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k|sfzs M g]kfn ;/sf/
lzIff dGqfno
kf7\oj|md ljsf; s]Gb|

;fgf]l7dL, eStk'/

?  kf7\oj|md ljsf; s]Gb|, ;fgf]l7dL, eStk'/, @)^^

o; lgb]{lzsf;DaGwL ;Dk"0f{ clwsf/ kf7\oj|md ljsf; s]Gb|, ;fgf]l7dL, eStk'/df lglxt 5 .
kf7\oj|md ljsf; s]Gb|sf] lnlvt :jLs[ltljgf o;sf] k"/} jf cf+lzs efu x'ax' k|sfzg ug{,
kl/jt{g u/]/ k|sfzg ug{, s'g} ljB'tLo ;fwg jf cGo k|ljlwaf6 /]s8{ ug{ k|ltlnlk lgsfNg
kfOg] 5}g .

k|yd ;+:s/0f M lj= ;+= @)%&
låtLo ;+:s/0f M lj= ;+= @)^^

d'b|0f M

o; lgb]{lzsf;DaGwL s'g} klg k|sf/sf ;'emfjx¿ ePdf kf7\oj|md ljsf; s]Gb|, ;fgf]l7dL,
eStk'/, ;Dkfbg tyf k|sfzg zfvfdf k7fOlbg'x'g cg'/f]w 5 . kf7sx¿af6 cfpg] ;'emfjx¿nfO{

of] s]Gb| :jfut ub{5 .

DRAFT



xfd|f] egfO

ljBfno txsf] lzIffnfO{ p2]Zod"ns, Jofjxfl/s, ;d;fdlos / /f]huf/d"ns agfpg ljleGg
;dodf kf7\oj|md, kf7\ok':ts ljsf; tyf kl/dfh{g ug]{ sfo{nfO{ lg/Gt/tf lbO“b} cfPsf] 5 .
ljBfyL{df /fi6«, /fli6«o Pstf / nf]stflGqs ;+:sf/sf] efjgf k}bf u/fO{ g}ltstf, cg'zf;g /
:jfjnDagh:tf ;fdflhs Pjd\ rfl/lqs u'0f tyf cfwf/e"t eflifs tyf ul0ftLo ;Lksf] ljsf;
u/L lj1fg, ;"rgf k|ljlw, jftfj/0f / :jf:Yo;DaGwL cfwf/e"t 1fg / hLjgf]kof]uL ;Lksf]
cfjZostf kl/k"lt{sf nflu kf7\oj|md, kf7\ok':ts / cGo k"/s tyf ;xfos ;fdu|L tof/ ug]{
l;nl;nfdf sIff !) df k7gkf7g u/fpg] lzIfsx¿sf nflu of] lj1fg lzIfs lgb]{lzsf tof/
kfl/Psf] xf] .

of] lgb]{lzsf lbg]zs'df/ >]i7, 8Da/Wjh cfªb]Dj], /fdk|;fb ;'j]bL, uf}/Lzª\s/ kf08], hLjgxl/
>]i7 / gGbsfhL >]i7 /x]sf] sfo{bnaf6 n]vg ePsf] xf] . o;nfO{ lzIfs sfo{zfnfaf6 k[i7kf]if0f
lnO{ ;DalGwt ljifo ;ldltaf6 clGtd ¿k k|bfg ul/Psf] xf] . o;sf] ljsf; sfo{df xl/jf]n vgfn,
zDe'k|;fb bfxfn ;d]tsf] of]ubfg /x]sf] 5 . o;sf] ljifoj:t' ;Dkfbg lbg]zs'df/ >]i7, 8Da/Wjh
cf·b]Dj] / /fdk|;fb ;'j]bLaf6, efiff ;Dkfbg lji0f'k|;fb clwsf/L / nf]sk|;fb kl08taf6, 6fOk
;]l6ª efjgf zdf{ tyf n]cfp6 ho/fd s'O“s]naf6 ePsf] xf] .

lzIfs lgb]{lzsf lzIfsx¿nfO{ dfu{ lbg]{zg ug]{ tyf lzIf0f l;sfOdf ;w}“ ;lj|mo /fVg] k"/s ;fdu|L
xf] . o;df kf7\oj|md / kf7\ok':tsdf lgb]{z ul/Psf l;sfO pknlAw÷ljlzi6 p2]Zo tyf ljifoj:t'sf]
ljZn]if0f jf lzIf0f l;sfOsf j|mddf lzIfsn] ckgfpg'kg]{ ljlw tyf ljBfyL{sf] l;sfO pknlAw
cfsng ug]{ tl/sf lbOPsf] 5 . o;n] k|aGwfTds÷j0f{gfTds z}nLnfO{ eGbf ljBfyL{s]lGb|t /
lj|mofsnfkd'vL ljlwnfO{ ckgfPsf] 5 . o;df lgb]{z ul/Psf lj|mofsnfknfO{ Jojxf/df x'ax'
ptfg'{eGbf klg o;sf cfwf/df cg]sf}“ cEof; Pjd\ lj|mofsnfk agfO{ ltgdf ljBfyL{nfO{ ;xefuL
u/fpg ;s] pgLx¿n] k|efjsf/L / k|of]ufTds ¿kdf 1fg, ;Lk / wf/0ff l;Sg] cj;/ kfpg] tyf
l;s]sf s'/fnfO{ Jojxf/df ptfg{ ;Sg] 5g\ eGg] ck]Iff ul/Psf] 5 .

lzIf0f sfo{ lzIfssf] k];fut nug tyf ljBfyL{n] k|fKt ug]{ ;fdflhs tyf l;h{gfTds ;Lk, :yfgLo
kl/j]z / jftfj/0fdf lge{/ /xG5 . lzIf0f cg'ej / Jofjxfl/s bIftfsf cfwf/df lzIfsn] k|of]u
ug]{ ljlw tyf lj|mofsnfk cem k|efjsf/L x'g ;S5g\ . o;nfO{ cem Jofjxfl/s agfpg bIf
lzIfsx¿af6 /rgfTds ;'emfjsf] ;d]t ck]Iff  ul/Psf] 5 .

g]kfn ;/sf/
lzIff dGqfno

kf7\oj|md ljsf; s]Gb |

;fgf]l7dL, eStk'/

DRAFT



o; lgb]{lzsfsf] k|of]u ;DaGwdf

– dfWolds lzIff kf7\oj|md @)^$ cg';f/ kl/dfh{g ul/Psf] sIff !) sf] lj1fg ljifosf]
lzIf0f l;sfOnfO{ k|efjsf/L, ;xh / ;/n agfpg ;xof]uL x'g] x]t'n] of] lgb]{lzsf tof/ ul/Psf]
5 .

– x/]s PsfOcGtu{tsf kf7x¿nfO{ cy{k"0f{ lzIf0f l;sfO ug{ ljBfyL{ s]lGb|t lzIf0f lj|mofsnfkdf
cfwfl/t ljleGg lj|mofsnfkx¿sf] Joj:yf ug]{ k|of; ul/Psf] 5 .

– z}lIfs ;fdu|L / d"Nofª\sg PsfOut ¿kdf Psd':6 /flvPsf] 5 . To;}n] lzIfsn] kf7cg';f/sf]
z}lIfs ;fdu|L / d"Nofª\sg k|lj|mofsf] 5gf]6 ug'{kg]{ 5 .

– o; lgb]{lzsfdf lbOPsf lj|mofsnfkx¿ dfu{bz{gsf ¿kdf lbOPsfn] kf7sf] k|s[ltcg';f/ cGo
j}slNks z}lIfs ;fdu|Lx¿ / ljBfyL{s]lGb|t lzIf0f lj|mofsnfkx¿ 5gf]6 u/L lzIf0f ug{
;lsg] 5 .

– x/]s PsfOsf nflu 5'6\ofOPsf] 3G6L cg'dflgt dfq ePsfn] kf7sf] k|s[ltcg';f/ kf7 3G6LnfO{
;dfof]hg ug{ ;lsg] 5 .

– PsfOut ¿kdf pNn]v ul/Psf ljlzi6 p2]Zox¿nfO{ k"/f ug{ cfjZostfg';f/ sIffut
Jofjxfl/s p2]Zox¿ lgwf{/0f u/L lzIf0f lj|mofsnfk ug'{kg]{ 5 .

– lzIf0f lj|mofsnfk ubf{ lbOPsf] PsfOaf6 ljBfyL{x¿df ljsf; x'g'kg]{ Jofjxfl/s 1fg, k|lj|mofut
;Lk / ;sf/fTds ;f]rsf] ljsf; ug{ lzIfs ;hu / ;r]t x'g'kg]{ 5 .

– x/]s PsfOsf] cGTodf lzIfsnfO{ kf7;“u ;DalGwt yk cfjZos ljifoj:t'sf] hfgsf/L lbgsf
nflu lzIfsnfO{ yk hfgsf/LcGtu{t lzIfssf nflu pkof]uL 7flgPsf ljljw kIfsf] pNn]v
ul/Psf] 5 .

– cGTodf o; lzIfs lgb]{lzsfsf] ;'wf/sf nflu ;Dk"0f{ lzIfs ;d'bfoaf6 /rgfTds ;'emfjsf]
ck]Iff ul/Psf] 5 .

DRAFT



ljifo;"rL

j|md ;ª\Vof zLif{s k[i7;ª\Vof

PsfO – ! an !
PsfO – @ rfk !)

PsfO – # pmhf{ !*

PsfO – $ tfk @@

PsfO – % k|sfz @^

PsfO – ^ ljB't\ wf/f / r'DasTj #!

PsfO – & tŒjx¿sf] juL{s/0f $@

PsfO – * /f;folgs k|ltlj|mof %)

PsfO – ( cDn, Iff/ / nj0f %*

PsfO – !) s]xL Uof;x¿ ^#

PsfO – !! wft'x¿ ^&

PsfO – !@ xfO8«f]sfa{g / o;sf of}lusx¿ &$

PsfO – !# b}lgs hLjgdf k|of]u x'g] j:t'x¿ &(

PsfO – !$ la?jf / hgfj/sf] juL{s/0f *^

PsfO – !% efO/; (#

PsfO – !^ pQ]hgf / k|ltlj|mof ((

PsfO – !& sf]if ljefhg !)^

PsfO – !* cd}y'lgs / d}y'lgs k|hgg !!)

PsfO – !( ljhf0f'af6 la?jfsf] k|hgg !!#

PsfO – @) dfgj z/L/df /St ;~rf/ lj|mof !!^

PsfO – @! j+zfg'j|md !@!

PsfO – @@ kfl/l:ylts k4lt !@&

PsfO – @# k[YjLsf] Oltxf; !#@

PsfO – @$ jfo'd08n !#&

PsfO – @% a|Ådf08 !$#

DRAFT
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PsfO ! an (Force)

cg'dflgt 3G6L M !)

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= Go'6gsf] u'?Tjfsif{0f;DaGwL lgodx¿ j0f{g ug{ .

@= u'?Tj / u'?Tjfsif{0fdf leGgtf 5'6\ofpg .

#= lk08 / tf}ndf leGgtf 5'6\ofO{ lk08 / tf}nsf] PsfO JoSt ug{ .

$= ljleGg j:t'x¿sf] lk08 gfKg .

%= s'g} j:t'sf] :jtGq v;fO / tf}nljxLgtfsf] j0f{g ug{ .

-v_ kl/ro

o; PsfOaf6 ljBfyL{x¿df Go'6gsf u'?Tjfsif{0f;DaGwL lgodx¿sf] JofVof ug]{, u'?Tj an /
u'?Tjfsif{0faLr leGgtf 5'6\ofpg / ltgLx¿sf] k|of]usf ljleGg pbfx/0fx¿ lbg ;Sg]
Ifdtfsf] ljsf; ug{ vf]lhPsf] 5 . ;fy} lk08, tf}n, :jtGq v;fO, tf}nljlxgtfsf] j0f{g ug{,
k|of]u u/]/ b]vfpg / b}lgs hLjgdf ltgLx¿sf] k|of]uaf/] kl/lrt u/fpg vf]lhPsf] 5 .

-u_ lzIf0f ;fdu|L

 sf]klg{s;, Uoflnlnof] / Go'6gsf] kmf]6f], r'Das, r'DasLo sDkf; .

 b'O{ km/s tf}n ePsf 9'ª\ufsf 6'j|mfx¿, Pp6f l6gsf] kftf jf ljBfnodf 7f]Sg] 3G6L,
:6kjfr, Knfl:6s y}nL, 7"nf / ;fgf u'Rrfx¿ -@%÷@% cf]6f_, ef}lts t/fh', 9s .

 ^) ;]ld hlt nfdf] dl;gf] 8G8L -5ftfsf] tf/ klg x'g ;S5_, kmnfdsf] 8Nnf] / wfuf] .

-3_ lzIf0f l;sfO lj|mofsnfk

u'?Tjfsif{0fsf] kl/ro

 sf]klg{s;, Uoflnlnof] / Go'6gsf] ;fdfGo lrgf/Laf/] 5nkmn ug'{xf];\ . pknAw ePdf
pgLx¿sf] kmf]6f] b]vfO{ k|bz{g ug'{xf];\ .

 sf]klg{s;, Uoflnlnof]n] k|:t't u/]sf u|x / pku|xsf rfnaf/] lgDglnlvt s'/fx¿

atfpg'xf];\ M

– ;g\ 1542 cl3sf dflg;x¿ ;a} u|x, tf/f, ;"o{n] k[YjLsf] kl/j|mdf u/]sf] 7fGy] .



2 lzIfs lgb]{lzsf, lj1fg, sIff – !)

– ;f}o{d08nsf ;a} u|xx¿n] ;"o{sf] kl/j|mdf ub{5 eGg] ;"o{ s]lGb|t l;4fGt sf]klg{s;n]
k|:t't u/] . o;af6 of] k|:6 x'G5 ls ;a} cfsfzLo lk08x¿n] k[YjLsf] kl/j|mdf
ub}{gg\ .

– ;g\ 1600 lt/ Uoflnlnof]n] b"/bz{s oGqn] x]/]/ j[x:klt jl/kl/ To;sf pku|x
kl/j|mdf u/]sf] b]v] .

– sf]klg{s;sf] ljrf/ Uoflnlnof]n] k'li6 u/] .

 ljBfyL{x¿;“u lgDglnlvt k|Zgx¿ ;f]Wg'xf];\ / 5nkmn ug'{xf];\ M

– k[YjLnfO{ lsg rGb|dfn] kl/j|mdf ub{5 <

– ;"o{n] k[YjLnfO{ lsg kl/j|mdf ub}{g <

– ;"o{b]lv k[YjL lsg 6f9f hf“b}g < To:t} k[YjLb]lv lsg rGb|df 6f9f hf“b}g <

-pko'{St k|Zgx¿af/] ljBfyL{x¿aLr ;d"x agfO{ 5nkmn ug{ nufpg] _

-ljBfyL{x¿af6 ;xL pQ/ gcfPdf lzIfsn] atfOlbg'xf];\ ._

– rGb|df, k[YjL / ;"o{aLr Psn] csf]{nfO{ cfsif{0f ub{5g\ eGg] s'/fdf hf]8 lbg'xf];\ .

 kf7\ok':tssf] k[i7 ! sf] u'?Tjfsif{0f eGg] kf7\of+z ljBfyL{x¿nfO{ k9\g nufpg'xf];\ /

lgDglnlvt k|Zgx¿ ;f]Wg'xf];\ M

– Hjf/ef6f eg]sf] s] xf] <

– ;d'b|df Hjf/ lsg p7\5 <

– s] ;a} lk08x¿aLr cfsif{0f x'G5 < 5nkmn u/fpg'xf];\ .

cGTodf lgDglnlvt s'/fx¿ atfOlbg'xf];\ M

– x/]s lk08x¿aLr cfsif{0f x'G5 .

– s'g} b'O{cf]6f j:t'x¿aLr ltgLx¿sf] lk08sf sf/0fn] x'g] cfsif{0f annfO{ u'?Tjfsif{0f
elgG5 .

u'?Tjfsif{0f ansf] b"/L / lk08;“u ;DaGw

 ljBfyL{x¿;“u lgDglnlvt k|Zgx¿ u/L 5nkmn ug{'xf];\ M

-s_ s'gs'g sf/s tŒjx¿n] u'?Tjfsif{0f annfO{ k|efj kfb{5 <

-v_ lk08 kl/jt{g x'“bf u'?Tjfsif{0f andf s] c;/ k5{ <

-u_ b'O{ j:t'x¿aLrsf] b'/L a9fp“bf u'?Tjfsif{0f andf s] kl/jt{g x'G5 <



lzIfs lgb]{lzsf, lj1fg, sIff – !) 3

 lgDglnlvt k|of]u k|bz{g ug'{xf];\ / ljBfyL{x¿nfO{ cjnf]sg ug{ nufpg'xf];\ M

– Pp6f r'Dassf] pQ/L w|'j k"j{lbzflt/ kmsf{pg nufpg'xf];\ . To;sf] glhs Pp6f
r'DasLo sDkf; /fVbf sDkf;nfO{ r'Dasn] s] c;/ kfb{5 < cjnf]sg ug'{xf];\ .

– sDkf;nfO{ r'Dasaf6 la:tf/} 6f9f ;fbf{ sDkf;df s] kl/jt{g cfp“5 < o;sf]
sf/0f kQf nufpg ljBfyL{x¿nfO{ k|f]T;flxt ug'{xf];\ .

– r'Dasdf h:t} lk08sf] cfsif{0f ug]{ lglZrt If]q x'G5 . b'O{cf]6f cfsfzLo lk08x¿aLr
b'/L a9\bf ltgLx¿aLr pTkGg x'g] u'?Tjfsif{0f an klg sd x'G5 . b'/L 36\bf
u'?Tjfsif{0f an a9\5 egL k|:6 kfg'{xf];\ .

– kf7\ok':tsdf lbOPsf lrqx¿ !=@, !=# / !=$ af]8{df n]Vg'xf];\ / ;f] lrqnfO{
:ki6;“u JofVof ug'{xf];\ . o;af6 lk08 / u'?Tjfsif{0f ansf] kl/df0faLrsf] ;DaGw
k|:6 kfg'{xf];\ .

– kf7\ok':tssf lrqx¿ !=%, !=^ / !=& af]8{df n]Vg'xf];\ . lrqsf] dfWodaf6 b'O{
j:t'aLrsf] b'/L / ltgLx¿aLr pTkGg x'g] u'?Tjfsif{0f ansf] kl/df0faLrsf] ;DaGw
atfpg'xf];\ .

Go'6gsf] u'?Tjfsif{0f;DaGwL ljZjJofkL lgod

 Go'6gsf] u'?Tjfsif{0f;DaGwL lgod ljBfyL{x¿nfO{ cf–cfÇgf] sfkLdf n]Vg nufpg'xf];\ /
s]xLnfO{ k|:t't ug{ nufpg'xf];\ .

 ljBfyL{x¿n] k|:t't u/]sf s'/f ;xL 5}gg\ eg] lzIfsn] af]8{df n]lvlbg'xf];\ .

 G==========;"q lgdf{0f ug{ l;sfpg'xf];\ .

 pSt ;"qdf G sf] cy{, kl/efiff, dfg / PsfO atfpg'xf];\ .

 kf7\ok':tsdf lbOPsf ul0ftLo ;d:ofsf pbfx/0fx¿ ljBfyL{x¿nfO{ xn ug{
nufpg'xf];\ .

 gd'gfsf nflu s]xL ul0ftLo ;d:ofsf pbfx/0fx¿ lzIfsn] agfO{ k|:t't ug'{xf];\ /
ljBfyL{x¿nfO{ klg xn ug{ nufpg'xf];\ .

u'?Tj an (Gravity)

 u'?Tj ansf] kl/ro :ki6 kfg'{xf];\ . u'?Tj ansf] kl/efiff eGg nufpg'xf];\ .

 u'?Tj an / u'?Œjfsif{0f anaLr leGgtf s] 5 eGg nufpg'xf];\ .

 u'?Tj an lx;fa ug]{ ;"q 2=
R
Mm.G

F  s;/L eof] / o;df M, m / R n] s]s] s'/fsf]

k|ltlglwTj u5{, :ki6 kfg'{xf];\ .



4 lzIfs lgb]{lzsf, lj1fg, sIff – !)

 ljleGg cfsfzLo lk08x¿ ;"o{, k[YjL, j[x:klt, rGb|df cflbn] cfÇgf] glhs /x]sf] 1

lsnf]u|fd lk08 ePsf] s'g} klg j:t'nfO{ sltslt u'?Tj ann] cfÇgf] s]Gb|lt/ tfG5,
lx;fa ug{ nufpg'xf];\ . o;sf nflu cfjZos tYofª\sx¿, h:t} M tf/f, u|x / pku|xx¿sf]
cw{Jof; / lk08x¿ pknAw u/fpg'xf];\ .

