:t agfp“b5 . 

  k|sf]ksf sf/0f dflg; db{5g\, 3fOt] x'G5g\ / 7"nf] dfqfdf wg;DklQsf] xflggf]S;fgL 
x'G5 . 

  k|sf]k pTkGg ePsf] cj:yfdf vfgf, a;f]af;, n'ufkmf6f], cf}iflwpkrf/ / ;fdflhs 
;'/Iffsf] vf“rf] x'G5 . 

  k|sf]ksf] cj:yfdf kLl8t kl/jf/ tyf ;dfhn] Ifltaf6 k'u]sf] kL8fsf] ;fdgf ug{ 
pgLx¿;“u ePsf ;|f]t, ;fwg / Ifdtf ckof{Kt x'G5g\ . 

  JolQm jf ;d'bfonfO{ k|sf]kaf6 aRg / To;af6 ePsf] Iflt / kL8faf6 d'lQm kfpg 
tTsfnLg /fxt, p4f/ / k'g:yf{kgsf nflu 5/l5d]s, ;/sf/ tyf ljb]zLsf] ;d]t ;xof]u 
cfjZos kg{;Sb5 . 

k|sf]k;DaGwL e|fds wf/0ff 

k|sf]ksf ;DaGwdf ljZje/ g} ljleGg k|sf/sf ls+jbGtL / cGwljZjf;x¿ kfOG5g\ . xfd|f] ;dfhdf 
k|sf]k;DaGwL ljBdfg /x]sf s]xL e|d tyf ls+jbGtL lgDgcg';f/ 5g\ M   

  e"sDk, Hjfnfd'vL, af9Lklx/f], r6Øfª, x'/Latf; h:tf k|sf]k b]jLb]jtf l/;fP/ dRrfPsf] 
pkb|f] xf] .  

  kfgLsf b]jtf dflgg] OGb| l/;fPdf cgfj[li6 / cltj[li6 x'G5 . 

  e'O“rfnf], Hjfnfd'vL, af9Lklx/f]h:tf k|sf]k dflg;sf] ;ª\Vof w]/} ePsf sf/0f k[YjLn] ef/ 
yfDg g;s]/ pTkGg x'G5 . 

  s'g} kfkL dflg; jf zq'hLj dfg{ OGb|n] ah| k|xf/ ug]{ x'“bf{ r6Øfª kb{5 .  

  s}nfzkj{t dflgg] lxdz[ª\vnf r9\bf s}nfzklt dxfb]j l/;fP/ lxp“klx/f] hfG5 . 

  r]K6f] k[YjLnfO{ 7"nf–7"nf df5f, s5'jf jf xfQLn] af]s]sf 5g\ . tL k|f0fLn] sf“w km]bf{ k[YjL 
xlNnP/ e'O“rfnf] hfG5 .  

  k|sf]kdf kg'{nfO{ efUosf] v]n xf] .  

xfdLn] k|sf]k lsg x'G5 / o;sf] k|efj s;/L sd ug{ ;slG5 eGg] 1fg xfl;n u¥of} “ eg] k|sf]kaf6 
af“Rg / Iflt 36fpg ;Qm5f}“ . 
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j}1flgs wf/0ff  

k[YjLsf] k|fs[lts jftfj/0fdf ljleGg k|sf/sf lqmof–k|ltlqmof eO/xG5g\ . ;"o{af6 k|fKt x'g] / 
k[YjLaf6 pTkGg x'g] tfk jfo'd08ndf ;l~rt eP/ rNg] cGtlqm{of / a9\bf] k|b"if0fåf/f pTkGg 
c;xh cj:yfsf sf/0f k|s[ltdf ljleGg k|sf/sf xnrn jf 36gf pTkGg x'G5g\  . k[YjLsf] 
e"ue{df /x]sf rnfodfg e"v08Lo r§fg (Plate Tectonic) df ef}ule{s sf/0fn] xnrn pTkGg x'“bf 
e'O“rfnf] hfG5 / k[YjLsf] ;tx c;fdfGo lsl;dn] xNnG5 . To;af6 dflg;n] agfPsf 3/, uf]7, 
k'n, ;8s, lah'nLsf vDaf cflb eTsG5g\ / 9Nb5g\ . To:tf ;+/rgf eTs“bf dflg; tyf 3/kfn'jf 
hgfj/ lylrP/ d5{g\ jf 3fOt] x'G5g\ . wg;DklQ j'l/P/ gi6 x'G5g\ .  