 ;"o{ hqf] 7"nf] tf/f rGb|df hqf] eof] eg] o;sf] u'?Tj an k|ltlsnf]u|fd j:t'df slt
k5{ < ljBfyL{x¿nfO{ lx;fa ug{ nufpg'xf];\ / lzIfsn] l;sfOlbg'xf];\ .

 k[YjLsf] u'?Tj an rGb|dfsf] eGbf a9L x'g'sf] sf/0f ljBfyL{x¿aLr 5nkmn ug{
nufpg'xf];\ -o:t} c¿ pbfx/0f klg b]vfpg ;lsG5_ .

lzIf0f gf]6

!= Pp6f lk08 cToGt ljzfn -rGb|, k[YjL jf tf/f hqf]_ / csf]{ lk08 cToGt ;fgf] eof] eg]
tL b'O{ -7"nf] / ;fgf]_ aLr pTkGg x'g] u'?Tjfsif{0f ansf] c;/ ;fgf] lk08df dfq k/]sf]
b]lvG5 . o;n] ubf{ ;fgf] lk08nfO{ 7"nf] lk08n] cfÇgf] s]Gb|lt/ cfsif{0f ub{5 . h:tf]
k[YjLn] o;sf] ;txdf /x]sf x/]s j:t'nfO{ cfÇgf] s]Gb|lt/ cfsif{0f ub{5 . o;/L cfsif{0f
ug]{ annfO{ u'?Tj an elgG5 .

s'g} u|x jf pku|xn] To;sf] ;txdf /x]sf] 1 lsnf]u|fd lk08 ePsf] j:t'nfO{ cfÇgf]
s]Gb|lt/ cfsif{0f ug]{ ansf] gfknfO{ To; u|x jf pku|xsf] u'?Tj an elgG5 .

u|x jf pku|xsf] u'?Tj an lx;fa ubf{ -u'?Tj an 2=
R

GMm
F _ ;"q nufOG5 . oxf“ M

eg]sf] u|x jf pku|xsf] lk08 / R eg] cw{Jof; x'g\ . oxf“ u|xsf] cw{Jof; g} b'O{ j:t'aLrsf]
b'/L dflgG5 lsgeg] csf]{ j:t' w]/} ;fgf] x'g] x'“bf To;sf] cw{Jof; Hofb} sd -guGo_
x'G5 .

u'?Tj ansf] c;/ / u'?Tj k|j]u

 k[YjLsf] u'?Tj ann] oxf“ /x]sf j:t'x¿df s] k|efj kb{5g\ egL ljBfyL{x¿nfO{ ;f]Wg] /
ltgLx¿af6 k|fKt pQ/ 7Ls 5÷5}g atfOlbg'xf];\  .

 u'?Tj k|j]usf] kl/efiff, u'?Tj k|j]usf] cf};t dfg / PsfOaf/] 5nkmn ug'{xf];\ .

 kf7\ok':tsdf lbOPsf] lj|mofsnfk 1.1 u/]/ b]vfOlbg'xf];\ .

 7"nf] 9'ª\uf / ;fgf] 9'ª\uf Ps} 7fp“af6 v;fNbf b'j} ;“u} v:5g\ t/ 9'ª\uf / sfuhsf]
6'j|mfx¿ Ps} 7fp“af6 v;fNbf 9'ª\uf klxn] v:5 . pko'{St tYox¿sf sf/0faf/] 5nkmn
ug'{xf];\ .



lzIfs lgb]{lzsf, lj1fg, sIff – !) 5

 Uoflnlnof]n] u/]sf] Kjf“v l;Ssfsf] k|of]u j0f{g ug'{xf];\ . pSt k|of]un] l;sfpg] j}1flgs
wf/0ff u'?Tj k|j]u ;a} j:t'df a/fa/ x'G5 eGg] ;DaGwdf JofVof ug'{xf];\ .

 kf7\ok':tssf] lj|mofsnfk 1.2 k|bz{g ug'{xf];\ .

 k':tsdf lbOPsf] ljrf/0fLo k|Zgx¿sf] pQ/ ljBfyL{x¿nfO{ eGg nufpg'xf];\ . pQ/ ;xL
gePdf atfOlbg'xf];\ .

cw{Jof; / u'?Tj k|j]uaLrsf] ;DaGw

 k[YjLsf] cw{Jof; ;+;f/el/ ;a} 7fp“df ;dfg 5}g . pbfx/0fsf nflu w|'jLo If]qdf cw{Jof;
e"dWo] /]vLo If]qeGbf sd 5 egL atfpg'xf];\  .

 k[YjLsf] df]6fdf]6L cfsf/ af]8{df n]v]/ cw{Jof; 7fp“cg';f/ km/s x'gfsf sf/0f JofVof
ug'{xf];\ .

 2=
R
GM

g ;"q l;4 u/L b]vfOlbg'xf];\ .

 2R
1g?  x'G5 egL k|dfl0ft u/]/ b]vfpg'xf];\ .

 g sf] cf};t dfg a/fa/ 9.8 ld÷;]2  x'G5 egL k|:6 kfl/lbg'xf];\ .

k[YjLdf u'?Tj k|j]u

 k[YjLsf] lk08 6 x 1024 lsnf]u|fd x'G5 / o;sf] cw{Jof; w|'jLo If]qdf 6357 lsnf]ld6/ /
e"dWo/]vLo If]qdf 6378 x'G5 egL atfp“b} lrq klg k|:t't ug{ nufpg'xf];\ .

 w|'jLo If]qdf / e"dWo/]vLo If]qdf g sf] dfg sltslt x'G5 < ljBfyL{x¿nfO{ lx;fa
u/]/ lgsfNg nufpg'xf];\ .

 dfgf}“ k[YjLsf] cw{Jof; 6378 lsnf]ld6/ eP ;u/dfyfsf] 6'Kkfdf -prfO 8.8 lsnf]ld6/_ g sf]
dfg slt x'G5 < lx;fa ug{ nufpg'xf];\ .

 ljBfyL{n] ug{ g;s]sf] cj:yfdf pko'{St lx;fax¿ lzIfs cfkm}“n] u/]/ b]vfpg'xf];\ .
pko'{St tLg} 7fp“sf] u'?Tj k|j]u bf“h]/ b]vfpg'xf];\ .

 u'?Tj k|j]usf] dfg k[YjLdf 7fp“cg';f/ km/s x'G5 eGg] s'/f JofVof ug'{xf];\ .

 u'?Tj k|j]usf] dfg kl/jt{g x'gfsf sf/0f JofVof ug'{xf];\ .
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cGo u|x / pku|xdf u'?Tj k|j]u

 ljleGg u|xx¿ h:t} M dª\un, zlg, j[x:klt, pku|x rGb|df cflb 7fp“df klg u'?Tj k|j]u
k[YjLdf hlQs} x'G5 ls km/s x'G5 egL ;f]Wg'xf];\ .

 k[YjL, dª\un, zlg, j[x:klt u|xx¿sf] lrq af]8{df n]v]/ b]vfpg'xf];\ . lrq n]Vbf
ltgLx¿sf] ;fOh km/s kfg]{ k|To]ssf] cw{Jof; / lk08 klg n]v]/ b]vfpg'xf];\ .

 tYofª\ssf nflu kf7\ok':tssf] @%@ k]hsf] 25.3 tflnsfsf] d2t lng'xf];\ .

 oL ljleGg u|xdf u'?Tj k|j]u k[YjLdfeGbf km/s x'gfsf] sf/0f JofVof ug{'xf];\ . u|xsf]
lk08 / cw{Jof;n] u'?Tj k|j]unfO{ c;/ ub{5 egL k|:6 kfg'{xf];\ .

 oL u|xx¿df u'?Tj k|j]u sltslt x'G5 < ljBfyL{x¿nfO{ lx;fa ug{ nufpg'xf];\ .

 ljBfyL{x¿n] ug{ g;s]df lzIfsn] u/]/ b]vfpg'xf];\ .

rGb|dfsf] ;txdf u'?Tj k|j]u

 rGb|dfsf] ;txdf u'?Tj k|j]u slt x'G5 lx;fa ug{ nufpg'xf];\ .

 s'g} Ps hgf JolStn] k[YjLdf hlt tf}n p7fpg ;S5 cGo u|x jf pku|xdf klg Tolt g}
tf}n p7fpg ;S5 egL JofVof ug'{xf];\ .

 k[YjLdf hlt g} tf}n rGb|dfdf klg p7fpg ;lsG5 t/ k[YjLdf hlt lk08 p7fpg ;lsg]
xf] Tof]eGbf a9L lk08 rGb|dfdf p7fpg ;lsG5 lsgls k[YjLdf hlts} tf}n k'¥ofpg
rGb|dfdf a9L lk08 cfjZos kb{5 eGg] s'/fsf] JofVof ug'{xf];\ . -oxf“ rGb|dfdf klg cGo
cj:yfx¿ ;fdfGo ePsf] dfg]/ JofVof ug]{_

lk08 / tf}n

 lk08 / tf}nsf] kl/efiff ljBfyL{x¿;“u ;f]Wg'xf];\ . ljBfyL{x¿n] eGg g;s]df lzIfsn]
atfOlbg'xf];\ .

 lk08 / tf}naf/] kf7\ok':tsdf ePsf s'/f cWoog ug{ nufpg'xf];\ .

 cWoogkl5 ljBfyL{x¿nfO{ lk08 / tf}naLrsf] leGgtf cf–cfÇgf] sfkLdf n]Vg nufpg'xf];\ .

 ljBfyL{x¿n] n]v]sf] s'/f eGg nufpg'xf];\ . cfjZos k/]df lzIfsn] ;RofOlbg'xf];\ .

 lj|mofsnfk !=# u/]/ b]vfpg'xf];\ .

 tf}n / u'?Tj k|j]uaLrsf] ;DaGw JofVof ug'{xf];\ .

 lgDglnlvt :yfgx¿dWo] s'gdf j:t'sf] tf}n a9L x'G5 < sf/0f;lxt 5nkmn ug{'xf];\ .
klxn] ljBfyL{;“u ;f]Wg] cfjZos eP lzIfsn] atfpg'xf];\ .
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-s_ k[YjLsf] e"dWo] /]vLo If]q / w'|jLo If]q

-v_ g]kfnsf] t/fO{ / cUnf] kxf8

-u_ ;d'b| ;tx / ;u/dfyfsf] 6'Kkfdf

:jtGq v;fO

kf7\ok':ts k]h 8 lrq 1.11 af]8{df n]Vg'xf];\ / lgDglnlvt k|Zg ;f]Wg'xf];\ M

-s_ gnLleq xfjf /x]sf] j]nf l;SsfeGbf Kjf“v l9nf] v:g'sf] sf/0f s] xf] <

-v_ gnLleq xfjf lems]kl5 Kjf“v klg l;Ssf h:t} l56f] ultdf v:g'sf] sf/0f s] xf] <

 pko'{St k|Zgx¿sf] pQ/ ljBfyL{af6 pknAw gePdf lzIfsn] JofVof ug'{xf];\ .

 xfjf ePsf] 7fp“df / xfjf gePsf] 7fp“df Kjf“v v:bf s] km/s kfpg ;lsG5 <

 :jtGq v;fOsf] kl/efiff lbg'xf];\ .

 k[YjLdf s'g cj:yfdf j:t'sf] v;fO :jtGq x'g ;S5 < Ps 6'j|mf 9'ª\uf jf l;Ssf xfjfdf
v;fNbf s] :jtGq v;fO x'g ;S5 < oL k|Zgx¿af/] 5nkmn ug'{xf];\ .

 rGb|dfsf] ;txdf x/]s j:t'sf] v;fO :jtGq x'G5 egL JofVof ug'{xf];\ .

 :jtGq v;fOsf] j]nf j:t'sf] k|j]u To; 7fp“sf] u'?Tj k|j]u;“u a/fa/ x'g] s'/f :ki6
kfg'{xf];\ .

tf}nljxLgtf

 kf7\ok':tssf] k]h 15 sf] lj|mofsnfk 1.4 k|bz{g ug'{xf];\ . oxf“ k|m]d vl;/x]sf] cj:yfdf
k|m]dsf] aLrdf kmnfdsf] uf]nf c8]sf] b]lvG5 . k|m]d 6]andf c8\ofP/ wfuf] 5f]8\bf eg]
uf]nf cl8“b}g . o;/L vl;/x]sf] j]nfdf dfq uf]nf cl8g'sf] sf/0f JofVof ug'{xf];\ .

 tf}nljxLgtfsf] kl/efiff atfp“b} JofVof ug'{xf];\ .

 kf7\ok':tssf] lrq 1.15 af]8{df n]v]/ j0f{g ug'{xf];\ .

 pSt lrqcg';f/ Plne]6/ vl;/x]sf] cj:yfdf To;leqsf] s]6fn] an xfjfdf cl8/x]sf]
b]V5 . lsgls On]d]6/, s]6f] / an ;dfg u'?Tj k|j]un] tn eml//x]sf x'G5g\ . cyf{t\ tL
tLg}sf] v:g] ult ;dfg x'G5 . 7Ls To:t} cGtl/Ifdf /x]sf] cGtl/Ifofg leqsf ofq'x¿sf]
klg pSt s]6fsf] h:t} cj:yf x'G5 . ofg, ofq' / cGo j:t'sf :jtGq v;fO ;dfg ultdf
v;]sf] x'G5 egL JofVof ug'{xf];\ .

 kf/f;'6 s;/L v:5 < s] kf/f;'6sf] klg :jtGq v;fO x'G5 < oL k|Zgx¿ ljBfyL{nfO{
;f]Wg'xf];\ . ;xL pQ/ gcfPdf lzIfsn] JofVof ug'{xf];\ .
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-ª_ d"Nofª\sg

 s'g} j:t'sf] tf}n k[YjL / rGb|dfdWo] sxf“ a9L x'G5 / lsg <

 s'g} j:t'nfO{ Psk6s e"dWo/]vLo If]q / csf]{ k6s w|'jLo If]qdf ;dfg prfOdf v;fNbf
sxf“ l56f] v:5 / lsg <

 kxf8sf] km]bLdfeGbf kxf8sf] 6'Kkfdf j:t'sf] tf}n lsg sd x'G5 <

 u'?Tjfsif{0f cr/ (G) eg]sf] s] xf] < o;sf] dfg / PsfO n]Vg'xf];\ .

 k[YjLdf 60 lsnf]u|fd lk08 p7fpg ;Sg] ef/Qf]nsn] rGb|dfdf slt lk08 p7fpg
;Snf < lx;fa u/L b]vfpg'xf];\ .

 s'g cj:yfdf Pp6f l;Ssf / Kjf“v ;“u} v:5 < To;/L ;“u} v:g'sf] sf/0f s] xf] <

 k[YjLsf] lk08 6x1010 lsnf]u|fd / cw{Jof; 6380 lsnf]ld6/, rGb|dfsf] lk08 7.2x1022

lsnf]u|fd / cw{Jof; 1.7x106 ld6/ 5g\ . 1 lsnf]u|fd lk08 ePsf] j:t'df k[YjLsf] u'?Tj
an slt k5{ / rGb|dfsf] u'?Tj an ;f]xL lk08df slt k5{ < k[YjLnfO{ rGb|df hqf]
x'g]u/L vf“b\g ;lsof] eg] o;sf] u'?Tjan slt x'G5 <

 ;d'b|L Hjf/ eg]sf] s] xf] < Hjf/ s;/L p7\5 <

 rGb|df ;Dd'v k/]sf] j]nf p7\g] Hjf/ 7"nf] x'G5 t/ ;"o{ ;Gd'v k/]sf] j]nf p7\g] Hjf/ ;fgf] x'G5 lsg <

 jGhL hDk ubf{ ;f] JolStsf] v;fOnfO{ :jtGq v;fO dfGg ;lsG5 ls ;ls“b}g < :ki6
JofVof ug'{xf];\ .

 tf}nljxLgtf eg]sf] s] xf] < Pp6f pbfx/0f;lxt tf}nljxLgtfsf] :ki6 JofVof ug'{xf];\ .
k|Zgx¿sf dfWodaf6 d"Nofª\sg ug'{xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

u'?Tjk|j]udf lk08sf] c;/

ljleGg j:t'x¿ k[YjLsf] ;txlt/ v:b} u/]sf] cj:yfdf tL j:t'sf lk08n] ltgLx¿sf] u'?Tj
k|j]udf c;/ kb}{g . To;}n] 7"nf] / ;fgf] 9'ª\uf v;fNbf b'j} ;“u} v:5g\ . ;fgf] / 7"nf] eP tfklg
b'j} Pp6} j:t' -3gTj a/fa/_ ePsfn] xfjfsf] c;/ ;dfg ¿kn] / guGo dfqfdf k5{ . To;}n]
k|j]u ;dfg ePsf] xf] .

8Nnf] k/]sf] sfuhsf] ;txsf] If]qkmn sd / 8Nnf] gkfl/Psf] sfuhsf] kfgfsf] ;txsf] If]qkmn
a9L ePsfn] xfjfsf] cj/f]w 8Nnf k/]sf] sfuhdf sd k5{ . sfuhsf] kfgfdf xfjfsf]] cj/f]w
a9L kg]{ ePsfn] la:tf/} dfq v:5 .

To:t} rGb|dfsf] ;txdf xfjf 5}g . v:b} u/]sf] j:t'nfO{ cj/f]w ug]{ Toxf“ c¿ s]xL dfWod
5}g . To;}n] ux“|'uf] j:t' -3g_ xf];\ of xn'sf -Kjf“v_ xf];\ ;a}sf] u'?Tj k|j]u ;dfg x'G5 . To;}n]
;a} j:t' ;“u} v:5g\ .
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tf}nljxLgtf

k[YjLsf] s]Gb|af6 hlt 6f9f uof] plQ g} j:t'sf] tf}n sd x'“b} hfG5 lsgeg] k[YjLsf] u'?Tj If]qsf]
tLj|tf k[YjLsf] b'/L a9]cg';f/ 36\b} hfG5 . hlt rGb|dfsf] glhs uof], Tolt g} ;f] j:t'df rGb|dfsf]
u'?Tj If]qsf] tLj|tf a9\b} hfG5 . To;}n] k[YjL / rGb|dfsf aLr sxL“ o:tf] ljGb' x'G5 hxf“ ;f]
j:t'df kg]{ k[YjLsf] u'?Tj If]qsf] tLj|tf / rGb|dfsf] u'?Tj If]qsf] tLj|tf a/fa/ t/
ljk/Lt lbzfdf nfu]sf x'G5g\ . ;f] ljGb'df j:t'sf] jf:tljs tf}n z"Go b]lvG5 . ;f] ljGb'nfO{
t6:y ljGb' (null point) elgG5 .

To:t} k[YjLsf] s'g} lglZrt b'/Ldf /x]/ k[YjLsf] kl/j|mdf ub}{ u/]sf] cGtl/If ofgleq /x]sf
cGtl/If ofqL / cGo j:t'df tf}n z"Go h:tf] b]lvG5 . To;}n] u'?Tj ansf] c;/ ;f] j:t'x¿df
kb}{g lsgeg] cGtl/If ofg;lxt tL j:t'x¿ :jtGq v;fOsf] cj:yfdf /xG5g\ .

;“u}sf ] lrq cWoog u/f } “ . dfgf } “
cGtl/If ofgn] cfÇgf] sIfnfO{ 5f]8]/
;/n /]vfdf uPsf] eP s'g} lglZrt
;dodf ‘s’ :yfgdf k'Ug] lyof] . cfÇgf]
sIfsf] lglb{i6 :yfg ‘v’ af6 s]xL b'/L
-k[YjLsf] s]Gb|b]lv ‘s’, ‘u’ b'/L_ 6f9f
k'Ug] lyof] . ca k[YjLsf] u'?Tjfsif{0fn]
ubf{ ;f] ofgn] cfÇgf] sIfnfO{ 5f]8]/ hfg
;Sb}g . ;f] cjlwdf cGtl/Ifofg ‘s, v’
b'/L k[YjLlt/ v;]/ ‘v’ :yfgdf k'u]sf]
x'G5 . o;/L j[Qfsf/ sIfdf kl/j|mdf
ubf{ cGtl/If ofg lg/Gt/ k[YjLlt/ v:b}
u/]sf] x'G5 . o;n] ubf{ tL cGtl/If ofg
lg/Gt/ :jtGq v;fOsf] cj:yfdf /x]sf
x'G5g\ . cGtl/If ofgsf] :jtGq v;fOsf sf/0fn] leqsf cGtl/If ofqLn] tf}nljxLgtfsf] cg'ej
ub{5g\ .

kf/f;'6sf] v;fO ;'?df -ha;Dd kf/f;'6 v'n]sf] x'“b}g_ :jtGq cj:yfdf x'G5g\ . To;j]nf xfjfsf]
cj/f]w guGo x'G5 . ha kf/f;'6 v'N5 clg xfjfn] clws cj/f]w pTkGg u5{ . kf/f;'6df
nfu]sf] xfjf kf/f;'6sf] s]Gb|af6 lsgf/flt/ ;5{ . o;/L ;bf{ kf/f;'6sf] ;txdf 3if{0f x'G5 .
;f] xfjfsf] ult sd x'G5 . o;n] ubf{ kf/f;'6sf] d'lg xfjfsf] rfk clws x'G5 . pSt clws
rfkn] kf/f;'6sf] k|j]u z"Go eO{ ;dfg ultdf tn em5{ .
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PsfO @ rfk (Pressure)

cg'dflgt 3G6L M !!

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= t/n kbfy{sf] rfk k|bz{g ug{ .

@= kf:snsf] lgod l;4 ug{ .

#= b}lgs hLjgdf cfls{ldl8hsf] l;4fGtsf] k|of]u pbfx/0f;lxt JofVof ug{ .

$= KnjgzLntfsf] lgod k|bz{g ug{ .

%= cfls{ldl8hsf] l;4fGt / rfk;DaGwL ;/n ul0ftLo ;d:ofx¿ xn ug{ .

-v_ kl/ro

o; PsfOdf rfksf] kl/ro, o;nfO{ c;/ kfg]{ sf/s tŒjx¿af/] ljBfyL{x¿n] hfgsf/L k|fKt
ug]{ 5g\ . t/n kbfy{sf] tfk / o;nfO{ c;/ kfg]{ tŒjx¿ vf;u/L t/nsf] ulx/fOaf/] 1fg
k|fKt u/L b}lgs hLjgdf t/n rfksf] pkof]u / ;d:of ;dfwfg ug{ ;Ifd x'g] 5g\ . kf:snsf]
lgod / b}lgs hLjgdf o;sf] pkof]usf pbfx/0fx¿ JofVof ug{ / k|:t't ug{ l;sfpg'kg]{
5 . cfls{ldl8hsf] l;4fGt, KnjgzLntfsf] lgod k|bz{g / JofVof ug{ / ;DalGwt ul0ftLo
;d:ofx¿ ;dfwfg ug{ ;Ifd x'g] 5g\ . To;;DaGwL b}lgs hLjgdf k|of]u ul/Psf pbfx/0fx¿
k|:t't ug{ ;Sg] u/fpg vf]lhPsf] 5 .

-u_ lzIf0f ;fdu|L

kmf]dsf] rs6L, O“6f jf sf7sf] Ans, Knfl:6s af]6n -nfDrf] cfsf/sf]_, afSnf] Knfl:6ssf]
y}nL, l:k|ªJofn]G;, ljs/, 9'ª\ufsf] 6'j|mf, wfuf], s'v'/fsf] km'n, g'g, afN6L, kmnfdsf] lsnf,
kmnfdsf] s/fxL jf cGo ef“8f], cf]e/Çnf]s]g, /a/ jª\s, sf7sf] ss{, k/LIf0f gnL, l;;fsf
u'Rrfx¿, 6kKofg Jofn]G;, xfO8«f]ld6/, NofS6f]ld6/, aflN6g .

-3_ lzIf0f l;sfO lj|mofsnfk

an, ;txsf] If]qkmn / rfk

 b}lgs hLjgdf rfksf] k|of]u u/L ul/g] sfo{x¿ s]s] 5g\, ljBfyL{;“u ;f]Wg'xf];\ / ;xL
hjfkm gcfPdf lzIfsn] atfpg'xf];\ .
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 kf7\ok':tssf] lj|mofsnfk 2.1 k|bz{g ug'{xf];\ . kmf]dsf] ;6\6f skf; jf g/d df6f] k|of]u
ug{ ;lsG5 . glthf af]8{df n]Vg'xf];\ .

 ljBfyL{x¿nfO{ k|of]usf] glthf tflnsf agfO{ n]Vg nufpg'xf];\ .

 ljrf/0fLo k|Zgx¿ -kf7\ok':ts k]h @)_ sf cfwf/df 5nkmn ug'{xf];\ .

 ann] lbg] rfk ansf] kl/df0f;“u ;dfg'kflts x'G5 eGg]af/] 5nkmn ug'{xf];\ .

 an rfk nfUg] 7fp“sf] If]qkmn;“u Jo'Tj|mdfg'kflts x'G5 egL JofVof ug'{xf];\ .

 rfk =   an ;"q agfpg l;sfpg'xf];\ .
 If]qkmn

 rfksf] kl/efiff / PsfO n]Vg nufpg'xf];\ .

 cEof; / pbfx/0fdf lbOPsf rfk;DaGwL ul0ftLo ;d:ofx¿ ljBfyL{x¿nfO{ xn ug{ nufpg'xf];\ .

 ul0ftLo ;d:ofsf s]xL gd'gf k|Zgx¿ lbP/ xn ug{ nufpg'xf];\ .

t/n kbfy{sf] rfk / ulx/fO

 kf7\ok':tssf] lj|mofsnfk 2.2 k|bz{g u/]/ b]vfpg'xf];\ . ;a}eGbf tNnf] Kjfnaf6 kfgL
lsg  a9L hf]8n] cfof], ;f]Wg'xf];\ .

 t/n kbfy{n] lbg] rfk / ulx/fOaLr s:tf] ;DaGw x'G5 egL k|Zg ;f]Wg'xf];\ .

 rf/s'g] / af6'nf] ;txsf] If]qkmn lx;fa ug{ l;sfpg'xf];\ .

If]qkmn = nDafO x rf}8fO

af6'nf] If]qkmn 2= r?  oxf“ 143= .?  / r cw{Jof; x'g\ .

 ljleGg cfsf/sf ef“8fx¿sf] leqL cfotg lx;fa ug{ l;sfpg'xf];\ .

cfotg = nDafO x rf}8fO

l;lnlG8«sn ef“8f]sf] cfotg = If]qkmn x prfO hr ×= 2?

 t/n kbfy{n] lbg] rfk (P)=hdg l;4 u/L b]vfpg'xf];\ .

 t/n kbfy{sf] rfk o;sf] ulx/fO;“u ;dfg'kflts x'G5 egL sf/0f;lxt JofVof ug'{xf];\ .
h:t} M olb d / g l:y/ /flvof] eg] Ps} 7fp“df /flvPsf] Pp6} t/n eP o;n] lbOg] rfk
ulx/fO;“u ;dfg'kflts P ?  H x'G5 . ulx/fO a9L ePsf] 7fp“df rfk a9\5 . ulx/fO sd
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ePsf] 7fp“df rfk klg sd x'G5 . csf]{ zAbdf eGg'kbf{ s'g} laGb'df t/nn] lbg] rfk ;f]
laGb'eGbf dfly /x]sf t/nsf] prfO (h) ;“u ;dfg'kflts x'G5 .

 t/n kbfy{sf] rfk o;sf] 3gTj;“u ;dfg'kflts x'G5 p ? d egL l;sfpg'xf];\, h:t} M olb
h / g l:y/ 5g\ eg]  t/n kbfy{sf] 3gTj a9] rfk klg a9\5 / 3gTj 36] rfk klg
36\5 . ljleGg 3gTj ePsf t/n kbfy{x¿ ;dfg prfO;Dd ef“8f]df /fVbf lk“wdf lbg]
rfk km/s x'G5 .

= t/n kbfy{sf] rfk u'?Tj k|j]ucg';f/ klg km/s x'G5 egL JofVof ug'{xf];\, h:t} M P ? g

olb h / d l:y/ 5g\ eg] s'g} ef“8f]df /flvPsf] t/n kbfy{nfO{ ljleGg 7fp“df nUbf
o;n] lk“wdf lbg] rfk km/s x'G5 .

 t/n kbfy{n] lbg] rfk;DaGwL ul0ftLo ;d:ofx¿ lbP/ ljBfyL{nfO{ xn ug{ nufpg'xf];\ .
ljBfyL{n] g;s]df lzIfsn] u/]/ b]vfpg'xf];\ .

 kf7\ok':tssf] cEof; g+= 11, 12, 13 xn ug{ lbg'xf];\ . cfjZos k/]df lzIfsn] xn u/L
b]vfpg'xf];\ .

kf:snsf] lgod

 An]h kf:snsf] kmf]6f] b]vfP/ pgsf] kl/ro lbg'xf];\ .

 kf:snsf] lgod atfpg'xf];\ / pSt lgodsf] JofVof ug'{xf];\ .

 kf7\ok':tssf] lj|mofsnfk 2.3 u/]/ b]vfpg'xf];\ / ljBfyL{x¿nfO{ lj|mofsnfkaf6 s] l;Sof}
egL k|Zg ;f]Wg'xf];\ .

 lj|mofsnfksf] lgisif{af/] 5nkmn ug{'xf];\ .

 kf7\ok':tssf] lrq 2.5 nfO{ af]8{df ;f/]/ o;sf] d2taf6 kf:snsf] lgod JofVof ug'{xf];\ .

 pSt lrqdf s'g} lk:6gdf rfk k7fp“bf af“sL 7"nf;fgf ;a} lk:6gx¿df rfk a/fa/ x'G5
egL lx;fa u/L b]vfpg'xf];\ .

 rfk a/fa/ x'g] x'“bf 7"nf] lk:6gdf a9L an pTkGg x'G5 / ;fgf] lk:6gdf sd an pTkGg
x'G5 egL ul0ftLo dfWodaf6 b]vfpg'xf];\ .

xfO8«f]lns k|];

 xfO8«f]lns k|];sf] kl/ro lbg'xf];\ . o; oGqn] kf:snsf] lgoddf cfwfl/t eP/ sfo{ ub{5
eGg] s'/f ;Demfpg'xf];\ .

 xfO8«f]lns k|];sf] ;/n lrq -kf7\ok':tssf] lrq g+=2.6) n]v]/ o;sf] agf]6 j0f{g ug'{xf];\ .
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 xfO8«f]lns k|];n] s;/L sfo{ ub{5 eGg]af/] k|Zg u/L 5nkmn ug'{xf];\ .

 xfO8«f]lns k|];sf] b'j} lk:6gdf a/fa/ rfk pTkGg x'g] x'“bf 7"nf] lk:6gdf an k|j4{g x'g]
s'/fsf] JofVof ug'{xf];\ .

 xfO8«f]lns k|];df s;/L tf}n / If]qkmnsf] cg'kft ;fgf]7"nf] lk:6gdf x'g] tf}n / If]qkmn
cg'kft;“u a/fa/ x'G5 b]vfpg'xf];\ .

 jf:tljs xfO8«f]lns k|];sf] lrq -kf7\ok':tssf] lrq g+= 2.7) af]8{df n]v]/ o;df s;/L
lgDglnlvt kmfObfx¿ x'G5g\ egL JofVof ug'{xf];\ M

-s_ xfO8«f]lns k|];n] an k|j4{g ub{5 .

-v_ xfO8«f]lns k]|;n] ansf] lbzf kl/jt{g ub{5 .

 xfO8«f]lns k|];;DaGwL ul0ftLo ;d:ofx¿ lbP/ lgDglnlvt ;"q k|of]u u/L tL ;d:ofx¿
ljBfyL{nfO{ xn ug{ nufpg'xf];\ .

;fgf] lk:6gdf an (F1) 7"nf] lk:6gdf an (F2)

;fgf] lk:6gsf] If]qkmn (A1) 7"nf] lk:6gsf] If]qkmn (A2)

t/n kbfy{ / pWj{rfk (Upthrust)

 kf7\ok':tssf] lj|mofsnfk 2.4 k|bz{g ug'{xf];\ .

 9'ª\uf kfgLdf 8'a]sf] cj:yfdf tf}n sd x'g'sf] sf/0f ljBfyL{x¿;“u ;f]Wg'xf];\ . ljBfyL{af6
;xL pQ/ gcfPdf lzIfsn] atfpg'xf];\ .

 cky|i6sf] kl/ro lbg'xf];\ . cky|i6 gfKg] lgDglnlvt ;"qaf/] JofVof ug'{xf];\ M

pWj{rfk -cky|i6_ =  j:t'sf] tf}n — t/nleq /x“bf j:t'sf] tf}n

 kfgLdf h:t} jfo'd08ndf klg xfjfsf] cky|i6 x'G5 eGg] s'/fsf] JofVof ug'{xf];\ .

 cky|i6;DaGwL ljleGg ul0ftLo ;d:ofx¿ lbP/ ljBfyL{x¿nfO{ xn ug{ lbg'xf];\ .

3gTj / ;fk]lIfs 3gTj

 3gTjsf] kl/efiff, PsfO / ;"q;lxt kl/ro lbg'xf];\ .

 s]xL kbfy{x¿sf] 3gTj atfOlbg'xf];\ .

 3gTj a9L ePsf kbfy{ ux|f} “ / 3gTj sd x'g] kbfy{ xn'sf x'g] s'/f JofVof ul/lbg'xf];\ .

=
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 ;fk]lIfs 3gTjsf] kl/efiff / ;"q;lxt kl/ro lbg'xf];\ .

 ;fk]lIfs 3gTj b'O{ 3gTjsf] cg'kft ePsfn] PsfO gx'g] sf/0f JofVof ug'{xf];\ .

 u|fd k|lt3g;]lG6ld6/ PsfOdf s'g} j:t'sf] 3gTj / ;fk]lIfs 3gTjsf] dfg a/fa/ x'g]
s'/f JofVof ug'{xf];\ .

pWj{rfk / t/nsf] 3gTj

 t/n kbfy{sf] pWj{rfk k|of]usf] k|bz{g u/L kl/ro lbg'xf];\ .

 t/nsf] rfk (P) ?  t/nsf] 3gTj (d) x'G5 egL l;4 u/]/ b]vfpg'xf];\ .

 lj|mofsnfk 2.5 k|bz{g ug'{xf];\ .

 kfgLsf] 3gTj a9]kl5 To;sf] pWj{rfk klg j[l4 ePsf] 5 . o:t} cGo t/n kbfy{sf] klg
3gTjcg';f/ pWj{rfk a9\5 egL atfpg'xf];\ .

cfls{ldl8hsf] l;4fGt

 cfls{ldl8hsf] kmf]6f] k|bz{g u/]/ 5f]6f] kl/ro lbg'xf];\ .

 Pp6f kmnfdsf] lsnf kfgLdf 8'A5 t/ kmnfdn] ag]sf] hxfh g8'Ag'sf] sf/0f ljBfyL{x¿;“u
;f]Wg'xf];\ .

 Pp6f kmnfdsf] lsnf aflN6gsf] kfgLdf /fv]/ 8'a]sf] k|bz{g ug'{xf];\ . To:t} kmnfdsf]
s/fxL jf cGo ef“8f] kfgLdf t}l/Psf] k|bz{g ug'{xf];\ .

 lj|mofsnfksf] lgisif{af/] 5nkmn ug'{xf];\ .

 lgDglnlvt k|Zgx¿ ;f]Wg'xf];\ M

* kmnfdsf] lsnf / ef“8fsf] cfsf/df s] leGgtf 5 <

* kmnfdsf] lsnf / ef“8f]dWo] s'gn] a9L kfgL lj:yflkt ub{5 <

 cfls{ldl8hsf] l;4fGt atfpg'xf];\ / JofVof ug'{xf];\ .

 kf7\ok':tssf] lj|mofsnfk 2.6 k|bz{g ug'{xf];\ / l;4 ug'{xf];\ M pWj{rfk = lj:yflkt
t/nsf] tf}n

Knjgsf] lgod

 kf7\ok':tssf] lj|mofsnfk 2.7 k|bz{g ug'{xf];\ . ljrf/0fLo k|Zgaf/] 5nkmn ug'{xf];\ .
klxn] ljBfyL{nfO{ pQ/ lbg] df}sf lbg'xf];\ .
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 Knjgsf] lgod atfO{ JofVof ug'{xf];\ .

 lj|mofsnfk 2.8 k|bz{g u/L l;4 u/]/ b]vfpg'xf];\ . t/ndf t}l/g] j:t'sf] tf}n = lj:yflkt
t/nsf] tf}n

 kf7\ok':tssf] ljrf/0fLo k|Zgx¿af/] 5nkmn ug'{xf];\ .

xfO8«f]ld6/

 xfO8«f]ld6/ k|bz{g u/L o;sf] sfo{ / k|of]u j0f{g ug'{xf];\ .

 t/n kbfy{sf] eGbf sd 3gTj ePsf] j:t' o;df t}l/g'sf] sf/0f ljBfyL{;“u ;f]Wg'xf];\ .

 t/nsf] eGbf a9L 3gTj ePsf j:t' t/n kbfy{df t}l/g] cj:yf JofVof ug'{xf];\ .

 xfO8«f]ld6/sf] pkof]lutf j0f{g ug'{xf];\ .

-ª_ d"Nofª\sg

!= cfls{ldl8hsf] l;4fGt n]Vg'xf];\ . tftf] xfjf el/Psf] a]n'g s;/L cfsfzdf dfly
p8\5 <

@= lk:6gsf] a, b / c sf] If]qkmn j|mdzM 10 ;]ld, 8 ;]ld / 6 ;]ld 5g\ . lk:6g 'a' df 10

Go'6gsf] an nufp“bf lk:6g b / c df sltslt an pTkGg x'G5 < kf:snsf] lgod eg]sf]
s] xf] n]Vg'xf];\ .

#= t/n kbfy{n] lbg] rfknfO{ s'gs'g tŒjx¿n] c;/ ub{5g\ < sf/0f v'nfO{ JofVof
ug'{xf];\ .

$= t/n kbfy{n] lbg] pWj{rfk -cky|i6nfO{_ s'gs'g tŒjx¿n] c;/ ub{5g\ < JofVof
ug'{xf];\ .

%= kfgLdf cf+lzs 8'a]sf] j:t' xn'sf x'g'sf] sf/0f s] xf] <

^= Pp6f O“6fsf] lk08 2 lsnf]u|fd 5 / o;sf] nDafO 20 ;]ld / rf}8fO 10 ;]ld 5g\ eg] O“6f
/flvPsf] 7fp“df slt rfk lbG5 <

&= kfgLeGbf a9L 3gTj ePsf] j:t' s'g cj:yfdf kfgLdf t}l/G5 < cflb k|Zgsf] dfWodaf6
d"Nofª\sg ug'{xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

j:t'sf] ;fk]lIfs 3gTj =
j:t'sf] 3gTj

$) C tfkj|md /x]sf] kfgLsf] 3gTj
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an, If]qkmn / rfk

s'g} ;txdf an nfu]kl5 ;f] ;txdf cf3ft k5{ . pSt ;tx g/d eP an nfu]sf] efu blaG5
jf wl;G5 jf 6'6\g] km'6\g] klg x'g ;S5 . an nfu]sf] If]qkmn sd ePsf] v08df ansf] c;/
a9L k/]sf] b]lvG5 . an nfu]sf] If]qkmn a9L ePdf ansf] c;/ sd k5{ .

lj|mofsnfk @=! k|of]u ‘s’ df eGbf ‘v’ df an nfUg] If]qkmn sd ePsfn] ansf] c;/ a9L
k¥of] To;}n] kmf]d a9L blaof] . ‘s’ / ‘v’ b'j}df ansf] kl/df0f -O“6f tf}n_ a/fa/ 5 t/ If]qkmn
dfq km/s 5 . ansf] c;/ g} rfk xf] . To;}n] ‘s’ df eGbf ‘v’ df rfk a9\of] . km]l/ If]qkmn
;dfg /fv]/ ansf] kl/df0f a9fpg] xf] eg] ansf] c;/ -rfk_ klg a9\5 . To;}n] k|of]u ‘u’
df b'O{cf]6f O“6f /flvPsf] x'“bf an a9\g uO{ rfk klg a9\of] .

kf:snsf] lgod

kf7\ok':tssf] lrq @=^ df lbOPcg';f/sf] xfO8«f]lns k|]; lg/Gt/ rnfP/ nf]8nfO{ dfly
p7fpg ;lsG5 . o;k|sf/sf ;/n oGqdf an w]/} u'0ff k|j4{g ug{ ;lsg] x'“bf w]/} ansf]
cfjZostf kg]{ uf8Lx¿, Kn]g cflbsf] a|]s o;}åf/f ;~rflnt x'G5 . t/n kbfy{ af]Sg] kfOk
-gnL_ hlt afª\uf] u/] klg  rfk k|;f/0f x'gdf s'g} c;/ gkg]{ ePsfn] klg xfO8«f]lns a|]ssf]
pkof]lutf a9]sf] xf] . xfO8«f]lns a|]sdf t/n af]Sg] kfOk km]6]df jf sxL“ st} lns ePdf o;n]
sfo{ ub}{g a|]s km]n x'G5 .

t/n kbfy{ / pmWj{ rfk

pmWj{ rfk klg Ps k|sf/sf] an g} xf] . t/n kbfy{n] s'g} ;txdf nufpg] annfO{ y|:6 (Thrust)

elgG5 . s'g} j:t'nfO{ t/ndf /fVbf To;sf] dflyNnf] ;txdf kg]{ y|:6 / tNnf] ;txdf kg]{
y|:6sf] kl/df0fdf cGt/ x'G5 . kfgLsf] rfk ulx/fOcg';f/ a9\g] x'“bf y|:6 klg ulx/fOcg';f/
a9\5 . tNnf] ;txdf y|:6 a9L k5{ / pSt y|:6sf] lbzfdflylt/ nfu]sf] x'G5 . dflyNnf] ;txdf
kg]{ y|:6 sd x'G5 . oL b'j} ljk/Lt lbzfdf nfUg] ePsfn] / tNnf] ;txdf kg]{ y|:6 a9L x'g]
ePsfn] kl/0ffdfTds y|:6 jf cky|:6 pTkGg x'G5 .

cfls{ldl8hsf] l;4FGt

of] l;4fGt t/n kbfy{df h:t} Uof; kbfy{df klg nfu" x'G5 . xfdLn] tftf] xfjfsf] a]n'gdf r9]/
dxf;fu/ kf/ u/]sf], ;u/dfyf kf/ u/]sf] / sf7df8f}“ pkTosf kl/j|mdf u/]sf] ;'g]sf] jf b]v]sf
5f}“ . a]n'g cToGt alnof] / jf6/ k|'km (water proof) / cfuf]n] gaNg] (fire proof) sk8faf6
agfOG5 . a]n'g cToGt 7"nf] x'G5 . Uof; afn]/ To;leqsf] xfjf ttfOG5 . tftf] xfjf xn'sf
x'G5 . pSt a]n'g w]/} 7"nf] ePsfn] o;n] lj:yflkt ug]{ xfjfsf] tf}n;“u a]n'g, cGo ;fdu|L /
To;df r9\g] ofq'x¿ ;d]tsf] hDdf tf}neGbf a9L x'G5 . o;}n] a]n'gdfly cfsfzlt/ p8\5 .
tn emg'{k/]df a]n'gnfO{ ;'sfP/ ;fgf] kfl/G5 .
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aKnjgsf] lgod

hxfhsf] 3gTj kfgLsf] eGbf w]/} a9L eP tfklg kfgLdf w]/} nf]8;lxt t}l/g'sf] sf/0f hxfhnfO{
lbOPsf] ;d'lrt cfsf/ g} xf] . hxfh vfnL cj:yfdf o;sf] s]xL efu dfq kfgLleq /xG5 .
nf]8 yKb} uPkl5 hxfhsf] a9LeGbf a9L efu kfgLleq 8'A5 . o;n] ubf{ lj:yflkt kfgLsf] tf}n
nf]8cg';f/ a9\b} hfG5 . hxfh t}l//x]sf] tf}neGbf lj:yflkt kfgLsf] tf}n sd ePdf hxfh
8'A5 . To;sf/0f hxfhsf] nf]8 af]Sg ;Sg] Ifdtf lgwf{/0f u/L ;ª\s]t :j¿k /flvPsf]
x'G5 . hxfh aflx/ kfgLsf] ;tx ;f] ;ª\s]teGbf dfly cfpg] u/L nf]8 /fVg'x'“b}g .

j:t'sf] 3gTj / Knjg

a/km kfgLdf pqG5 lsgeg] a/kmsf] 3gTj )=(@ u|fd k|lt 3g;]ld 5 eg] kfgLsf] 3gTj !
u|fd k|lt 3g;]ld 5 . To;}n] j/km kfgLdf t}l/G5 . kmnfdsf] 3gTjeGbf kf/f]sf] 3gTj a9L
x'G5 / kf/f] t/n ePsfn] o;df kmnfd t}l/G5 . d6\l6t]ndf ss{ t}l/G5 . kfgLdf sf7
t}l/G5 . kf/f]df kmnfd, l;;f h:tf wft' klg t}l/G5g\ .
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PsfO # pmhf{ (Energy)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= pmhf{sf] kl/efiff lbO{ o;sf ;|f]t / pkof]lutfsf] j0f{g ug{ .