k|sf]ksf sf/0f 

  k|fs[lts sf/0f  

  ef}uf]lns sf/0f  

  ef}ule{s sf/0f  

  dg;'gL sf/0f  

  jfo'd08nLo sf/0f  

k|sf]ksf] k|efj 

tTsfnLg k|efj 

  dfgjLo Iflt   

  cfly{s Iflt  

bL3{sfnLg k|efj  

  dfgl;s k|efj  

  cfly{s k|efj M-JolQmut k|efj, ;fdflhs k|efj_  

  /fli6«o k|efj  

  ;fdflhs k|efj  

  ljsf;sf If]qdf kg]{ k|efj  
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k|sf]k Joj:yfkg  

k|sf]ksf] ;dodf ;s];Dd hgwgsf] Iflt x'g glbg' jf eOxfn]df Iflt guGo dfq x'g] :t/df 
lgoGq0f ug]{ Joj:yfksLo sfo{ g} k|sf]k Joj:yfkg xf] . k|sf]k Joj:yfkgsf nflu k|sf]ksf] 
klxrfg, hf]lvd gS;fª\sg, vt/fsf] ljZn]if0f, ;Defljt Ifltsf] Go"gtd / clwstd :t/sf] cg'dfg 
ug'{kb{5 . k|sf]k eO;s]kl5 b}jnfO{ bf]if lbg'eGbf :yfgLo txdf k|sf]k Go"gLs/0f / ;Defljt Iflt 
36fpg] k|of; ug'{ g} k|sf]k Joj:yfkgsf] s8L xf] .  

k|sf]k Joj:yfkgsf r/0fx¿ 

 

 

 

 

 

 

 

 

 

 

 

 

;'gfdL 

;'gfdL eGgfn] ;d'b|df >[ªvnfaWb ?kdf cfpg] kfgLsf] 5fnnfO{ a'lemG5 . o;nfO{ Seismic sea 

waves klg elgG5 . of] slxn] sfxL“ hdLg eGbf #) dL6/ dfly ;Dd klg k'Ub5 . ;'gfdLsf] ult 
*)) ls=dL= k|lt 306f ;Dd klg k'Ub5 h'g h]6 Kn]gsf] ult a/fj/ xf] . of] ultn] k"/} k|zfGt 
dxf;fu/ Ps lbg eGbf sd ;dodf kf/ ug{ ;Sb5 . ;'gfdL ;d'b|sf] ulx/f] efuaf6 ha sd 
ulx/f] efu lt/ cyf{t lsgf/flt/ cfp“b5, o;sf] prfO a9\g yfNb5 . o;n] hdLgdf ePsf ef}lts 
;+/rgfnfO{ Wj:t kfb{5 . ;d'b|leq 7"nf] e"sDk hf“bf ;'gfdL k}bf x'G5 . ;d'b|sf] lk“wdf Hjfnfd'vL 
ljikmf]6g ePdf klg ;'gfdL aGb5 . ha ;d'b|sf] lk“wsf] Kn]6sf] lsgf/f tn jf dfly ;5{, clg o;n] 
dflysf] kfgLnfO{ lj:yfkg ub{5 / rolling wave k}bf x'G5 h'g ;'gfdL aGb5 . w]/}h;f] ;'gfdL 
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k|zfGt dxf;fu/df cfp“b5 . ;'gfdLaf6 aRgsf] nflu o;sf] ;ª\s]t kfpgf;fy pRr e"efu lt/ 
hfg'kb{5 .  