@= kf/df0fljs k|ltlj|mofx¿nfO{ ;f}o{ pmhf{sf] ;|f]tsf] ¿kdf j0f{g ug{ .

#= pmhf{ ;ª\s6sf ;d:ofx¿ / ;+/If0fsf pkfox¿ klxrfg u/L j}slNks pmhf{sf ;|f]tx¿ j0f{g
ug{ .

-v_ kl/ro

pmhf{sf] kl/efiff lbg / ljleGg k|sf/sf pmhf{ ;|f]tx¿sf] j0f{g ug{ ljBfyL{x¿nfO{ ;Ifd
agfpg'kg]{ 5 . pmhf{ ;ª\s6sf] kl/ro lbg, sf/0f JofVof ug{ / ;dfwfgsf pkfox¿ j0f{g ug{
ljBfyL{x¿ ;Ifd x'g'kg]{ 5 . j}slNks pmhf{sf ;|f]tx¿ atfpg / :yfgLo ;Gbe{df pmhf{ ;ª\s6
Go"g ug]{ pkfox¿ atfpg ;dy{ x'g] 5g\ .

-u_ lzIf0f ;fdu|L

 ;"o{, k[YjL, j[x:klt cflbsf] lrq, hnljB't\ u[xsf] lrq jf tl:a/, sf]Onf, k]6«f]n, l8h]n,
d6\l6t]n cflbsf] gd'gf, sfuhsf] ;fgf] kª\vf .

-3_ lzIf0f l;sfO lj|mofsnfk

zlStsf] ;|f]t

 s]s] sfdsf nflu zlSt cfjZos kb{5 egL k|Zg ;f]Wg'xf];\ .

 zlStsf k|fs[lts ;|f]tx¿ s]s] x'g\ < ljBfyL{;“u ;f]w]/ af]8{df gf]6 ug'{xf];\ . cfjZos
k/]df cfk}“m klg yKg'xf];\ .

 zlStsf ;|f]tx¿ b'O{ ;d"xdf af“8\g'xf];\ M gjLs/0fLo / cgjLs/0fLo .

 gjLs/0fLo / cgljs/0fLo zlStsf ;|f]tx¿sf] kl/efiff atfpg nufpg'xf];\ .

;"o{ M zlStsf] d"n ;|f]t

 ;"o{sf] lrq af]8{df n]v]/ o;sf] agf]6af/] atfpg'xf];\ .
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 ;"o{sf] Jof;, lk08, k[YjLaf6 b'/L cflb af]8{df n]lvlbg'xf];\ / of] cGo u|xx¿sf] t'ngfdf
w]/} ljzfn 5 eGg] s'/f atfpg'xf];\ .

 ;"o{sf] ;txsf] tfkj|md, s]Gb|sf] tfkj|md, ;"o{n] 5f]8\g] zlSt / k[YjLdf k|fKt x'g] k|ltju{ld6/
zlSt af]8{df n]Vg'xf];\ .

 Ço'hg k|ltlj|mof / Go'lSno/ pmhf{af/] ;fdfGo kl/ro lbg'xf];\, -cg';"q ulx/fOdf hfg' kb}{g_ .

 ;"o{df Ço'hg k|ltlj|mof x'gsf nflu cfjZos cj:yfx¿ s]s] 5g\, atfpg'xf];\ .

 ‘hnljB't\, h}ljs pmhf{, hLjfjz]if pmhf{, jfo' pmhf{ cflb ;a} ;f}o{ zlSts} pkh x'g\’ eGg]
syg af]8{df n]Vg'xf];\ / ljBfyL{x¿nfO{ k'li6 ug{ nufO{ cGTodf :ki6 kfg'{xf];\ .

hLjfjz]if pmhf{

 hLjfjz]if pmhf{sf af/]df ljBfyL{x¿nfO{ yfxf ePsf] s'/f eGg nufpg'xf];\ .

 hLjfjz]if pmhf{ / h}ljs pmhf{df leGgtfaf/] 5nkmn ug''{xf];\ .

 sf]Onf, k]6«f]n, l8h]n d6\l6t]n cflbsf] gd'gf k|bz{g ug'{xf];\ .

 sf]Onf / vlgh t]nsf] kl/ro, oL pmhf{ aGg] k|lj|mof / oL pmhf{sf] dxŒjaf/] JofVof ug'{xf];\ .

hnljB't\ u[x

 hnljB't\ u|xsf] kmf]6f] k|bz{g u/L hnljB't\ s;/L pTkfbg ul/G5 eGg] af/]df ljBfyL{;“u
k|Zgf]Q/ ug'{xf];\ .

 s]s] sfo{sf nflu hnljB't\ cTofjZos k5{ ;f]w]/ af]8{df gf]6 ug'{xf];\ .

 g]kfnnfO{ hnljB't\sf] bf];|f] wgL b]z dflgg'sf sf/0f 5nkmn ug'{xf];\ .

 hnljB't\ lsg gjLs/0fLo / k|b"if0f/lxt 5 < JofVof ug'{xf];\ .

 hnljB't\sf] pkof]lutfaf/] ljBfyL{x¿nfO{ k|Zg u/L ;"rL agfpg nufpg'xf];\ .

pmhf{sf j}slNks ;|f]tx¿

 j}slNks pmhf{ s'gs'g x'g\ < ;f]w]/ af]8{df n]Vg'xf];\ / ltgLx¿nfO{ j}slNks pmhf{ lsg
elgPsf] eGg]af/] 5nkmn ug'{xf];\ .

 j}slNks pmhf{sf] ;|f]tsf] kl/efiff eGg nufpg'xf];\ .

h}ljs pmhf{

 h}ljs pmhf{ eg]sf] s] xf] < o;nfO{ lsg j}slNks elgG5 / o;nfO{ lsg gjLs/0fLo pmhf{
;|f]t elgG5 cflb k|Zgx¿af/] 5nkmn ug'{xf];\ .
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Go'lSno/ pmhf{

 Go'lSno/ pmhf{sf] kl/rosf ;fy} Ço'hg / lkm;g k|ltlj|mofdf ;fdfGo leGgtf atfpg'xf];\ .

 Go'lSno/ pmhf{sf kmfObf / a]kmfObfaf/] 5nkmn ug'{xf];\ .

Hjf/ef6f pmhf{

 Hjf/ef6f / ;d'b|L 5fnaf6 s;/L ljB't\ pTkfbg ul/G5 j0f{g ug'{xf];\ .

jfo' pmhf{

 xfjfn] kª\vf s;/L 3'dfp“5 < sfuhsf] ;fgf] kª\vf agfO{ k|bz{g ug'{xf];\ . o;n] 8fOgfdf]
3'dfpg ;S5÷;Sb}g ;f]Wg'xf];\ .

 jfo' pmhf{ eg]sf] s] xf] < of] s;/L k|of]u ul/G5 < 5nkmn ug'{xf];\ .

lhof]yd{n pmhf{

 lhof]yd{n pmhf{sf] kl/ro lbg'xf];\ .

 s:tf] 7fp“df lhof]yd{n pmhf{ k|fKt x'G5 < atfpg'xf];\ .

 lhof]yd{n pmhf{ s;/L k|of]u ul/G5 < 5nkmn ug'{xf];\ .

pmhf{ pkof]usf] jt{dfg l:ylt

 ljZjdf jt{dfg cj:yfdf s'gs'g k|sf/sf zlStx¿ a9L dfqfdf k|of]u ul/G5 < af]8{df
n]Vg'xf];\ .

 pmhf{ k|of]usf] jt{dfg l:ylt atfpg'xf];\ .

pmhf{sf] ;ª\s6

 pmhf{ ;ª\s6sf af/]df ljBfyL{x¿nfO{ cfÇgf] egfO k|:t't ug{ nufpg'xf];\ .

 5nkmnsf cfwf/df pmhf{ ;ª\s6sf] kl/efiff eGg nufpg'xf];\ . pmhf{ ;ª\s6sf] sf/0f
ljBfyL{;“u ;f]w]/ af]8{df gf]6 ug'{xf];\ .

 pmhf{ ;ª\s6sf k|d'v sf/0fx¿ j0f{g ug'{xf];\ .

 pmhf{ ;ª\s6 Go"g ug]{ pkfox¿ s]s] x'g ;S5g\ < ljBfyL{x¿nfO{ eGg nufpg'xf];\ .

-ª_ d"Nofª\sg

!= ;"o{sf] ;tx / s]Gb|Lo efudf tfkj|md nueu sltslt x'G5 <

@= ;f}o{ zlStnfO{ zlStsf] d"n ;|f]t lsg dflgG5 <
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#= Go'lSno/ Ço'hg eg]sf] s] xf] < o;sf nflu cfjZos cj:yfx¿ s]s] x'g\ <

$= hLjfjz]if pmhf{ eg]sf] s] xf] < of] pmhf{ cgjLs/0fLo egL yfxf kfp“bfkfp“b} lsg o;sf]
Jofks k|of]u ul/G5 <

%= g]kfnsf] ;Gbe{ k|d'v j}slNks pmhf{ ;|f]t s'g xf] < sf/0f;lxt n]Vg'xf];\ .

^= hnljB't\sf] d'Vo b'O{cf]6f pkof]lutfx¿ atfpg'xf];\ .

&= j}slNks pmhf{ ;|f]t eg]sf] s] xf] < s'g} b'O{cf]6f pbfx/0f lbg'xf];\ .

*= pmhf{ ;ª\s6 eg]sf] s] xf] < o;nfO{ Go"g ug]{ b'O{cf]6f pkfox¿ s]s] x'g\ <

-r_ lzIfsnfO{ yk hfgsf/L

sf]Onf

k[YjLsf] Oltxf;df s}of}“ ef}ule{s sfndf sf]Onf aGg] k|lj|mof ePsf] lyof] . w]/}h;f] sf]Onf
k]gl;Neflgog sfndf ag]sf lyP . o;f] eGgfn] #% nfvb]lv @% s/f]8 jif{ cufl8sf] ;do
xf] . s}of}“ lsnf]ld6/;Dd km}lnPsf sf]Onfsf txx¿ hldgd'lg e]l6G5g\ . l;d jf bnbnn]
hldgdf ePsf cg]s la?jf, ¿vx¿ ljz]if u/L cUnf hfltsf plgp“x¿ ufl8Pkl5 df6f]
afn'jfn] 5f]lk“bf s'lxgaf6 aR5 . JofS6]l/ofx¿n] tL la?jfdf ePsf kfgL / s]xL efu
Uof;df kl/0ft u/L aflx/ lg:sG5 . af“sL /x]sf sfa{g hDdf x'“b} hfG5 . k|To]s jif{ hDdf
ePsf oL sfa{gsf txx¿ afSnf] x'“b} ef}ule{s kl/jt{g x'“bf k'l/g hfG5 . tL tx dfly kg]{
r6\6fgsf] rfkn] kfgL hlt lglv|P/ sfa{g dfq} af“sL /xg uof] / w]/} ;dokl5 s8f eO{
sf]Onfdf kl/0ft x'G5 .

vlgh t]n

vlgh t]n aGg] k|lj|mof sf]Onf aGg]] k|lj|mofeGbf cln leGg 5 . w]/}h;f] vlgh t]n s/f]8f}“ jif{ klxn]
ag]sf x'g\ . ;d'b|df ePsf hLjx¿ d/]kl5 ;d'b|sf] lk“wdf hDdf x'g uof] / l56} g} lxnf] / afn'jfn]
To;nfO{ k'l/lb“bf s'lxg kfPgg\ . ;fy} c¿ k|f0fL / cS;Ls/0f x'gaf6 hf]luP . k[YjLleqsf] tfk
cg's"n dfqfdf pknAw x'“bf Ps k|sf/sf] JofS6]l/ofn] tL ‰ofpnfO{ vlgh t]n / Uof;df kl/0ft
ul/lbP . o; sfo{sf nflu tfkj|md ̂ ) b]lv !^) l8u|L ;]lG6u|]8 aLrdf x'g'k5{ . cGoyf vlgh t]n
aGg] k|lj|mof x'“b}g . o;/L ag]sf vlgh t]n l5b|o'St r6\6fgdf hDdf eO/xG5g\ . t]n / Uof;
hDdf ug]{ oL r6\6fgnfO{ l/hEjf{o/ r6\6fg elgG5 . o:tf r6\6fgsf] d'lg / dflyaf6 l5b| gePsf
r6\6fg h:t} ;]n (shale) ePsf] x'g'k5{ . cGoyf tL alg;s]sf] t]n / Uof; km'lTsG5 jf x/fP/
hfG5 . o;/L l/hEjf{o/ r6\6fgnfO{ ;]nn] 5f]lkP/ /x]sfn] t]n vfgLx¿ ;'/lIft eP . oL vlgh
t]nx¿ sRrf t]n (crude oil) sf] ¿kdf vfgLaf6 k|fKt x'G5 . o;nfO{ k|mfS;gn l8l:6n];g u/L
k]6«f]n, d6\l6t]n, l8h]n cflb k|fKt x'G5 . o;af6 lg:sg] s]xL /f;folgs kbfy{x¿af6 ljleGg
cf}ifwL, Knfl:6s, s[lqd /];f, /ª/f]ug, k/Ço'd cflb agfpg pkof]u ul/G5 .
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PsfO $ tfk (Heat)

cg'dflgt 3G6L M ^

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= tfk / tfkj|mdaLr leGgtf 5'6\ofpg .

@= ljlzi6 tfkwf/0f zlStsf] JofVof ug{ / tfk cfbfg k|bfgsf] ;dLs/0f lgsfNg .

#= tfksf] gfksf PsfOx¿ JoSt ug{ .

$= tfk;DaGwL ;/n ;d:ofx¿ xn ug{ .

-v_ kl/ro

o; PsfOcGtu{tsf kf7n] ljBfyL{x¿df tfk / tfkj|mdsf] kl/efiff lbg, tfk / tfkj|mdsf PsfOx¿
JoSt ug{, tfk / tfkj|mdaLrsf] leGgtf pko'St lj|mofsnfkåf/f k|:6 kfg]{ ;Ifdtfsf] ljsf;
x'g] 5 . ;fy} k|:t't kf7n] ljlzi6 tfkwf/0f zlStsf] JofVof ug{ / tfk cfbfgk|bfgsf]
;dLs/0f lgsfNg, tfkwf/0f zlStsf] SI k|0ffnLdf PsfO JoSt ug{ tyf tfk;DaGwL ;fwf/0f
ul0ftLo ;d:ofx¿ xn ug{ ;Sg] Ifdtfsf] ljsf;df hf]8 lbOPsf] 5 .

-u_ z}lIfs ;fdu|L

kfgLsf] clgoldt k|;f/sf] rf6{, ydf]{ld6/, ljs/, kfgL, ag{/, vfg] t]n, :6\ofG8,
;nfO{sf] sf“6L, a/km, lasf]{;lxtsf] af]tn, ljleGg PsfO cª\lst ydf]{ld6/ .

-3_ lzIf0f l;sfO lj|mofsnfk

 tfk / tfkj|md;DaGwL ljBfyL{x¿sf] a'emfO yfxf kfpg warming up sf lj|mofsnfk
ug'{xf];\ .

 cf0fljs rfnsf cfwf/df tfk / tfkj|mddf km/s :ki6 x'g] u/L 5nkmn ug'{xf];\ .

 Pp6f aln/x]sf] ;nfO{sf] sf“6L / Pp6f ljs/df ttfPsf] kfgLaLrsf] ;DaGw 5nkmn
u/L tfksf] kl/df0f, kbfy{df /x]sf c0f'x¿sf] ;ª\Vof / c0f'x¿sf] cf};t ult zlStdf lge{/
ub{5 eGg] s'/f lgisif{df k'Ug'xf];\ .

 ! h'n eg]sf] s] xf] < ! Sofnf]/L eg]sf] s] xf] < h'n / Sofnf]/Ldf s] ;DaGw 5 <
cflbaf/] 5nkmn u/L ! h'nsf] kl/efiff tyf ! Sofnf]/Lsf] kl/efiff :ki6 ug'{sf ;fy} h'n
/ Sofnf]/LaLrsf] ;DaGw atfpg'xf];\ .
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 tfkn] j:t'df s]s] c;/x¿ ub{5 < ljBfyL{x¿nfO{ kfn}kfnf] k|Zg ug]{, ljBfyL{x¿af6 cfPsf]
pQ/df 5nkmn u/L pko'St ljleGg pbfx/0fx¿ lbO{ tfksf c;/x¿ atfpg'xf];\ .

 kbfy{sf tLg cf]6f cj:yfx¿df kfgLsf] clgoldt k|;f/ x'G5 egL rf6{ k|bz{g u/L :ki6
ug'{xf];\ .

 tfkj|mdaf/] :ki6 kfg'{sf ;fy} kf7\ok':tssf] lj|mofsnfk 4.1 k|bz{g ug]{ / ljBfyL{x¿nfO{
kfn}kfnf] cjnf]sg u/fO;s]kl5 5nkmn u/fO{ a/fa/ dfqfdf tfk lb“bf sd lk08 ePsf]
j:t'sf] tfkj|md a9L / w]/} lk08 ePsf] j:t'sf tfkj|md sd x'G5 egL lgisif{df
k'Ug'xf];\ .

 ljBfyL{x¿nfO{ ljleGg PsfO cª\lst ydf]{ld6/x¿ k|bz{g / cjnf]sg u/fO{ tfkj|mdsf]
gfk / ydf] {ld6/df k|of]u ul/Psf t/n kbfy{ hDg] ljGb' tyf pDng] ljGb'af/] k|of]u k|bz{gaf6
l;sfpg'xf];\ .

 tfk / tfkj|mdaLrsf] leGgtfaf/] :ki6 kfg'{xf];\ .

 kf7\ok':tssf] lj|mofsnfk 4.2 k|bz{g, cjnf]sg / 5nkmn u/L ljleGg j:t'sf] tfkwf/0f
Ifdtfsf] kl/efiff atfpg'xf];\ .

 leGbfleGb} tfkj|md ePsf b'O{cf]6f j:t'x¿ Ps cfk;df ;“u} /fVbf s] x'G5 < 5nkmn
ug'{xf];\ . a9L tfkj|md ePsf] j:t'n] tfk zlSt u'dfp“bf / sd tfkj|md ePsf] j:t'n] tfk
zlSt u|x0f ub{5 egL :ki6 kfg'{xf];\ . j:t'n] u|x0f u/]sf] jf u'dfPsf] tfk zlStsf]
kl/df0f To; j:t'sf] lk08 (m), ljlzi6 tfkwf/0f Ifdtf (s) / j:t'df x'g] tfkj|mddf
kl/jt{gsf] u'0fgkmn;“u a/fa/ x'G5 egL atfpg'xf];\ .

dtsmQ ××=

 tfk;DaGwL ;fwf/0f ul0ftLo ;d:ofx¿ dflysf] ;"qsf cfwf/df xn ug{ nufpg'xf];\ .

-ª_ d"Nofª\sg

!= kf7\ok':tsdf lbOPsf] k|Zg g+= !, @, #, $ / % sf] hjfkm ljBfyL{x¿nfO{ lbg nufpg] .

@= tfk zlSt eg]sf] s] xf] < tfksf] kl/df0f s'gs'g s'/fdf lge{/ ub{5g\ <

#= tfk s:tf] k|sf/sf] zlSt xf] < SI k|0ffnLdf tfk zlStsf] PsfO s'g xf] <

$= tfksf c;/x¿ s]s] x'g\ <

%= w]/} lr;f] d'n'sdf kf]v/Lsf] ;txsf] kfgL a/km eP/ hd] klg To;leqsf df5fx¿
af“lr/xG5, lsg <
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^= lrqdf b]vfOPsf] u|fkmdf kfgLsf] 3gTj / tfkj|md;“u ;DaGw b]vfOPsf] 5 . lrqsf]
cWoog u/L lgDglnlvt k|Zgx¿sf] pQ/ n]v M

(i) kfgLsf] 3gTj ;a}eGbf a9L s'g
tfkj|mddf 5 <

(ii) kfgLsf] cfotg ;a}eGbf sd s'g
tfkj|mddf 5 <

(iii) kfgLnfO{ 4°c tfkj|mdeGbf dfly ttfP jf
Tof]eGbf tn lr:ofP s] xf]nf <

&= hf8f] ;dodf Pp6} sf]7fleq /flvPsf sf7sf d]r / kmnfdsf] d]rdWo] kmnfdsf] d]rdf
a:bf a9L lr;f] cg'ej x'G5, lsg <

*= hf8f] ofdsf] 7G8L /ftdf k|foM kfgLsf kfOkx¿ km'6\g ;S5g\, lsg <

(= kmnfdsf] ljlzi6 tfkwf/0f Ifdtf 460J/kg° c eGg'sf] cy{ s] xf] <

!)= ;]sfpg] sfddf tftf] kfgL g} k|of]u ul/G5, lsg <

!!= tftf] kfgLn] eGbf t]nn] a9L kf]N5, lsg <

!@= kfgL / d6\l6t]nsf] ljlzi6 tfkwf/0f Ifdtf j|mdzM 4200J/Kg°c / 2200J/Kg°c 5g\ . oL
b'j} kbfy{sf] ;dfg lk08nfO{ 30sec ;Dd ;dfg tfk lb“bf s'g rflx“sf] tfkj|md a9L x'G5,
lsg <

!#= kf7\oj|mdsf] cEof;df lbOPsf ul0ftLo ;d:ofx¿ ^, &, * / ( xn u/fpg] .

!$= Pp6f k|];/s's/sf] lk08 1.5Kg / tfkj|md 30°c 5 . olb k|];/s's/ ag]sf] ldl>t wft'sf]
ljlzi6 tfkwf/0f Ifdtf 1000J/kg°c 5 eg] 7.5 x 104J tfk lbOof] eg] pSt k|];/s's/sf]
tfkj|md slt xf]nf <

!%= rf/}lt/ ;d'b|n] 3]l/Psf] 6fk'df jif}{el/sf] tfkj|mddf Toltsf] cGt/ cfp“b}g, lsg <

-r_ lzIfsnfO{ yk hfgsf/L

 kbfy{x¿ clt ;"Id c0f'x¿ ldnL ag]sf x'G5g\ . tfkn] c0f'x¿df sfOg]l6s zlSt (Kinetic

energy) pTkGg u/fp“5 . sfOg]l6s zlSt tfk zlStdf lge{/ ub{5 . c0f'x¿sf] sfOg]l6s
zlSt a9L ePsf] kbfy{sf] tfk klg a9L x'G5 .

 kbfy{sf] tfkj|md kbfy{df /x]sf c0f'x¿sf] sfOg]l6s zlStdf lge{/ ub{5 . kbfy{sf c0f'x¿sf]
sfOg]l6s zlSt a9L 5 eg] tfkj|md a9L x'G5 . sfOg]l6s sd 5 eg] tfkj|md klg sd
x'G5 .

1 2 3 4 5 6

3gTj

tfkj|md
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 ljleGg j:t'x¿df x'g] tfkj|mdsf] leGgtf xfd|f] z/L/sf] 5fnfn] xfjfåf/f dfq ug{ ;S5 .
5fnfleq ;tx glhs tfk ;+j]bs :gfo'x¿ (heat sensor) x'G5g\ . s'g} j:t' 5'“bf jf j:t'
glhs kbf{ j:t'af6 xfd|f] 5fnfdf tfk ;5{ / tL :gfo'x¿n] t'?Gt} rfn kfp“5g\ .

 tfkj|md gfKg k|of]u ul/g] ydf]{ld6/df cNsf]xn jf kf/f] t/n kbfy{sf] ¿kdf k|of]u
ul/Psf] x'G5 . tfkj|md ;]lN;o; jf km/]gxfO6 jf s]lNeg PsfOdf gfKg ;lsG5 .
tfkj|mdsf] PsfO kl/jt{g lgDglnlvt ;"qaf6 ug{ ;lsG5 M

100
273–K

180
32–F

100
O–C ??

 tfkn] j:t'sf] k|;f/ x'G5 eg] lr;f] ubf{ j:t' v'DrG5 .

 a9L tfkj|md ePsf] j:t'af6 sd tfkj|md ePsf] j:t'df tfk ;5{ . z/L/sf] tfkj|mdeGbf
sf]7fleqsf] xfjfsf] tfkj|md sd x'gfn] z/L/af6 tfk sf]7fsf] xfjfdf ;5{ . hf8f] ofddf
cf]5\ofgleq tftf] / aflx/ lr;f] x'G5 .

 kfgLsf] ljlzi6 tfkwf/0f Ifdtf ;a}eGbf a9L 4200J/Kg°c ePsfn] tfk zlSt ;l~rt
u/]/ /fVg ;S5 .

 ljlzi6 tfkwf/0f Ifdtf a9L ePsf] j:t' la:tf/} tfltg] / ;]nfpg] ub{5 t/ ljlzi6 tfk
wf/0f Ifdtf sd ePsf] j:t' l56\6} tfltg] / ;]nfpg] ub{5 .

 zlStsf] ¿kfGt/cg';f/ j:t'n] u'dfPsf] tfk zlStsf] kl/df0f j:t'n] u|x0f u/]sf] tfk
zlStsf] kl/df0f;“u a/fa/ x'G5 .
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PsfO % k|sfz (Light)

cg'dflgt 3G6L M *

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= n]G;af6 k|sfz hfg] lj|mof k|bz{g ug{ / lrqx¿ n]Vg .

@= b}lgs hLjgdf n]G;sf] -Sofd/f, xft]n]G;, b"/bz{s oGq, ;"Idbz{s oGq_ k|of]uaf/] j0f{g ug{ .

#= b[li6bf]if j0f{g u/L ;'wf/sf pkfox¿ atfpg .

-v_ kl/ro

o; PsfOcGtu{tsf] kf7n] ljBfyL{x¿df ljleGg pks/0fx¿ -Sofd/f, ;"Idbz{s oGq, b"/bz{s
oGq cflb_ nufot xfd|f] cf“vfdf klg n]G; x'G5 eGg] atfpg'sf ;fy} ljleGg k|sf/sf n]G;x¿sf]
kl/ro lbg vf]h]sf] 5 . k|:t't kf7n] n]G;af6 x'g] cfjt{g lj|mof, n]G;;DaGwL zAbfjnL, n]G;af6
b]lvg] j:t'sf] cfs[lt, n]G;sf] ;fdYo{ / lj:t[lt;DaGwL ul0ftLo ;d:of xn ug]{ cflb ljifox¿nfO{
;d]6\g] k|of; ul/Psf] 5 . o;df s]xL clK6sn pks/0fx¿ -Sofd/f, ;"Idbz{s oGq, b"/bz{s
oGq_ sf] agfj6 / k|of]uaf/] ls/0f /]vf lrqåf/f k|:6 kfg'{sf ;fy} dfgj cf“vfsf] agfj6 /
cf“vfsf] x]g]{ zlStdf sdhf]/Laf/] ljBfyL{x¿nfO{ hfgsf/L lbg] k|of; ul/Psf] 5 .

-u_ z}lIfs ;fdu|L

ljleGg k|sf/sf n]G; -sGe]S; n]G;, sGs]e n]G;_ clK6sn a]Gr, :6fG8, d}gaQL, :6\ofG8;lxtsf]
kbf{, cf“vfsf] gd'gf, b"/b[li6 / cb"/b[li6sf rf6{x¿, xft]n]G;, Sofd/f, sfnf] sf8{af]8{ k]k/,;]nf]6]k,
s}“rL, ;"Idbz{s oGq, /fpG8a6d Çnf;s .

-3_ lzIf0f l;sfO lj|mofsnfk

 ljBfyL{x¿n] n]G; ;DaGwdf hfgsf/L yfxf kfpg pgLx¿n] k|of]u ub}{ cfPsf jf k|of]u
ubf{ b]v]sf ljleGg n]G; k|of]u ul/Psf ;fdu|Lx¿sf] ;"rL tof/ u/L ltgLx¿sf] lrq /
pkof]u s]df 5 atfpg nufpg'xf];\ .

 ljleGg k|sf/sf n]G;x¿ k|bz{g u/L sGe]S; n]G; / sGs]e n]G;sf] kl/ro lbg'sf ;fy}
sGe]S; n]G;n] k|sfznfO{ s]lGb|t ug]{ / sGs]e n]G;n] k|sfznfO{ ljs]lGb|t u5{ eGg]
s'/f k|of]uåf/f k|:6 kfg'{xf];\ .

 rf6{ k|bz{g u/L n]G;;DaGwL s]xL zAbfjnLx¿ atfpg'xf];\ .
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 kf7\ok':tssf] lj|mofsnfk %=! u/L sGe]S; n]G;sf] s]Gb|Ls/0f b'/L kQf nufpg]
tl/sfaf/] atfpg nufpg'xf];\ .

 j:t'nfO{ sGe]S; n]G;af6 2f eGbf 6f9f, 2f df, 2f / f sf] aLrdf /fVbf, f / n]G;sf] aLrdf
/fVbf sGe]S; n]G;n] agfpg] ljleGg cfs[ltx¿sf] ls/0f /]vflrq lvRg] lgodx¿ atfpg]
/ tL lgodsf cfwf/df ljBfyL{x¿nfO{ ls/0f /]vflrq lvRg nufpg'xf];\ .

 j:t'nfO{ sGe]S; n]G;af6 ljleGg b'/Ldf /fVbf sGe]S; n]G;n] agfpg] cfs[ltsf] k|s[lt
lgDglnlvt lj|mofsnfkaf6 :ki6 kfg{ ;lsG5 M

kf7\ok':tssf] lj|mofsnfk %=! cg';f/ sGe]S; n]G;sf] s]Gb|Ls/0f b'/L kQf nufpg'xf];\ .
d}g aQL afn]/ :6\ofG8df /fvL n]G;af6 s]Gb|Ls/0f b'/Lsf] bf]Aa/ b'/L (2F) df
/fVg'xf];\ . n]G;sf] csf]{lt/ :6\ofG8;lxtsf] kbf{ /fVg'xf];\ . kbf{nfO{ n]G;af6 6f9f /
glhs ;f/]/ d}g aQLsf] cfs[lt agfpg'xf];\ . d}g aQLsf] cfs[lt l:ylt / k|s[lt cjnf]sg
u/fpg'xf];\ . pko'{St ljlwcg';f/ j:t'nfO{ -d}g aQL_ km/skm/s b'/Ldf 2F eGbf 6f9f, 2F

/ F sf] aLrdf, F / n]G;sf] aLrdf /fvL d}g aQLsf] cfs[ltsf] l:ylt / k|s[lt cjnf]sg
u/fpg ;lsG5 .

 rf6{ k|bz{g u/L sGs]e n]G;af6 b]lvg] j:t'sf] cfs[lt ;'N6f], ;fgf] / cjf:tljs cfs[lt
agfp“5 egL :ki6 kfg'{xf];\ .

 n]G;sf] ;fdYo{sf] kl/efiff lbO{ n]G;sf] ;fdYo{ lgsfNg] ;"q atfO{ n]G;sf] ;fdYo{;DaGwL
ul0ftLo ;d:of xn ug{ nufpg'xf];\ .

 n]G;sf] lj:t[ltsf] kl/efiff lbO{ lj:t[lt gfKg] tl/sf atfpg'sf ;fy} lj:t[lt lgsfNg] ;"q
atfO{ lj:t[lt;DaGwL ul0ftLo ;d:of xn ug{ l;sfpg'xf];\ .

 xft]n]G; Ps k|sf/sf] ;/n ;"Idbz{s oGq xf] egL atfpg'sf ;fy} o;n] s;/L j:t'sf]
cfs[lt 7"nf] kf5{ egL k|bz{g u/L :ki6 kfg'{xf];\ / o;sf] k|of]uaf/] 5nkmn ug'{xf];\ .

 Sofd/fsf] agf]6sf] lrq jf ;Dej ePdf Sofd/f k|bz{g u/L o;sf ljleGg efux¿sf
kl/ro lbO{ Sofd/fn] s;/L sfd u5{ eGg] ;DaGwdf k|Zgf]Q/ ug'{xf];\ .

 cf“vfsf] x]g]{ zlStdf sdhf]/L eg]sf] s] xf] < ljBfyL{x¿nfO{ k|Zg ;f]wL 5nkmnsf
cfwf/df cb"/b[li6 / b"/b[li6 u/L cf“vfsf] sdhf]/L b'O{ k|sf/sf x'G5g\ egL :ki6 kfg'{xf];\ .

 cb"/b[li6 ePsf] cf“vfsf] gd'gf tof/ kfg]{ sfo{

Pp6f /fpG8 a6d Çnf:s lnO{ To;df Çnf]/]l;gsf] 3f]n eg'{xf];\ . Çnf:ssf] Jof;eGbf sd
s]Gb|Ls/0f b'/L ePsf] sGe]S; n]G; Çnf:ssf] Psflt/ ;]nf]6]kn] c8\ofpg'xf];\ . n]G;af6
k|sfz k7fpg'xf];\ . k|sfzsf] ls/0f sxf“ s]lGb|t eof] / lsg < sGe]S; n]G;sf] cufl8
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sGs]e n]G; /fVbf k|sfzsf] ls/0f Çnf:ssf] ljk/Lt efudf lsg s]lGb|t eof] < 5nkmn
u/L cb"/b[li6 x'gfsf sf/0f / o;k|sf/sf] sdhf]/L x6fpg] tl/sfaf/] lgisif{df
k'Ug'xf];\ .

 b"/b[li6 ePsf] cf“vfsf] gd'gf tof/ kfg{

Pp6f /fpG8 a6d Çnf:s lng] / To;leq Çnf]/]l;gsf] 3f]n eg'{xf];\ . Çnf:ssf] Jof;eGbf
s]xL 7"nf] s]Gb|Ls/0f b'/L ePsf] sGe]S; n]G; Çnf:ssf] Psflt/ ;]nf]6]kn] c8\ofpg'xf];\ .
n]G;af6 k|sfz k7fpg'xf];\ / cjnf]sg u/fpg'xf];\ . k|sfzsf ls/0fx¿ sxf“ s]lGb|t
eof] < k|sfzsf ls/0fx¿ Çnf:ssf] csf]{lt/ s]lGb|t ug{ s] ug'{kb{5 / s;/L < ljBfyL{x¿aLr
5nkmn u/fO{ b"/b[li6 x'gfsf sf/0f / o;k|sf/sf] sdhf]/L x6fpg] tl/sf atfpg'xf];\ .

 sDkfpG8 ;"Idbz{s oGq k|bz{g u/L o;sf] agfj6 / ljleGg efux¿sf] gfd atfpg'sf
;fy} of] oGqn] s;/L ;"Id j:t'nfO{ 7"nf] agfp“5, ls/0f /]vflrqåf/f k|:6 kfg'{xf];\ . o;sf]
pkof]lutfaf/] atfpg'xf];\ .

 kf7\ok':tssf] lj|mofsnfk %=$ cg';f/ sDkfpG8 ;"Idbz{s oGqsf] gd'gf ljBfyL{x¿nfO{
tof/ kfg{ nufpg'xf];\ .

 pknAw 5 eg] 6]ln:sf]k -b"/bz{s oGq_ k|bz{g u/L o;sf ljleGg efux¿sf] gfd /
sfo{af/]  5nkmn ug'{xf];\ . 6]ln:sf]kn] 6f9fsf] j:t' glhs / :ki6 x'G5 eGg] s'/f ls/0f
/]vflrqåf/f :ki6 kfg'{sf ;fy} ljBfyL{x¿nfO{ klg ls/0f /]vflrq sf]g{ nufpg'xf];\ .

 kf7\ok':tssf] lj|mofsnfk %=^ cg';f/ 6]ln:sf]ksf] gd'gf ljBfyL{x¿nfO{ tof/ kfg{
nufpg] / o;sf] d"Nofª\sg;d]t ug'{xf];\ .

-ª_ d"Nofª\sg

!= sGe]S; n]G;nfO{ sGelh{ª n]G; elgG5, lsg <

@= sGs]e n]G;nfO{ 8fOelh{ª n]G; elgG5, lsg <

#= kl/efiff lbg'xf];\ M

-s_ s]Gb|Ls/0f ljGb' / -v_ s]Gb|Ls/0f b'/L

$= jf:tljs cfs[lt / cjf:tljs cfs[ltaLr b'O{cf]6f km/s n]Vg'xf];\ .

%= n]G;sf] ;fdYo{ eg]sf] s] xf] < of] s'g PsfOdf gflkG5 <

^= lj:t[ltsf] kl/efiff lbg'xf];\ . n]G;sf] lj:t[lt s;/L kQf nufpg ;lsG5 <

&= sGe]S; n]G; / sgs]e n]G;aLr kfOg] b'O{cf]6f leGgtf n]Vg'xf];\ .



lzIfs lgb]{lzsf, lj1fg, sIff – !) 29

*= Pp6f sGe]S; n]G;sf] s]Gb|Ls/0f b'/L @ ;]ldsf] 5 . n]G;b]lv # ;]ld k/ Pp6f an]sf] d}g
aQL /flvPsf] 5 eg] pSt d}gaQLsf cfs[lt sxf“ aG5, ls/0f /]vflrq sf]/]/ b]vfpm .
pSt n]G;sf] ;fdYo{ / lj:t[lt kQf nufpg'xf];\ .

(= dfgj cf“vfsf] lrq n]vL lgDglnlvt efux¿ b]vfpm M

-s_ cfOl/; -v_ /]l6gf -u_ sf]lg{of -3_ l;lno/L d;n

!)= lbOPsf] lrq cjnf]sg u/L lgDglnlvt k|Zgx¿sf] pQ/ lbg'xf];\ M

-s_ cf“vfsf] sdhf]/L s'g xf] <

-v_ of] sdhf]/L x'gfsf] b'O{cf]6f sf/0f n]Vg'xf];\ .

-u_ of] sdhf]/L x6fpg s] ug'{k5{ <

-3_ of] sdhf]/L x6fpg] ljlw lrqåf/f b]vfpg'xf];\ .

!!= dfgj cf“vf / Sofd/faLr b'O{cf]6f km/s n]Vg'xf];\ .

!@= sDkfpG8 ;"Idbz{s oGqsf] ;kmf / gfdfª\lst ls/0fsf] /]vflrq lvRg'xf];\ .

!#= sDkfpG8 ;"Idbz{s oGqsf] j:t'ut n]G; / b[li6 n]G;n] agfpg] cfs[ltaLr Pp6f km/s
n]Vg'xf];\ .

!$= b"/bz{s oGqsf] j:t'ut n]G;sf] s]Gb|Ls/0f b'/L sDkfpG8 ;"Idbz{s oGqsf] j:t'ut
n]G;sf] s]Gb|Ls/0f b'/L 7"nf] / km/flsnf] x'G5, lsg <

!%= sDkfpG8 ;"Idbz{s oGq / b"/bz{s oGqaLr b'O{cf]6f leGgtfx¿ n]Vg'xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

 afSnf] n]G;sf] s]Gb|Ls/0f b'/L sd / kftnf] n]G;sf] s]Gb|Ls/0f b'/L nfdf] x'G5 .

 k|sfzsf] ;dfgfGt/ ls/0fx¿ Pp6} ljGb'af6 km}lnP/ cfPsf] b]lvg] x'“bf sGs]e n]G;nfO{
8fOelh{ª n]G; elgG5 .

sGe]S; sGs]e

-s_ s]Gb|Lo efu afSnf] / 5]plt/ -s_ s]Gb|Lo efu kftnf] / 5]plt/ afSnf]
kftnf] x'G5 . x'G5 .

-v_ o;n] k|sfzsf] ;dfgfGt/ ls/0fnfO{ -v_ o;n] k|sfzsf] ;dfgfGt/ ls/0fnfO{
s]lGb|t u5{ . ljs]lGb|t u5{ .

-u_ o;n] jf:tljs / plN6Psf] cfs[lt -u_ o;n] cjf:tljs / ;'lN6Psf] cfs[lt
agfp“5 . agfp“5 .
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 f
1P ? (f = s]Gb|Ls/0f b'/L ld6/df gflkPsf]_


u
v

M = (v = cfs[ltsf] b'/L÷ u = j:t'sf] b'/L_

u, v / f sf] ;DaGw

 sGe]S; n]G;sf] ;fdYo{ wgfTds (+ve) / sGs]e n]G;sf] ;fdYo{ C0ffTds (-ve) x'G5 .

 :j:y cf“vfaf6 25 cm sf] b'/LnfO{ cf“vfsf] glhssf] ljGb' elgG5 .

 k|sfzsf] pkl:yltdf /f;folgs k|ltlj|mofdf x'g] kbfy{n] n]kg u/]sf] l/agnfO{ lkmNd
elgG5 .

 lkmNdnfO{ k|zf]wg u/]/ To;af6 lgsfn]sf] :yfoL cfs[ltnfO{ g]u]l6e elgG5 .

 cf“vfsf] n]G;sf] ;fdYo{ kl/jt{gzLn x'G5 . n]G;n] j:t'sf] b'/Lcg';f/ /]l6gf cfs[lt
agfp“5 / lbdfun] ;Lw} k9\5 .

 dfgj cf“vfsf] /]l6gfdf k|sfzk|lt ;+j]bgzLn w]/} sf]ifx¿ x'G5g\ .