dxf;fu/sf] aLrdf ;'gfdLsf] prfO s]xL lkm6 dfq x'G5 eg] sd ulx/fO efu lt/ cfp“bf t/ªusf] 
prfO a9\b} hfG5 . ;'gfdLsf] t/ª\u zlQm ;txaf6  ulx/f] lk“wlt/ lj:tf/ x'G5 . t/ ha ;'gfdL 
;d'b|L lsgf/ lt/ cfOk'Ub5, t/ª\u zlQm yf]/} b'/Ldf vf“lbG5 / lagfzsf/L t/ªu ?kdf kl/0ft 
x'G5 . ulx/f] ;d'b|df lagf;sf/L ;'gfdL kfgLhxfhn] klg /fd|/L 7Dofpg ufx|f] kb{5 . t/ hj ;'gfdL 
;d'b|L lsgf/ lt/ k'Ub5, t/ªusf] prfO klg t'?Gt a9\b5 . ;'gfdL cfpg' eGbf s]xL cl3 
slxn]sfxL“ ;d'b| lsgf/sf] kfgL klg ;d'b|lt/ tflgG5 / o;nfO{ ;'gfdL cfpg] ;ª\s]tsf] ?kdf 
lnOG5 . olb ;d'b|sf] ulx/fO @),))) lkm6 5 eg] ;'gfdL t/ªux¿ h]6 Kn]gsf] ultdf -^)) 
dfOn k|lt 306f_ x'G5 . k|zfGt dxf;fu/sf] Ps lsgf/af6 csf]{ lsgf/df k'Ug Ps lbg eGbf sd 
nfUb5 . o;af6 ;'gfdL cfp“b}5 eGg] s'/fsf] ;ªs]t k|fKt ug{ ;lhnf] x'G5 . a}1flgsx¿n] s'g} 
:yfgdf ;'gfdL slxn] cfOk'Ub5 eGg] s'/f eljioaf0fL ug{ ;Sb5g\ lsgls t/ªusf] ult kfgLsf] 
ulx/fO{sf] ju{d"n;“u ;dfg'kflts x'G5 . ;d'b|sf] sd ulx/f] efult/ cfPkl5 t/ªusf] prfO a9\5 
/ ult 36\5 . 

x'l/s]g 

x'l/s]g eGgfn] w]/} zlQmzfnL cf“wL / eLif0f aiff{nfO{ a'lemG5 . x'l/s]g ;fdfGot e"dWo ;fu/sf] 
u/d ;d'b|af6 ;'? x'G5 . hj x'l/s]g hdLgdf cfOk'Ub5, o;n] wghgsf] 7"nf] Iflt k'¥ofp“b5 . 
x'l/s]gnfO{ pTkQL :yfgsf cfwf/df ljleGg gfdx¿ lbOPsf] x'G5 . s'g} :yfgdf o;nfO{ ;fOSnf]g 
elgG5 eg] s'g} 7fp“df 6fOk"mg klg elgG5 . 
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x'l/s]g :kfO/n agfpg] t/Lsf 

;fdu|Lx¿ 

 a printed copy of "Hurricane Spiral #1"(below) 

 a printed copy of "Hurricane Spiral #2"(below) 

 a pencil with a sharp point 

 scissors 

 brad paper fastner 

 colored pencils or crayons 

agfpg] t/Lsf  

1. CUT OUT each "Hurricane Spiral" on the outside black circle. 

2. COLOR each to look similar to the "Hurricane Radar Circle" below. Do you 

remember what the different colors represent? 

3. With a sharpened pencil point, PUNCH A HOLE through the entire black dot in the 

center of each circle. 

4. CUT OUT all four areas on "Hurricane Spiral #1" as indicated. 

5. PLACE "Hurricane Spiral #1" on top of "Hurricane Spiral #2". 

6. PUSH the brad fastener through the center of the black dot on each circle. 

7. FLIP your Hurricane Spiral over and OPEN the fastener. 

8. SPIN the wheel to make sure it moves freely. 

9. MOVE the top section of your Hurricane Spiral COUNTER-CLOCKWISE to see the 

spiral movement of a hurricane. 
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Hurricane Spiral #1 (cut this out) 

 

Hurricane Spiral #2 (cut this out) 
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Hjf/ef6f 

;"o{ / rGb|dfsf] u'?Tjsfif{0f / k[YjLsf] kl/qmd0f -Rotation_ ;DaGwL sf/0faf6 x'g] ;d'b| ;txsf] 
ptf/ / r9fjnfO{ g} Hjf/ef6f elgG5 . dxf;fu/sf w]/} h;f] :yfgdf ;fdfGot b}lgs b'O{cf]6f ;fgf 
/ b'O{cf]6f 7"nf Hjf/ef6fx¿ -semidiurnal tides_ pTkGg x'g] ub{5g\  eg] s'g} :yfgdf PsPs cf]6f 
;fgf] / 7"nf] Hjf/ef6f -diurnal tide_ pTkGg x'g] ub{5g\ . 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Tide changes proceed via the following stages: 

 Sea level rises over several hours, covering the intertidal zone; flood tide. 

 The water rises to its highest level, reaching high tide. 

 Sea level falls over several hours, revealing the intertidal zone; ebb tide. 

 The water stops falling, reaching low tide. 

Tides produce oscillating currents known as tidal streams. The moment that the tidal current 

ceases is called slack water or slack tide. The tide then reverses direction and is said to be 

turning. Slack water usually occurs near high water and low water. But there are locations 

where the moments of slack tide differ significantly from those of high and low water. Tides 

http://en.wikipedia.org/wiki/Slack_water
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are most commonly semidiurnal (two high waters and two low waters each day), 

or diurnal (one tidal cycle per day). The two high waters on a given day are typically not the 

same height (the daily inequality); these are the higher high water and the lower high 

water in tide tables. Similarly, the two low waters each day are the higher low water and 

the lower low water. The daily inequality is not consistent and is generally small when the 

Moon is over the equator.  

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Tide_table
http://en.wikipedia.org/wiki/Equator
http://en.wikipedia.org/wiki/File:Diurnal_tide_types_map.jpg
http://en.wikipedia.org/wiki/File:Water_surface_level_changes_with_tides.svg
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e"sDk 

k[YjLsf] leqL efudf lg/Gt/ eO/xg] xnrnsf sf/0fn] k[YjLsf] aflx/L efudf /x]sf r§fgsf 
7"N7"nf rfSnfx¿ Psfk;df sl;g uO{ cyjf 6fl9g uO{ ltgdf hDdf x'g uPsf] zlQm PSsf;L 
aflx/ km}ngfn] k}bf x'g] sDkg g} e"sDk xf] . e"sDk slt 7"nf] egL gfKg] d'Vo b'O{cf]6f O{sfOx¿ 
/x]sf 5g\ . 

OG6]lG;6L gfk M s'g} e"sDkn] xfdL] /x]sf] s'g} :yfgsf] hdLg slt xlNnof] / To;n] slt Iflt 
k'¥ofof] egL gflkg] gfk . of] ;fdfGotof df]l8kmfO8 dsf{NnL OG6]lG;6L :s]n (Modified Mercalli 

Intensity Scale) df gflkG5 . 