 ;"Idbz{s oGqsf] lj:t[lt

 b"/bz{s oGqsf] lj:t[lt

;"Idbz{s oGqn] agfpg] clGtd cfs[ltsf] nDafO

;"Idbz{sljgfsf] j:t'sf] nDafO

j:t'ut n]G;sf] s]Gb|Ls/0f b'/L

b[li6ut n]G;sf] s]Gb|Ls/0f b'/L

=

=

I

O
=

F

f
=
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PsfO ^ ljB't\ wf/f / r'DasTj (Electric Current & Magnetism)

cg'dflgt 3G6L M !!

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= ljB't\sf c;/x¿ k|bz{g / JofVof ug{ .

@= ljB't\ r'DasLo pkkfbg;DaGwL kmf/f8]sf lgodx¿ j0f{g ug{ .

#= ljB't\, df]6/, 6«fG;kmd{/ / h]g]/]6/sf] sfo{ l;4fGt lrq;lxt j0f{g ug{ .

$= b}lgs hLjgdf k|of]u x'g] ljB't\ r'DasLo / ljB'tLo pks/0fx¿sf pkof]lutf j0f{g ug{ .

%= u|fx{:y ljB'tLs/0fnfO{ pbfx/0f;lxt JofVof ug{ -j|mlds / ;dfgfGt/ ;ls{6x¿ /
Ço'hsf] k|of]u_ .

^= ljB't\ k|of]u ubf{ ckgfpg'kg]{ ;'/Iffsf pkfox¿ j0f{g ug{ .

&= ljB't\ lan lgwf{/0f;DaGwL ;/n ;d:ofx¿ xn ug{ .

-v_ kl/ro

o; PsfOsf] cWofkgaf6 ljBfyL{x¿nfO{ ;dfgfGt/ / >]0fL j|md h8fgsf] kl/ro lbg, dxŒj
atfpg / k|of]u ug{ ;dy{ agfpg'kg]{ 5 . 3/df x'g] ljB't\ h8fg sfo{sf ljlwx¿ atfpg,
3/df ;KnfO ul/g] ljB't\sf] ljz]iftf atfpg ;Sg] 5g\ . ljB't\ kl/kysf dxŒjk"0f{ efu
(Component) Ço'hsf] pkof]lutf atfpg / pko'St Ifdtfsf] Ço'hsf] k|of]u ;d]t ug{
;Sg] 5g\ . cfÇg} 3/df p7\g] ljB't\sf] lan 7Ls 5÷5}g lx;fa ug{ klg ;Ifd x'g'kg]{ 5 .
;fwf/0f ljB't\ pks/0fx¿ df]6/, 6«fG;kmd{/, h]g]/]6/ cflbsf] sfo{ l;4fGt / agf]6 JofVof
ug{ ;Sg] x'g'kb{5 . cGTodf ;'/lIft tj/n] ljB't\sf] pkof]u ug{ ;Ifd x'g'kg]{ 5 .

-u_ z}lIfs ;fdu|L

ljB't\ ;]n #, aNj #, ! ld6/ tf/, ef]N6ld6/ jf elN6ld6/, ljs/, k/LIf0f gnL @,
sfa{g/8 jf Pn'ldlgod On]S6«f]8, tfdfsf] kftf, kmnfdsf] lsnf, lgnf] t'yf], Ogfd]n vf]n
ePsf] tf/ ! ld6/, ækmnfdsf] lsnf, r'DasLo sDkf;, 6«fG;kmd{/ -220 v jf6 3v bg]_ / Pp6f
sfd 98gnfUg] 6«fG;kmd{/ .
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-3_ lzIf0f l;sfO lj|mofsnfk

ljB't\ kl/ky

 ljBfyL{sf] cg'ejnfO{ ;d]t k|:t't ug{sf nflu ;'?df ljBfyL{x¿nfO{ ;lj|mo agfpg ljleGg
lj|mofsnfkx¿ ug'{xf];\ .

 ljB't\ kl/kysf] lrq lvRg'xf];\ . o;sf d'Vo cª\ux¿ s]s] x'g\, atfpg'xf];\ .

 Pp6f ljB't\ ;]n / ;fgf] aNanfO{ tf/n] hf]8]/ ljB't\ kl/ky tof/ u/L k|bz{g ug'{xf];\ .
v'nf / aGb kl/kysf] cj:yf k|bz{g ug'{xf];\ .

ljB't\ nf]8sf] h8fg

 lj|mofsnfk 6.1 -kf7\ok':ts k]h 61_ u/]/ b]vfpg'xf];\ .

 af]8{df lrq n]v]/ ;dfgfGt/ h8fgsf] kl/ro lbg'xf];\ .

 ;dfgfGt/ h8fgaf6 x'g] kmfObfx¿ k|bz{g / JofVof ug'{xf];\ .

>]0fL j|md h8fg

 tLgcf]6f aNax¿ Pp6f ;]n;“u >]0fL j|md h8fg u/]/ k|bz{g ug'{xf];\ .

 b'O{cf]6f aNax¿ ;]n;“u hf]8]/ k|bz{g ug'{xf];\ .

 km]l/ Pp6f dfq aNa ;]n;“u hf]8]/ k|bz{g ug'{xf];\ .

 Pp6f, b'O{cf]6f jf tLgcf]6f aNax¿ Pp6} ;]n;“u >]0fL j|md h8fg ubf{ s]s] km/s b]lvof]
ljBfyL{x¿nfO{ eGg nufpg'xf];\ / o;sf sf/0f JofVof ug'{xf];\ .

 >]0fL j|md h8fgsf] j0f{g ug'{xf];\ / o;sf] pkof]lutfaf/] 5nkmn ug'{xf];\ .

;]nx¿sf] ;fd"xLs/0f

 >]0fL j|md / ;dfgfGt/ ;fd"xLs/0fsf] lrq n]v]/ j0f{g ug'{xf];\ .

 tLgcf]6f ;]nnfO{ ;dfgfGt/ ;fd"xLs/0f u/L ef]N6]h gfk]/ b]vfpg'xf];\ .

 ;dfgfGt/ ;fd"xLs/0f u/]/ aNa afnL b]vfpg'xf];\ .

 tLgcf]6f ;]nx¿ >]0fL j|md ;fd"xLs/0f u/]/ ef]N6]h gfkL b]vfpg'xf];\ .

 b'O{cf]6f ;]nx¿ >]0fL j|md ;fd"xLs/0f u/L aNa afn]/ k|bz{g ug'{xf];\ .

 k|of]u u/L lgDglnlvt tflnsf af]8{df eg]/ k|bz{g ug'{xf];\ M
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;fd"xLs/0f ef]N6ld6/ cª\s aNasf] pHofnf]

 1 ;]ndf 2 ;]ndf 3 ;]ndf

;dfgfGt/ oyfjt\÷a9\b} uof]

>]0fL j|md oyfjt\÷a9\b} uof]

 >]0fL j|md ;fd"xLs/0fdf ef]N6]h, ljB't\ wf/f / ;fdYo{ s;/L a9\5 eGg]af/] lx;fa u/]/
b]vfpg'xf];\ .

 dflysf] lj|mofsnfksf] lgisif{ ljBfyL{x¿nfO{ eGg nufpg'xf];\ .

ufx{:y ljB'tLs/0f

 ufx{:y ljB'tLs/0fsf ;DaGwdf k|Zgf]Q/ u/L o;sf] kl/ro lbg'xf];\ .

 ufx{:y ljB'tLs/0fdf ;KnfO ul/g] ljB't\sf ljz]iftfx¿ ljBfyL{x¿nfO{ eGg nufpg'xf];\ .

 ljB't\ pTkfbg u[xaf6 pTkfbg ul/Psf] ljB't\ ufp“÷;x/;Dd s;/L cfOk'U5 j0f{g
ug'{xf];\ .

 ufx{:y ljB't\ kl/kysf] lrq n]v]/ j0f{g ug'{xf];\ .

 l8l:6«Jo';g af]8{, nfOe, Go'6«n / cly{ª tf/af/] kl/ro lbg'xf];\ .

 P;L / l8;LaLrsf leGgtfx¿af/] 5nkmn ug'{xf];\ .

 ljB't\ h8fg sfo{ ubf{ s'gs'g /ªsf tf/x¿ s'gs'g nfOgdf k|of]u ul/G5 atfpg'xf];\ .

 ufx{:y ljB'tLs/0f ubf{ Wofg lbg'kg]{ s'/fx¿ atfpg'xf];\ .

ljB't\ vkt

 ljBfyL{x¿nfO{ cfÇgf] 3/df ljB't\sf] k|of]u u/]afkt ljB't\ k|flws/0fnfO{ slt dx;'n ltg]{
u/]sf 5g\ eGg nufpg'xf];\ .

 dflysf] 5nkmnsf cfwf/df ljB't\ vktsf ;DaGwdf :ki6 kfg'{xf];\ .

 ljB't\ vktsf] ;"q / PsfO atfOlbg'xf];\ .

 ljB't\ vktsf] lx;fa ug]{ tl/sf l;sfOlbg'xf];\ .

 gd'gf k|Zg / pbfx/0fx¿ /flvlbP/ ljBfyL{nfO{ lx;fa ug{ nufpg'xf];\ .

 ljB't\ vkt;DaGwL yk cEof;x¿ u/fpg'xf];\ .
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Ço'h

 Ço'hsf] kl/efiff / kl/ro lbg'xf];\ .

 Ço'h tf/sf] agf]6 / k|of]u ljlw atfpg'xf];\ .

 Ço'hsf] dxŒjaf/] ljBfyL{x¿nfO{ eGg nufpg'xf];\ .

 s'g} kl/kydf k|of]u ug{ cfjZos kg]{ Ço'hsf] Ifdtf lx;fa ug{ l;sfpg'xf];\ .

 gd'gf k|Zgx¿ lbP/ Ço'hsf] Ifdtf lx;fa ug]{ cEof; u/fpg'xf];\ .

ljB'tLo wf/fsf] c;/

 ljB'tLo wf/fsf] c;/af/] 5nkmn ug'{xf];\ .

 ljB't\ c;/ slt k|sf/sf 5g\ < ljBfyL{x¿nfO{ eGg nufpg'xf];\ .

tfksf] c;/

 s'g} klg j:t'nfO{ tfk lbPdf ;f] j:t'df s]s] c;/ b]vf kg{ ;S5 < k|Zg u/L ljBfyL{x¿nfO{
tfksf] c;/af/] eGg nufpg'xf];\ .

 dflysf] 5nkmnsf cfwf/df tfksf] c;/af/] kl/ro lbg'xf];\ .

 tfksf] c;/af6 ;~rfng ul/g] pks/0fx¿sf] gfd ljBfyL{x¿;“u ;f]w]/ af]8{df gf]6
ug' {xf];\ .

 lj|mofsnfk 2 kl5 cfjZos k/] lzIfsn] yk36 ug'{xf];\ .

 lxl6ª On]d]G6 / gfOj|mf]dsf] kl/ro lbg'xf];\ .

 dfOj|mf]dsf] ljz]iftf atfpg'xf];\ .

k|sfzsf] c;/

 k|sfzsf] c;/af/] kl/ro lbg'xf];\ .

 6ª\u:6]g wft'sf] ljz]iftf atfpg'xf];\ .

 lkmnfd]G6 lrdsf] agf]6 lrq;lxt j0f{g ug'{xf];\ .

 lkmnfd]G6 lrdn] s;/L k|sfz lbG5, atfpg'xf];\ .

 lkmnfd]G6 lrdleq s] x'G5† Uof;, xfjf jf z"Go < sf/0f;lxt atfpg'xf];\ .
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 lkmnfd]G6 lrdsf] lrq ljBfyL{nfO{ n]Vg lbP/ gfds/0f u/fpg'xf];\ .

 Çnf]/];]G6 aQLsf] lrq n]v]/ o;sf] agf]6 j0f{g ug'{xf];\ .

 Çnf]/];]G6 aQLn] k|sfz pTkGg ug]{ lj|mof j0f{g ug'{xf];\ .

 Çnf]/];]G6 aQLsf] ljz]iftf atfpg'xf];\ .

 Çnf]/];]G6 aQL lkmnfd]G6eGbf a9L pkof]uL x'gfsf] sf/0f JofVof ug'{xf];\ .

/f;folgs c;/

kfgLsf] ljB't\ ljR5]bg

 On]S6«f]nfO6, On]S6«f]nfOl;;, ef]N6fld6/, On]S6«f]8, Pgf]8 cflbsf] kl/ro lbg'xf];\ .

 lj|mofsnfk 6.2 -kf7\ok':ts k]h 70) k|bz{g ug'{xf];\ .

 kfgLsf] ljB't\ ljR5]bg s;/L x'G5 ;dLs/0f;lxt JofVof ug'{xf];\ .

 ljB't\ ljR5]bgsf] lrq ljBfyL{x¿nfO{ n]Vg lbg'xf];\ / ljleGg efux¿sf] gfds/0f
lbg'xf];\ .

 ljB't\ ljR5]bg ubf{ tfdfsf] On]S6«f]8 k|of]u ug{ gx'g] sf/0f atfpg'xf];\ .

ljB't\ n]kg

 kf7\ok':ts k]h 71 sf] ljB't\ n]kg lj|mofsnfk 6.3 k|bz{g ug'{xf];\ .

 ljB't\ n]kg s;/L x'G5, ;dLs/0f;lxt JofVof ug'{xf];\ .

 ljB't\ n]kg ubf{ Pgf]8, Sofgf]8 / On]S6«f]nfO6 s'gs'g k|of]u ul/G5, sf/0f;lxt JofVof
ug'{xf];\ .

 ljB't\ n]kgsf] pkof]lutf atfpg'xf];\ .

 ljBfyL{x¿nfO{ ljB't\ n]kgsf] ;kmf lrq n]vfO{ gfds/0f ug{ lbg'xf];\ .

r'DasLo c;/

 kf7\ok':tssf] lj|mofsnfk 6.4 -k]h 72) u/]/ b]vfpg'xf];\ .

 r'DasLo c;/sf] kl/ro lbg'xf];\ .

 ljB't\ k|jflxt ePsf] tf/sf] jl/kl/ r'DasLo If]q x'G5 eGg] s'/f ;lrq JofVof ug'{xf];\ .
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 ljB't k|jflxt ePsf] tf/sf] jl/kl/ /xg] r'DasLo an /]vfsf] lbzf ;lrq JofVof
ug'{xf];\ .

ljB't\ r'Das

 kf7\ok':tssf] k]h 72 sf] lj|mofsnfk 6.6 k|bz{g ug'{xf];\ .

 lrq g+= 6.14 ljBfyL{x¿nfO{ cEof; k'l:tsfdf ptfg{ nufpg'xf];\ .

 ljB't\ r'Das s;/L aG5, JofVof ug'{xf];\ .

 ;f]n]GjfO8sf] kl/ro lbg'xf];\ .

 ljB't\ r'Dassf] Ifdtf a9fpg] pkfox¿ atfpg'xf];\ .

 ljB't\ r'Dassf] pkof]lutf atfpg'xf];\ .

 ljB't\ r'Das agfpg gfª\uf] tf/ k|of]u gul/gfsf] sf/0f JofVof ug'{xf];\ .

 ljB't\ r'Dasdf pQ/ / blIf0f w|'j lgwf{/0f ug]{ ljlw atfpg'xf];\ .

ljB't\ 3G6L

 ljB't\ 3G6Lsf] agf]6 lrq af]8{df n]v]/ ljBfyL{x¿nfO{ sfkLdf lrq ptfg{ nufpg'xf];\ .

 ljB't\ 3G6Ldf ljB't\ kl/ky s;/L k"/f x'G5 / 3G6L s;/L aH5 j0f{g ug'{xf];\ .

 ljB't\ 3G6Ldf c:yfoL r'Das k|of]u ug]{ sf/0f atfpg'xf];\ .

ljB't\ r'DasLo pTkfbg

 lrq 6.16 af]8{df n]Vg'xf];\ .

 ;'rfns tf/ AB nfO{ tndfly rnfp“bf x'g] k|lj|mof JofVof ug'{xf];\ .

 UofNefgf] ld6/sf] kl/ro lbg'xf];\ .

 ljB't\ r'DasLo pTkfbgaf/] JofVof ug'{xf];\ .

 kmf/f8]sf] ljB't\ r'DasLo lgodx¿ j|md};“u JofVof ug'{xf];\ .

Çn]ldªsf] bfof“ xftsf] lgod

 kf7\ok':tssf] k]h 74 df /x]sf] lj|mofsnfk 6.7 u/]/ b]vfpg'xf];\ .

 ljBfyL{x¿nfO{ pSt lj|mofsnfkdf h:t} bfof“ xftsf cf}“nfx¿ ldnfpg nufpg'xf];\ .

 a'9L cf}“nf, dfemL cf}“nf / rf]/ cf}“nfn] s]s] s'/f b]vfp“5g\, ;f]Wg'xf];\ .
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 ljBfyL{x¿nfO{ ljB't\;DaGwL s'g} lrq pQ/ k'l:tsfdf ptfg{ nufpg'xf];\ .

 Çn]ldªsf] bfof“ xftsf] lgod atfpg'xf];\ .

 lj|mofsnfk 6.8 -k]h 75_ k|bz{g ug'{xf];\ .

 k':tsdf lbOPsf] ljrf/0fLo k|Zgx¿df 5nkmn u/fpg'xf];\ .

h]g]/]6/ jf 8fOgfdf]

 afO;fOsn 8fOgfdf]sf] lrq n]vL o;sf] agf]6 / sfo{ j0f{g ug'{xf];\ .

 8fOgfdf] pknAw ePdf lj|mofsnfk 6.9 k|bz{g ug'{xf];\ .

 h]g]/]6/sf] kl/ro lbO{ o;af6 pTkfbg x'g] ljB't\sf] dfqf a9fpg] ljlwx¿ atfpg'xf];\ .

df]6/sf] c;/

 kf7\ok':tssf] df]6/sf] c;/ ljBfyL{x¿nfO{ k9\g nufpg'xf];\, To;af6 s] a'lemG5 k|Zg
ug'{xf];\ .

 df]6/sf] c;/sf] kl/efiff atfpg'xf];\ .

 df]6/sf] c;/sf] pkof]lutf atfpg'xf];\ .

 ljB't\ df]6/sf] kl/ro / pkof]lutf atfpg'xf];\ .

6«fG;kmd{/

 Pp6f 6«fG;kmd{/sf] dbtn] 220v sf] nfOgaf6 ;fgf] aNa (3v) afn]/ b]vfpg'xf];\ .

 6«fG;kmd{/sf] kl/efiff lbg'xf];\ .

 6«fG;kmd{/sf] agf]6 lrq;lxt j0f{g ug'{xf];\ .

 lau|]sf] 6«fG;kmd{/ vf]n]/ k|fOd/L SjfOn, ;]s]G8/L SjfOn / n]ldg]6]8 sf]/ k|bz{g
ug'{xf];\ .

 6«fG;kmd{/sf] k|sf/ -:6]k ck / :6]k 8fpg_ af/] kl/ro lbg'xf];\ .

 6«fG;kmd{/df k|fOd/L ef]N6]h / ;]s]G8/L ef]N6]hsf] ;DaGw JofVof ug'{xf];\ .

k|fOd/L ef]N6]h k|fOd/L kmGsf

;]s]G8/L ef]N6]h ;]s]G8/L kmGsf
=
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 6«fG;kmd{/;“u ;DalGwt ljleGg ul0ftLo ;d:ofx¿ lbP/ k|fOd/L ef]N6]h, ;]s]G8/L ef]N6]h,
k|fOd/L kmGsf / ;]s]G8/L kmGsfsf] lx;fa ljBfyL{x¿nfO{ ug{ nufpg'xf];\ .

-ª_ d"Nofª\sg

!= ufx{:y ljB'tLs/0fdf nf]8x¿ ;dfgfGt/ h8fg ug'{sf tLgcf]6f sf/0fx¿ atfpg'xf];\ .

@= >]0fLj|md ;fd"xLs/0f eg]sf] s] xf] < ;]nx¿sf] >]0fLj|md ;fd"xLs/0faf6 x'g] b'O{cf]6f kmfObfx¿
n]Vg'xf];\ .

#= P;L / l8;LaLr tLgcf]6f leGgtfx¿ atfpg'xf];\ .

$= ufx{:y ljB'tLs/0fdf ;KnfO ul/g] ljB't\sf tLgcf]6f ljz]iftfx¿sf] n]Vg'xf];\ .

%= 40 jf6sf] 5 cf]6f 6\o'anfO{ lbgsf] 4 3G6f afNbf k|ltdlxgf ljB't\ vkt slt x'G5 <

^= Ço'h eg]sf] s] xf] < Ço'hsf] Pp6f dxŒj n]Vg'xf];\ . 1000 w sf] lx6/ 220v sf] nfOgdf
afNg slt PlDko/sf] Ço'h cfjZos kb{5 <

sf/0f atfpg'xf];\ M

-s_ k|foM lxl6ª On]d]G6 gfOj|mf]daf6 g} agfOG5 .

-v_ aQLsf] lkmnfd]G6 6ª:6];g wft'af6} agfOPsf] x'G5 .