 DoflUgRo'8 gfk M s'g} e"sDkdf slt phf{ -zlQm_ aflx/ lgl:sof] eg]/ gflkg] gfk . of] ;fdfGotof 
/]S6/ :s]n (Richter Scale) df gflkG5 . 

xfn;Ddsf cWoogsf cfwf/df e"sDk 
slxn], sxf“, sqf] / slt nfdf] 
;do;Ddsf] hfG5 egL 7\ofSs} eljiojf0fL 
ug{ ;Sg] ;Ifdtf e"ue{zf:qLx¿n] k|fKt 
ul/;ssf 5}gg\ . t/ k[YjLsf] leqL agf]6 
tyf ljutdf uPsf e"sDkx¿sf] 
n]vfhf]vfsf] cfwf/df s'g} :yfgdf 
eljiodf e"sDk hfg;S5 jf ;Sb}g eg]/ 
eGg rf“lx ;lsG5 . xfd|f] h:tf] 
cNkljsl;t d'n'ssf] nflu e"sDksf] 
eljiojf0fLsf] ljifodf cWoog 
cg';Gwfgsf lglDt w]/} vr{ ug'{eGbf 
o;af6 x'g] Iflt Go"gLs/0fsf nflu vr{ 
ug'{ pko'Qm x'G5 . 



147 

 

e"sDkLo hf]lvd Go"gLs/0fsf cfwf/e"t pkfox¿ 

 ;Dk"0f{ gof“ ejgx¿sf] e"sDkLo ;'/Iffo'Qm k|ljlwåf/f lgdf{0f ug]{ 

 ljBdfg ejg tyf cGo ;+/rgfx¿sf] qmlds ?kdf e"sDkLo k'g;'{b[9Ls/0f ug]{ 

 u}/ ;+/rgfTds ;'/Iffsf pkfox¿sf] cjnDag ug]{ 

 e"sDk cfOxfn]sf avt\sf nflu k"j{tof/L ug]{ 

e"sDk cl3 Wofg lbg'kg]{ s'/fx¿ 

 k|fylds pkrf/ ljlw hfgL /fVg] 

 sf]7fsf ux|f} / cUnf ;/;fdfg, kmlg{r/x¿ g9Ng] / gv:g] u/L alnof];“u /fVg] . 

 ux|f} ;fdfgx¿ b/fhsf] tNnf] v08df /fVg] . 

 aQL, k+vf, 7"nf P]gf, t:jL/ cflb em'08ofOPsf ;fdfgx¿nfO{ gv:g] u/L /fVg] . 

 gof“ 3/ lgdf{0f ubf{ e"sDkLo ;'/Iff pkfox¿ ckgfpg] . 

 e"sDk cfof] eg] s] s;f] ug]{ egL cfk\mgf] kl/jf/;“u k"j{ of]hgf ug]{ . 

 

 

 

 

 

 

 

e"sDksf] a]nf Wofg lbg'kg]{ s'/fx¿ 

 gcflQg]  

 olb 3/ leq ePdf 
 9f]sfdf pleg] jf 6]jn, 8]:s, vf6 d'gL l5g]{ 
 eTsg ;Sg] e\mofn glhs ga:g] 
 e'O“ tnfsf] 9f]sf glhs ePdf gcflQOsg t'?Gt aflx/ lg:sg]  

 e\mofnaf6 xfd gkmfNg]  
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3/ aflx/ ePdf 
 lah'nLsf] nfOg / ejg glhs ga:g] 
 olb af6f] ;f“3'/f] 5 / bfof“afof“ cUnf 3/x¿ 5g eg] glhs}sf] 9f]sfdf pleg] 
 ;jf/L ;fwg rnfO/x]sf] eP ;8saf6 x6]/ ;'/lIft :yfg lt/ nfUg] / /f]lsg] 
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e"sDk kl5 Wofg lbg'kg]{ s'/fx¿ 

 e"sDkn] xNnfgpg 5f]8\gf;fy ;'/Iffsf] l:ylt x]/]/ dfq 3/aflx/ lg:sg] 
 e"sDk kmls{Pdf To;sf] nflu tof/ /xg] . 
 cfjZos k/]sfx¿nfO{ t'?Gt k|fylds pkrf/ ug]{ 
 cfuf] lgefpg] 
 Uof“; / lah'nLsf] d]g :jLr aGb ug]{ 
 /]l8of] vf]Ng] / e"sDksf] vj/ tyf ;"rgfx¿ ;'Gg] . 
 3/ ;'/lIft 5 eGg] ;'lglZrt geP;Dd s'g} klg 3/leq gk:g] . 
 ;+s6sfnLg ;]jf sfo{df afwf kg]{ u/L 6]lnkmf]g k|of]u gug]{ 
 v'Nnf 7fp“df e]nf x'g] 
gd"gf tof/L 

s_  Kn]6x¿ xnrn ubf{ s] x'G5 - What happens when the plates move?_  

 ;fdu|Lx¿M  s}“rL, vfU;L, Sn], /ª 

ljlwM  

-s_ !=  vfU;Lsf b'O{cf]6f ;L6 lng] / 
lrqdf b]vfOP h:t} u/L /fVg] . 

 

  Sn] sf] ;fgf] 6'qmf b'O{ ;L6sf] 
aLrdf /fvL lyRg] . 

  b'j} ;L6nfO{ lj:tf/} k/ x6fpg] . 

  Sn] df cfPsf] kl/jt{g 
cjnf]sg ug]{ . 

-s_ @=  vfU;Lsf b'O{ cf]6f ;L6x¿ lnO{ 
cfwf ;]G6Lld6/ 6f9f /fVg] . 

 

  To;df lrqdf b]vfOP h:t} u/L 
Sn] /fVg] / To;nfO{ lyRg] . 

  lj:tf/} ;L6nfO{ glhs n}hfg] . 

  Sn]df s] kl/jt{g cfp“5 
cjnf]sg ug]{ . 
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-s_  @=  vfU;Lsf b'O{cf]6f ;L6 lng] / 
lrqdf b]vfOP h:t} u/L /fVg] . 

 

  Sn] sf] ;fgf] 6'qmf b'O{ ;L6sf] 
aLrdf /fvL lyRg] . 

  csf]{ /ªsf] Sn]sf] dl;gf] nfDrf] 
l;Gsf agfO pQm Sn]sf] dfly /fVg] 

  lrqdf b]vfP h:t} u/L lj:tf/} Pp6f ;L6nfO{ cufl8 / csf]{nfO{ k5fl8 ;fg]{ .  

  Sn] df cfPsf] kl/jt{g cjnf]sg ug]{ . 

-v_ kmN6sf] gd"gf -;fa'g_ 

 ;fdu|L M ;fj'g, rSs' 

ljlwM  ;fa'gnfO{ lrqdf b]vfOP cg';f/ tLg 6'qmfdf sf6\g] 

  5]psf 6'qmfx¿nfO{ ;dft]/ lj:tf/} lyRg] . 

  s] x'G5 cjnf]sg ug]{ . 

  5]psf 6'qmfx¿nfO{ lj:tf/} k/ ;fg]{ . 

  s] cjnf]sg ug]{ . 
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-u_ kmN6sf] gd"gf -afn'jf_ 

;fdu|L M  sfuhsf] afs;sf] 9sg, afn'jf, s}rL  

ljlw M  

 sfuhsf] afs;sf] 9sgnfO{ jLraf6 s}rLn] lrqdf b]vfP h:t} b'O{ 6'qmf kfg]{ . 
 tL 6'qmfx¿nfO{ Pp6fnfO{ csf]{df clnslt vK6\ofpg] . 
 To; leq afn'jf /fVg] . 
 9sgsf 6'qmfx¿nfO{ lrqdf b]vfP cg';f/ km/s lbzflt/ tfGg] . 
 afn'jfdf s:tf] kl/jt{g cfp“5 cjnf]sg ug]{ . 
 k]ml/ afn'jf ldnfpg] / lrqdf b]vfP cg';f/ 3r]6\g]  

 afn'jfdf s:tf] kl/jt{g cfp“5 cjnf]sg ug]{ . 

 

 

 

 