-u_ lkmnfd]G6 lrdleq gfO6«f]hg el/Psf] x'G5 .

-3_ Çnf]/];]G6 aQLn] a9L pHofnf] lbG5 .

&= kfgLsf] ljB't\ ljR5]bg lj|mofsf] ;kmf lrq lvRg'xf];\ . o;df tfdfsf] On]S6«f]8 lsg k|of]u
ul/“b}g <

*= dfOsn kmf/f8]sf] ljB't\ r'DasLo pTkfbgsf lgodx¿ n]Vg'xf];\ .

(= 6«fG;kmd{/sf k|d'v cª\ux¿sf gfd n]Vg'xf];\ . k|To]ssf] Pp6fPp6f sfo{ klg n]Vg'xf];\ .

!)= :6]k ck / :6]k 8fpg 6«fG;kmd{/aLrsf b'O{ leGgtf n]Vg'xf];\ .
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-r_ lzIfsnfO{ yk hfgsf/L

P;L (A.C) ljB't\ s;/L pTkfbg x'G5 eGg] s'/f tn lbOPsf] lrqaf6 k|:6 x'G5 .

lrqdf r'DasLo w|'jx¿ aLrdf tf/sf SjfOn 3'dfPsf] b]vfOPsf] 5 . pSt tf/sf] SjfOnsf
ljleGg l:yltx¿ ‘s’, ‘v’, ‘u’ / ‘3’ df pTkfbg x'g] ljB't\sf] dfqf / ljB't\ axg] lbzfaf/]
ljrf/ u/f}“ . SjfOndf pTkfbg x'g] ljB't\sf] lbzfsf] s'/f ubf{ Çn]ldªsf] bfof“ xftsf] lgodnfO{
/fd|/L ;Demg'k5{ .

lrq ‘s’ / ‘u’ df tf/sf] SjfOn t];f]{ cyf{t\ r'DasLo w|'jx¿ hf]8\g] /]vf -cIf_ ;“u ;dfgfGt/
l:yltdf 5 . ‘s’ l:yltdf SjfOnsf] ‘r, 5’ efu bfof“ -pQ/L w|'j_ lt/ / ‘h, em’ eg] afof“lt/
5, t/ ‘u’ l:yltdf SjfOnsf] ‘r’ 5 v08 afof“ -blIf0f w|'j_ lt/ / ‘h, em’ v08 bfof“ -pQ/
w'|j_ lt/ /x]sf] 5 . ca Çn]ldªsf] bfof“ xftsf] lgodcg';f/ To; SjfOndf pTkfbg x'g] ljB't\
lrq ‘s’ df ‘em’ af6 ‘h’ lt/ / ‘5’ af6 ‘r’ lt/ axG5 . cyf{t\ pQ/L w|'jlt/ /x]sf] SjfOnaf6
aflx/L kl/kylt/ / blIf0f w|'jlt/ /x]sf] SjfOndf SjfOnsf] leqlt/ ljB't\ axG5 . ‘s’
l:yltdf axg] ljB't\sf] lbzf / ‘u’ l:yltdf axg] ljB't\sf] lbzf 7Ls ljk/Lt 5 . cyf{t\ ‘s’
l:yltdf ‘r’ 5]p C0ffTds / ‘em’ 5]p wgfTds t/ ‘u’ l:yltdf ‘r’ 5]p wgfTds / ‘em’ 5]p
C0ffTds w|'j aG5 . o;/L SjfOn 7Ls () 3'ld;Sbf pTkfbg x'g] ljB't\sf] w|'jsf] lbzf plN6Psf]
5 . km]l/ SjfOnsf] ‘s’ / ‘u’ l:yltdf r'DasLo an /]vfx¿ clwstd dfqfdf sf6\g] x'“bf ljB't\
pTkfbg klg clwstd x'G5 .

ca lrq ‘v’ / ‘3’ cWoog u/f}“ . oL l:yltx¿df tf/sf] SjfOnsf] rfn an /]vf;“u ;dfgfGt/
x'g] x'“bf an /]vfx¿nfO{ sf6\b}g . To;}n] SjfOndf ljB't\ pTkfbg ljNs'n} x'“b}g .

ca lrq ‘s’ b]lv ‘ª’ ;Dd k'Ubf tf/sf] SjfOnn] #^)° -Ps kmGsf_ k"/f u/]sf] x'G5 . ‘ª’ l:ylt
/ ‘s’ l:ylt p:t} xf] . tf/sf] SjfOn 3'Db} ()° k"/f ubf{ ‘v’ l:ylt cfp“5 . o;sf/0f ‘s’ b]lv
‘v’ ;Dd pTkflbt ljB't\sf] dfqf j|mdzM 36\b} uO{ z"Go l:yltdf k'U5 . To;kl5 ‘v’ af6
SjfOn 3'Db} ()° k"/f ubf{ ‘u’ l:yltdf k'U5 . ‘v’ kl5 pTkfbg x'g] ljB't\sf] dfqf j|mdzM a9]/
‘u’ df k'Ubf clwstd x'G5 t/ ljB't\ axg] lbzf ‘s’ l:yltsf] eGbf pN6f] x'G5 . km]l/ ‘u’
l:yltdf k'U5 . ‘v’ kl5 pTkfbg x'g] ljB't\sf] dfqf j|mdzM a9]/ ‘u’ df k'Ubf clwstd x'G5
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t/ ljB't\ axg] lbzf ‘s’ l:yltsf] pN6f] x'G5 . km]l/ ‘u’ af6 SjfOn 3'Db} ()° k"/f x'“bf ‘3’
l:yltdf k'U5 . o;j]nf SjfOndf pTkfbg x'g] ljB't\ j|mdzM 36\b} hfG5 / z"Go cj:yfdf k'U5 . ‘3’
af6 k'gM ()° 3'Dbf ‘ª’ l:yltdf k'U5 . pTkfbg x'g] ljB't\ a9\b} uP/ clwstd eO{ ‘s’
l:yltdf h:t} lbzflt/ axG5 . ‘s’ af6 ‘ª’ df k'Ubf Ps ;fOsn k"/f ePsf] x'G5 . Ps ;fOsn
k"/f x'“bf ljB't\ pTkfbg b'O{ k6s clwstd / b'O{ k6s z"Go l:yltdf k'U5 eg] ljB't\sf w|'jx¿
klg abn]sf] x'G5 . ca xfd|f] b]zdf ljt/0f ul/g] ljB't\sf] lk|mSj]G;L %) ;fOsn k|lt;]s]G8
cyf{t\ k|To]s ;]s]G8df %) ;fOsn pTklQ ePsf x'G5g\ / %) rf]l6 g} w|'j kl/jt{g x'G5 .
To;}n] P;Ldf s'g w|'j C0ffTds / s'g w'|j wgfTds eGg] s'/f 5'6\l6“b}g / P;L ljB't\sf] w|'j
x'“b}g . pko'{St lrqcg';f/ tf/sf] SjfOnsf] h'g;'s} Ps 5]p / cly{ª ul/Psf] Go'6«naf6
kl/ky k"/f ug{ ;lsG5 . o;}n] h]g]/]6/af6 lg:sg] b'j} tf/n] km]h -ljB't\ ePsf] tf/_ sf] sfd
u5{ . of] klg Pp6f kmfObf xf] . lsgls o;n] ubf{ ljB't\sf] ;fdYo{ a9\5 . lsg ;fdYo{ a9\5
eGg] s'/f yfxf kfpg cem} hl6n 5 . clxn]sf] :t/ -sIff !)_ nfO{ of] yfxf kfpg' kg]{
cfjZostf 5}g .

ljB't\ ;]nx¿ k|fOd/L, 8«fO;]n, kmf]6f];]n n]8, Pl;8 ;]n cflbdf ljB't\ Ps} lbzflt/ dfq
axG5 . h:tf] 8«fO;]ndf sfa{g /8 ;w}“ wgfTds w'|j eP h:tfsf] ef“8f] ;w}“ C0ffTds w'|j x'G5 .
To;}n] h:tfsf] ef“8faf6 aflx/L kl/ky eO{ On]S6«f]gx¿ sfa{g /8lt/ axG5 . ljB't\ k|jfxsf]
k/Dk/fcg';f/ lbzf sfa{gsf] /8af6 aflx/L kl/kydf h:tfsf] kftflt/ x'G5 . k]ml/ ;]ndf
pTkfbg x'g] ljB't\sf dfqf 36a9 eO/x“b}g a? Psgf;sf] kl/df0fdf ljB't\ pTkfbg x'G5 .

;]nx¿sf] ;fd"xLs/0fdf ;dfgfGt/ h8fg ubf{ ljB't\sf] dfqf a9\5 cyf{t\ Jof6«Ln] lbg ;Sg]
-supply ug{ ;Sg]_ ljB't\sf] dfqf (Quantity) a9\5 .

;]nx¿sf] j|mlds h8fg ubf{ ljB't\sf] dfqf a9\b}g t/ ljB't\ rfk eg] a9\5 . ljB't\ rfk /
ljB't\sf] dfqf b'j} a9fpg' k/]df ldl>t h8fg -;dfgfGt/ / j|mlds_ ug'{k5{ . n]8 Pl;8
Jof6«Ldf ldl>t h8fg ul/Psf] x'G5 . o;}n] dfgf}“ ls n]8 Pl;8 Jof6«Ln] 12V / 75 A Ifdtfsf]
ljB't\ lbg ;S5 . o;df Pp6} ;]ndf Kn]6x¿ ;dfgfGt/ /flvPsf x'G5g\ eg] Pp6f ;]n / csf]{
;]n j|mlds h8fg ul/Psf x'G5g\ .

tf/sf] ;fOh

kf7\ok':tsdf b'O{ y/L ;fOhx¿ (7/22 / 3/22) ePsf] tf/ pNn]v ePsf 5g\ . jfol/ª ug{ k|of]u
ul/g] Knfl:6s sf]6]8 tf/leq tfdfsf tf/x¿ /x]sf x'G5g\ . tL tf/sf] df]6fO @@ u]h x'G5 .
@@ u]hsf] tfdfsf] tf/sf] Ifdtf !% PlDko/ x'G5 . 7/22 eGgfn] @@ u]h ePsf 7 cf]6f tfdfsf
tf/x¿ ePsf] tf/ / 3/22 eGgfn] 22 u]h ePsf tLgcf]6f tf/x¿ ;lDemg'k5{ .
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ljB't\ em8\sf s;/L nfU5 <

xfd|f] z/L/af6 ljB't\ k|jxg ePsf] cj:yfdf dfq xfdLnfO{ ljB't\ em8\sf nfU5 . Go'6«n tf/df
ljB't\ x'“b}g . To;nfO{ 5f]Pdf klg ljB't\ em8\sf nfUb}g . km]h tf/ 5'“bf ljB't\ em8\sf nfUg
;S5 . gfª\uf] v'6\6fn] 6]s]sf] j]nf km]h tf/ 5f]Pdf km]h tf/af6 xfd|f] z/L/ eP/ hldglt/
ljB't\ axG5 . o;/L kl/ky k"/f x'g uO{ xfdLnfO{ ljB't\ em8\sf nfU5 t/ /a/sf] tnjf -;f]n_
ePsf] h'Qf nufPsf] 5 / z/L/sf] cGo s'g} efun] e'O“, leQf jf Go'6«n jf cly{ª tf/ 5f]Psf]
5}g eg] xfd|f] z/L/af6 ljB't\ k|jxg x'g] 7fp“ x'“b}g . o:tf] cj:yfdf km]h tf/ 5f]P klg kl/ky
k"/f x'“b}g / xfdLnfO{ ljB't\ em8\sf nfUb}g . n7\7fdf /x]sf] ljB't\ axg] gfª\uf] tf/df r/fx¿
a:bf klg tL r/fx¿sf] z/L/ eP/ ljB't\ k|jxg x'g] 7fp“ 5}g . To;}n] r/fx¿nfO{ ljB't\ em8\sf
nfUb}g .

ljB't\ r'Das

ljB't\ r'Das agfp“bf gfª\uf] tf/ k|of]u ug'{ x'“b}g . r'DasLo j:t' cS;/ ljB't\sf] ;'rfns
x'G5 . gfª\uf] tf/n] a]bf{ tf/af6 ljB't\sf] ;6\6f r'DasLo j:t'af6 ljB't\ axG5 . dfgf}“ ls
r'DasLo j:t'nfO{ s'g} s'rfns -h:tf]sL sfuh_ n] a]/]/ gfª\uf] tf/sf] ;f]n]GjfO8 agfOPsf]
v08df klg ;f]n]GjfO8sf] tf/af6 ljB't\ axg'sf] ;6\6f tf/sf kmGsfx¿ Pp6} l9Ssf ePsf]
x'“bf ;Lw} ljB't\ axG5 . dflysf ;a} cj:yfx¿df ljB't\ r'Das aGb}g a? ;6{ ;ls{6 eO{
vt/f pTkGg x'G5 . ljB't\ r'Das agfpg tf/sf kmGsf h:t} ljB't\ klg 3'd]/ axg'k5{ .

ljB't\ r'Dasn] sfd u/]sf] cj:yf ;6{ ;ls{6 ePsf] cj:yf
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PsfO & tŒjx¿sf] juL{s/0f (Classification of Elements)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= k]l/of]l8s lgodsf] JofVof ug{ .

@= cfw'lgs k]l/of]l8s tflnsfsf] j0f{g u/L tŒjx¿sf] kf/df0fljs /rgf / k]l/of]l8s
tflnsfdf ltgsf] l:ylt j0f{g ug{ .

-v_ kl/ro

of] PsfOaf6 ljBfyL{x¿df k]l/of]l8s tflnsfsf] wf/0ffaf/] :ki6 x'g, k]l/of]l8s 6]ansf]
cWoog ljZn]if0f u/L tŒjx¿sf] l:ylt kQf nufpg / tL tŒjx¿sf] ;d"x kQf nufpg'sf ;fy}
lbOPsf tŒjx¿sf] On]S6«f]g ljGof; rf6{ tof/ u/L k|:t't ug{ ;Sg] Ifdtfsf] ljsf; ug{df hf]8
lbOPsf] 5 .

-u_ lzIf0f ;fdu|L

tŒjx¿sf] juL{s/0f / k'/fgf] k]l/of]l8s 6]an

-3_ lzIf0f l;sfO lj|mofsnfk

lgDglnlvt k|Zgx¿ ljBfyL{x¿;“u 5nkmn ug]{ / 5nkmnsf cfwf/df periodic table sf]
wf/0ff, cfjZostf / k]l/of]l8s 6]ansf] ljsf; ug{ ljleGg j}1flgsx¿sf k|of;x¿af/] :ki6
kfg'{xf];\ M

 tŒjx¿sf] juL{s/0f ug{ lsg cfjZos 5 <

 Periodic Table s]nfO{ elgG5 <

 Periodic Table sf] ljsf;df s'gs'g j}1flgsx¿n] s;/L of]ubfg k'¥ofPsf 5g\ <

 d]G8lnesf] k'/fgf] k]l/of]l8s tflnsfsf] rf6{ k|:t't ug'{xf];\ / lgDglnlvt k|Zgx¿df
k|Zgf]Q/ ug'{xf];\ M

* d]G8lnen] k]l/of]l8s tflnsfdf tŒjx¿nfO{ s'g j|mddf /fv]sf 5g\ <
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* k]l/of]l8s tflnsfsf] s'g} Pp6f u|'kdf tndfly ubf{ / k]l/of]8sf] bfof“afof“ ubf{
tŒjx¿sf] ;fOh / ;lj|motfdf s] c;/ x'G5 <

* tŒjx¿nfO{ ;d"x / k]l/of]8df s;/L 5'6\ofOPsf] 5 <

* d]G8lnesf] k]l/of]l8s tflnsfsf q'l6x¿ s]s] x'g\ <

* ;Dej eP dflysf k|Zgx¿sf] pQ/ ;DaGwdf s'g} gof“ tYox¿ kQf nufpg
k':tsfno / OG6/g]6sf] k|of]u ug{ nufpg'xf];\ .

cfw'lgs k]l/of]l8s tflnsf

 cfw'lgs k]l/of]l8s tflnsf / k'/fgf] k]l/of]l8ssf] tflnsf k|:t't u/L t'ngf ug{ nufpg'xf];\
/ tL aLrdf s] cGt/ 5 5nkmn ug'{xf];\ .

 cfw'lgs k]l/of]l8s tflnsfdf tŒjx¿nfO{ s]sf cfwf/df j|mda4 ul/Psf] 5 < k|Zgf]Q/
u/L cfw'lgs k]l/of]l8s tflnsfsf] lgod :ki6 kfg'{xf];\ .

 cfw'lgs k]l/of]l8s tflnsfdf 's', 'p', 'd' / 'f' Ans  On]d]G6 / 6«flGh;g tŒj, nfGyfgfO8\;
/ PlS6gfO6\; cjnf]sg ug{ nufpg'xf];\ / k|To]snfO{ Pp6f Pp6f cfkm"n] kQf nufPsf
ljz]iftfx¿ eGg nufpg'xf];\ .

 cGTodf ljz]iftf plNnlvt rf6{ k|:t't u/L :ki6 kfg'{xf];\ .

pk;]n / On]S6«f]g ljGof;

 k/df0f'sf] agfj6af/] 5f]6f] 5nkmn ug'{xf];\ .

 s]xL tŒjx¿, h:t} M H, He, C, O / Na cflbsf] On]S6«f]g ljGof;sf] gd'gf jf rf6{ k|:t't
ug'{xf];\ / ltgLx¿sf] u|'k tyf k]l/of]8 cWoog ug{ nufpg'xf];\ .

 rf6{sf cfwf/df ;]n (Shell) / ;]nx¿sf] gfds/0faf/] 5nkmn ug'{xf];\ .

 k|To]s ;]ndf ePsf On]S6«f]gx¿sf] /yfsf cfwf/df 2n2(n=1,. ....), 8'Kn]6 (Duplet) /
cS6]6 (Octet) sf ;DaGwdf 5nkmn ug'{xf];\ .

 2n2 sf cfwf/df kf]6fl;od (K) sf] On]S6«f]g ljGof; agfpg nufpg'xf];\ / o;sf] On]S6«f]g
ljGof; rf6{ k|bz{g u/L t'ngf ug{ nufpg'xf];\ .

 2n2  sf cfwf/df t];|f] ;]n (M) df ;a} /xg'kg]{df rf}yf] ;]ndf On]S6«f]g s;/L /xg uof]
egL 5nkmn ug'{xf];\ . 5nkmnsf cfwf/df 's', 'p, 'd' / 'f' pk;]nsf af/]df :ki6 kfg'{xf];\ .
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 Aufbau principle cg';f/ tŒjx¿sf] On]S6«f]g ljGof; s;/L ul/G5 < :ki6 kfg'{xf];\ .

 k':tsdf lbOPsf] On]S6«f]g ljGof;sf] cWoog ug{ nufpg'xf];\ .

k]l/of]l8s tflnsfdf tŒjx¿sf] l:ylt

 wft', cwft', cw{wft' / lgl:j|mo Uof;x¿sf ;DaGwdf Brain Storming u/fpg'xf];\ .

 cfw'lgs k]l/of]l8s tflnsf k|bz{g u/L tL tŒjx¿ s'gs'g :yfgdf /flvPsf] 5 k|Zgf]Q/
ug'{xf];\ .

 cNsfnL d]6n, cNsfnfOg cy{ d]6n / x]nf]hgx¿sf af/]df :ki6 kfg'{xf];\ .

 cfw'lgs k]l/of]l8s tflnsfdf xfO8«f]hg Uof;, n]GyfgfO8\; / PlS6gfO8\;sf] :yfgaf/]
5nkmn u/L k|:6 kfg'{xf];\ .

 cfu{g, kf]6fl;od cflbsf] :yfg cfw'lgs k]l/of]l8s tflnsfdf s;/L ;RrfOof] 5nkmn
ug'{xf];\ .

;+o'Hotf ;"rs On]S6«f]gx¿ / tŒjx¿sf] ;+o'Hotf tyf ;lj|motf

 ljBfyL{x¿nfO{ ;d"xdf ljefhg ug'{xf];\ . k|To]s ;d"xnfO{ !–@) cf]6f tŒjx¿dWo] %÷%
cf]6f tŒjx¿ -k]l/of]l8s tflnsfdf /flvPsf] j|mdcg';f/_ sf] On]S6«f]g ljGof; agfpg
nufpg'xf];\ .

 lgDglnlvt tflnsf af/]df 6f“:g'xf];\ . k|To]s ;d"xnfO{ cfÇgf] ;d"xdf k/]sf tŒjx¿sf] gfd
/ ltgLx¿n] clGtd ;]ndf ePsf] On]S6«f]gsf] ;ª\Vof tflnsf agfO{ l6Kg nufpg'xf];\ M

 pSt tflnsfsf cfwf/df Valence electron, valency / tŒjx¿sf] ;lj|motfsfaf/] k|Zgf]Q/
u/L :ki6 kfg'{xf];\ .

tŒjx¿sf]
  gfd

clGtd
;]ndf
ePsf]
On]S6«f]g
;ª\Vof
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-ª_ d"Nofª\sg

!= k'/fgf] / cfw'lgs k]l/of]l8s tflnsfsf lgod s]s] x'g\ <

@= k]l/of]l8s tflnsfdf k]l/of]8 / u|'k eg]sf] s] xf] <

#= cfw'lgs k]l/of]l8s tflnsfsf ljz]iftfx¿ s]s] x'g\ <

$= 8'Kn]6 / cS6]6 lgod s]nfO{ elgG5 <

%= kf/df0fljs ;ª\Vof ^, *, !@, !# / !& ePsf tŒjx¿sf] 's', 'p', 'd' / 'f' pk;]nsf
cfwf/df On]S6«f]g ljGof; agfpg nufO{ tL tŒjx¿sf] valency electronic / /f;folgs
;lj|motfaf/] k|Zgf]Q/ ug'{xf];\ .

^= k]l/of]l8s tflnsfsf] ;d"x hgfpg] Çnf;sf8{ af]8{df 6f“:g'xf];\ / ljleGg tŒjx¿sf] sf8{
ljBfyL{nfO{ lbO{ ;f] tŒjx¿ s'g ;d"xdf k5{g\, ;d"x n]lvPsf] sf8{d'lg 6f“:g nufO{ ljBfyL{x¿sf]
d"Nofª\sg ug'{xf];\ .

&= cNsfnL d]6n, cNsnfOg cy{ d]6n / lgl:j|mo Uof;sf] ;d"xdf kg]{ ljleGg tŒjx¿sf]
gfd ljBfyL{x¿nfO{ ljt/0f u/L ltgLx¿nfO{ dfly plNnlvt ;d"xdf 5'6\ofpg nufpg'xf];\ .

gf]6 M kf7\ok':tsdf lbOPsf k|Zgx¿ xn ug{ nufpg gla;{g'xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

 tŒjx¿sf] u'0fnfO{ cWoog ug{ ;lhnf] xf];\ eGg] clek|fon] u'0fsf cfwf/df tŒjx¿nfO{
ljleGg ;d"xdf ljeflht u/L Pp6f tflnsf lgdf{0f ul/of] h;nfO{ k]l/of]l8s tflnsf
elgG5 .

 ;g\ !*@( df h]–8An' 8f]el/g/n] tLgcf]6f tŒjx¿nfO{ ;d"xdf /fVbf aLrsf] tŒjsf]
kf/df0fljs ef/ / u'0f klg 5]plt/sf tŒjx¿sf] aLrdf kg{ hfG5 . oL tLg tŒjx¿sf]
;d"xnfO{ pgn] 6«fo8 (Traid) eGg] gfd lbP . ha tLgcf]6f tŒjx¿nfO{ kf/df0fljs ef/
a9\b} hfg] j|mddf /fVb} hf“bf aLrsf] tŒjsf] kf/df0fljs ef/ cGo b'O{ tŒjx¿sf] kf/df0fljs
ef/sf] s'n hf]8sf] cfwf x'G5 . h:t} M

lnlyod (Li) ;f]l8od (Na) kf]6fl;od (K)

kf=ef= &   @# #(

& ± #( $^
@ @

= @#=
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 ;g\ !*^( df d]G8]lnen] Go'nfoG8sf] wf/0ffnfO{ ;'wf/ u/L pgn] ;dfg /f;folgs u'0f
ePsf tŒjx¿nfO{ kf/df0fljs ef/ a9\b} hfg] j|mddf ldnfP/ /fv] h;nfO{ d]G8]lnesf]
k]l/of]l8s lgod elgG5 .

 d]G8]lnesf] sfndf sl/a ^# cf]6f dfq tŒjx¿ kQf nufO;s]sf lyP . gf]an Uof; /
cGo wft'x¿ kQf nufPsf lyPgg\ . pgn] cfÇgf] tflnsfdf kl5 kQf nufOg] tŒjx¿sf
nflu s]xL :yfg 5f]8] . tL tŒjx¿ kQf nufO;s]kl5 tŒjx¿sf] u'0f klg ldNg uof] .

 d]G8]lnesf] k]l/of]l8s tflnsfdf klxnf] k]l/o8df b'O{cf]6f tŒjx¿ /flvPsf 5g\ . o;nfO{
Hofb} 5f]6f] lkl/o8 (Very short period) elgG5 . bf];|f] / t];|f] lkl/o8df cf7cf]6f tŒjx¿
5g\ . o;nfO{ 5f]6f] lkl/o8 (Short period) elgG5 . rf}yf] / kf“rf}“ lkl/o8df !* cf]6f
tŒjx¿ 5g\ . o;nfO{ nfdf] lkl/o8 (Long period) elgG5 . 5}7f}“ lkl/o8df #@ cf]6f
tŒjx¿ 5g\ . o;nfO{ Hofb} nfdf] lkl/o8 (very long period) elgG5 . To; lkl/o8df !$
cf]6f tŒjx¿nfO{ 5'6\6} :yfgdf /flvPsf 5g\ . o;nfO{ nfGygfO8\; (lanthanides) elgG5 .
;ftf}“ lkl/o8 cw'/f] lkl/o8 xf]] . o;df o'/f]lgod tŒj /flvPsf] 5 .

 d]G8]lnesf] k]l/of]l8s tflnsfdf cf7cf]6f u|'kx¿ 5g\ . o;nfO{ /f]dg ;ª\Vofdf I b]lv VIII

;Dd / clGtd u|'knfO{ ‘O’ dflgPsf] 5 . kl5 1 b]lv VII ;Ddsf] tŒjnfO{ pk;d"x 'A' / 'B'

df ljefhg ul/of] . pk;d"x 'B' df kg]{ tŒjx¿nfO{ 6«flGh;g On]d]G6 (transition element)

elgG5 .

 d]G8]lne k]l/of]l8s tflnsfsf ljz]iftfx¿

 d]G8]lnen] cfÇgf] tflnsfdf ;dfg u'0f ePsf tŒjx¿nfO{ Pp6} ;d"xdf klg l/St :yfgx¿
5f8]sf lyP .

 d]G8]lnesf cg';f/ lkl/o8 $, %, ^, & df ;ftcf]6feGbf a9L tŒjx¿ x'g] 5g\ .
o;nfO{ ldnfp“bf pgn] b'O{cf]6f v08 A / B u/L /fv] .

 cfw'lgs k]l/of]l8s lgodsf cfwf/df lgnaf]x/ (Niel Bohr) n] k]l/of]l8s tflnsf
;'wf/ u/] . o;nfO{ nª kmd{ ckm k]l/of]l8s tflnsf elgG5 . o;df ;ftcf]6f
lkl/o8nfO{ ;f]x|cf]6f u|'kx¿df ;dfj]z ul/Psf 5g\ . 11 b]lv VII u|'knfO{ pku|'k A

/ B df ljefhg ul/Psf] 5 eg] VII u|'kdf tLgcf]6f sf]ndx¿ ;dfj]z 5g\ .

 On]S6«f]g ljGof;sf cfwf/df tŒjx¿sf] k|sf/

– k|sf/ ! M tŒjx¿sf] k/df0f'x¿sf] clGtd ;]n k"0f{ ePsf] x'G5 . o;cGtu{t lglij|mo
Uof; h:t} M lxlnod, lgof]g, cfu{g, lj|mK6g, h]gg / /]8g k5{g\ .
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– k|sf/ @ M clGtd ;]n k"0f{ ePsf tŒjx¿sf] k/df0f'afx]s c¿ ;Dk"0f{ tŒjx¿
cGtu{t M

(i) 's' Ans On]d]G6 (Additional or differentiating On]S6«f]g s- orbital df k|j]z x'g]_ ;d"x
IA / ;d"x IIA sf tŒjx¿ k5{g\, h:t} M

s1- Li, Na, K, Rb, Cs / Fr

s2- Be, Mg, Ca, Sr, Ba / Ra

(ii) 'p' Ans On]d]G6 (Additonal On]S6«f]g p-orbital df k|j]z x'g]_ M ;d"x IIA b]lv VIIA

;Ddsf tŒjx¿ k5{g\ .

IIIA IVA VA VIA VIIA

P1 P2 P3 P4 P5

B C N O F

A1 Sil P S Cl

– k|sf/ # M tŒjx¿sf] k/df0f' h;sf] clGtd b'O{cf]6f ;]nx¿ cw'/f x'G5g\,
logLx¿nfO{ 6«flGh;g On]d]G6 elgG5 . logLx¿nfO{ 'd' Ans Ond]G6x¿ klg
elgG5 . (d-orbital df additional electron enter x'g]_

IIIB IVB VB VIB VIIB VIII IB IIB

d1 d2 d3 d4 d5 d6 d7 d8 d9 d10

Sc Ti V Cr Mn Fe Co Ni Cu Zn

– k|sf/ $ M tŒjx¿sf] k/df0f' h;sf] clGtd tLgcf]6f sIfx¿ ck"0f{ x'G5g\ .
logLx¿nfO{ 'f' Ans Ond]G6 elgG5 . o;nfO{ k]l/of]l8s tflnsfsf] 5'6\6} :yfg
lbOPsf] 5 . (f-orbital df aditinal electron enter x'g]_

 lgDg zlSt z[ª\vnf M k/df0f'df /x]sf k|To]s On]S6«f]gx¿ cfkm"df lgxLt zlStcg';f/
Go'lSno;sf jl/kl/ ljleGg lglZrt zlSt z[ª\vnfdf 3'ld/x]sf x'G5g\ . o;/L On]S6«f]gx¿
lgxLt zlStcg';f/ 3'ld/xg] ljleGg zlSt z[ª\vnfx¿dWo] h'g zlSt z[ª\vnf Go'lSno;sf]
;a}eGbf glhs x'G5, To;nfO{ lgDg zlSt z[ª\vnf elgG5 .

 pRr zlSt z[ª\vnf M h'g zlSt z[ª\vnf Go'lSno;eGbf 6f9f /x]sf] x'G5 To;nfO{ pRr
zlSt z[ª\vnf elgG5 .
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 k]l/of]l8s tflnsfsf] ;d"x I df kg]{ tŒjx¿nfO{ cNsfnL d]6n elgG5 t/ ;d"x II df kg]{
tŒjx¿ cNsfnL cy{d]6n / ;d"x VII df kg]{ tŒjx¿ x]nf]hg x'g\ .

s, p, d / f sf] cy{M

s = sharp

p= principal

d= diffused

f= fundamental

zlSt z[ª\vnf (energy level)

s<p<d<f

;]nsf] ;ª\Vof pk;]n sIf s'n sIfsf] clwstd On]S6«f]g /xg

;ª\Vof ;Sg] ;ª\Vof

1 (K) s s=1 1s s = 2

2 (L) s,p p=3 4s,p p = 6

3 (M) s,p,d d=5 9s,p,d d = 10

4 (N) sp,d,f f=7 16s,p,d,f f = 14

aufbau's principle:
1s
2s 2p
3s 3p 3d
4s 4p 4d 4f
5s 5p 5d
6s 6p
7s

s,p,d / f sf] lgodcg';f/ s]xL tŒjx¿sf] On]S6«f]g ljGof; M

#  gfO6«f]hg -&_–
K - 1s2

L- 2s2 2p3

# ;f]l8od -!!_

K- 1s2

L- 2s2 2p6

M- 3s1
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Eofn]G; On]S6«f]g

 k/df0f'sf] ;a}eGbf aflx/L ;]ndf /x]sf On]S6«f]gx¿sf] ;ª\VofnfO{ Eofn]G; On]S6«f]g
elgG5 . h:t} M lnlyod, ;f]l8od / kf]6fl;od wft'sf k/df0f'x¿sf] clGtd ;]ndf Pp6f
dfq On]S6«f]g x'G5 . ToxL On]S6«f]g g} Eofn]G; On]S6«f]g xf] .

 ;lj|mo wft' M lnlyod (Li), ;f]l8od (Na) / kf]6fl;od (K), tŒjx¿sf] k/df0f'sf] clGtd
;]ndf Pp6f dfq On]S6«f]g ePsf] / /f;folgs k|ltlj|mofdf efu ln“bf cfkm";“u ePsf]
On]S6«f]g ;lhn};“u 5f]8L /f;folgs k|ltlj|mofdf ;lj|mo x'G5 . o;sf/0f logLx¿nfO{
On]S6«f]g 8f]g/ klg elgG5 .

 ;lj|mo cwft' M Snf]l/g (Cl), a|f]ldg (B) / cfof]l8g (I) tŒjx¿sf] k/df0f'sf] clGtd ;]ndf
;ftcf]6f On]S6«f]g ePsf] / /f;folgs k|ltlj|mofdf efu ln“bf logLx¿n] c¿af6 Pp6f
On]S6«f]g k|fKt u/L /f;folgs k|ltlj|mofdf ;lj|mo u'0f k|bz{g ub{5 . o;sf/0f logLx¿nfO{
On]S6«f]g P;]K6/ klg elgG5 .

 lglij|mo Uof; M lxlnod (He), lgof]g (Ne) / cfu{g tŒjx¿sf] k/df0f'sf] clGtd ;]ndf
@ jf * cf]6f On]S6«f]gx¿ /xL ;]n k"0f{ ePsf] x'G5 / /f;folgs k|ltlj|mofdf ;lj|mo
x'“b}g .

lj|mofsnfk

 æljBfyL{x¿nfO{ k]l/of]l8s tflnsfdf tŒjx¿sf] j|md ldnfpg] v]n v]nfpg]Æ

;do M @) ldg]6

:yfg M sIff÷sf]7f

;fdu|L M tŒjx¿sf] gfd n]lvPsf] sf8{ tyf sf8{af]8{ -rf6{ k]k/_

ljlw

 lbOPsf tŒjx¿sf] gfd n]lvPsf sf8{x¿nfO{ k]l/of]l8s tflnsfdf h:t} u/L kf/df0fljs
;ª\Vofsf cfwf/df j|md ldnfpg nufpg] .

 j|md ldnfpg] sfo{ h'g ljBfyL{n] ;j{k|yd k"/f ub{5 . To; ljBfyL{nfO{ klxnf 3f]if0ff u/L
k'/:sf/ k|bfg ug]{ .
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PsfO * /f;folgs k|ltlj|mof (Chemical Reaction)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= ljleGg k|sf/sf /f;folgs k|ltlj|mofx¿ juL{s/0f ug{ .

@= /f;folgs kl/jt{gnfO{ /f;folgs ;dLs/0fsf] ¿kdf n]vL /f;folgs k|ltlj|mofdf x'g]
km/s b/sf] k|bz{g ug{ .

-v_ kl/ro

o; PsfOdf ljBfyL{x¿nfO{ /f;folgs k|ltlj|mofsf] 7f]; wf/0ff lbg / /f;folgs k|ltlj|mof;“u
;DalGwt ljleGg terms x¿;“u kl/lrt u/fpg'kb{5 . o;sf ;fy} /f;folgs kbfy{x¿aLr x'g]
/f;folgs k|ltlj|mofsf] k|s[ltcg';f/ ljleGg ;d"xdf ljefhg ug{, /f;folgs k|ltlj|mofnfO{ zAb
;dLs/0f / ;"q ;dLs/0fdf ;Gt'lnt ¿kdf n]Vg / JofVof ug{, pSt k|ltlj|mofnfO{ k|efj kfg]{
ljleGg tŒjx¿sf (factor) ;DaGwdf k|of]u u/L x]g{ / k|bz{g ug{ ;Sg] Ifdtfsf] ljsf; ug{df
ljz]if hf]8 lbOPsf] 5 .

-u_ z}lIfs ;fdu|Lx¿

 6]:66\o'j, las/, 8«k/, kf]6fl;od Snf]/]6, xfO8«f]Snf]l/s Pl;8, Pdf]lgod xfO8«f]cS;fO8,
DofUg]l;od l/ag, ;f]l8od yfof];Nkm]6, xfO8«f]hg k]/f]cS;f8, kmnfdsf] lsnf, aQL,
;nfO{sf] sf“6L, Çnf; sf8{ .

-3_ lzIf0f l;sfO lj|mofsnfk

/f;folgs k|ltlj|mof

 ljleGg lsl;dsf pbfx/0f lbP/ kbfy{df x'g] ef}lts / /f;folgs kl/jt{gaf/] 5nkmn
ug'{xf];\ . h:t} M b'O{cf]6f sfuhsf] kGgf lnP/ Pp6fnfO{ Roft]/ ;–;fgf 6'j|mf kfg'{xf];\ /
csf]{nfO{ afn]/ b]vfpg'xf];\ . oL b'O{cf]6f k|of]udf b]lvPsf kl/jt{gx¿af/] 5nkmn u/L
/f;folgs kl/jt{g tyf /f;folgs k|ltlj|mof :ki6 kfg'{xf];\ .

 dfly sfuh afNbf x'g] /f;folgs kl/jt{gdf k|ltlj|mof/t kbfy{x¿ / k|ltlj|mofaf6
pTkflbt kbfy{x¿sf ;DaGwdf klxn] JolStut ¿kdf ;f]Rg / n]Vg lbg'xf];\ . To;kl5
hf]8Lhf]8Ldf cfkm"n] n]v]sf s'/fx¿ 5nkmn u/L eGg nufpg'xf];\ .
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 k|ltlj|mof/t kbfy{x¿, jf0f lrÅg / pTkflbt kbfy{x¿ n]lvPsf Çnf;sf8{ lgDgfg';f/
af]8{df 6f“:g'xf];\ M

k|ltlj|mof/t kbfy{x¿ pTkflbt kbfy{x¿

pSt sf8{sf cfwf/df /f;folgs k|ltlj|mofnfO{ cleJoSt ug{ ;dLs/0fdf n]Vbf efu lng]
kbfy{x¿ / pTkflbt kbfy{x¿ s;/L / sxf“ n]Vg] :ki6 kfg'{xf];\ .

;Gt'lnt /f;folgs ;dLs/0f

 ljleGg tŒj tyf of}lusx¿sf] pbfx/0f lbO{ c0f' ;"qaf/] k|:6 kfg'{xf];\ .

 Pp6f DofUg]l;od l/agsf] 6'j|mfnfO{ xfjfdf afn]/ k|bz{g ug'{xf];\ .

 pSt k|of]udf x'g] /f;folgs k|ltlj|mofnfO{ zAb / ;"q ;dLs/0f n]Vg k|f]T;flxt ug'{xf];\ .

 ljleGg ;Gt'lnt / c;Gt'lnt /f;folgs ;dLs/0fsf] pbfx/0f k|:t't u/L ;Gt'lnt
;dLs/0fsf] cy{ jf kl/efiff :k:6 kfg'{xf];\ .

 ;Gt'lnt /f;folgs ;dLs/0f n]Vg] tl/sfaf/] pbfx/0f;lxt 5nkmn ug'{xf];\ .

 lx6 PG8 6«fon (hit and trial) tl/sfaf6 /f;folgs ;dLs/0f ;Gt'ng ug]{af/] ljleGg
pbfx/0f;lxt :ki6 kfg'{xf];\ .

 /f;folgs ;dLs/0f n]Vbf k|of]u x'g] ;ª\s]tx¿ pbfx/0f;lxt k|:6;“u atfOlbg'xf];\ .

/f;folgs k|ltlj|mofsf sf/s tŒjx¿

 /f;folgs k|ltlj|mofsf sf/s tŒjx¿ eg]sf] s] xf] < tL sf/s tŒjx¿ s]s] x'g ;S5g\
h:tf k|Zgx¿ u/L Brainstorming u/fpg'xf];\ .

 k|To]s sf/s tŒjx¿sf ;DaGwdf pbfx/0f k|bz{g ub}{ 5nkmn ug'{xf];\ . -;Dej eP
k|of]u u/]/ b]vfpg'xf];\ ._

 ljleGg pbfx/0f k|:t't u/L pTk|]/ssf] kl/efiff eGg nufpg'xf];\ . -;Dej eP ljBfyL{x¿nfO{
% ;d"xdf ljefhg u/L k|To]s ;d"xnfO{ PsPscf]6f pTk|]/ssf ;DaGwdf kf7\ok':ts
cWoog u/L k|:t't ug{ nufpg'xf];\ ._

/f;folgs k|ltlj|mofsf lsl;dx¿

 ljBfyL{x¿nfO{ /f;folgs k|ltlj|mofsf lsl;dx¿sf] ;"rL agfpg nufpg'xf];\ .

 Ps 6'j|mf DofUg]l;odnfO{ afnL k|bz{g ug'{xf];\ . pSt /f;folgs k|ltlj|mofsf cfwf/df
;+of]hg k|ltlj|mofaf/] 5nkmn ug'{xf];\ .
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 xfO8«f]hg k]/f]cS;fO8df DoflUgh 8fOcS;fO8 ld;fp“bf x'g] /f;folgs k|ltlj|mof cjnf]sg
u/fpg'xf];\ . ;f]sf cfwf/df ljR5]bg k|ltlj|mofaf/] :ki6 kfg'{xf];\ .

 xfO8«f]Snf]l/s cDn of lhª\s wft'sf aLr x'g] /f;folgs k|ltlj|mofsf] k|of]u cjnf]sg
u/fO{ lj:yfkg k|ltlj|mofaf/] 5nkmn u/fpg'xf];\ .

 Pp6f k/LIf0f gnLdf 8«k/sf] ;xfotfaf6 lnOPsf] xfO8«f]Snf]l/s cDndf ;f]l8od
xfO8«f]S;fO8sf] s]xL yf]kf ld;fp“bf x'g] k|ltlj|mofsf] cjnf]sg u/fO{ cDn / Iff/
/f;folgs k|ltlj|mofaf/] 5nkmn ug'{xf];\ . -olb ;Dej eP workstation activity af6 dflysf]
lj|mofsnfk u/fpg'xf];\ ._

tfkbfos / tfkzf]ifs k|ltlj|mof

 tfkbfos / tfkzf]ifs k|ltlj|mofsf kf7 s]xL ;do k9\g nufpg'xf];\ .

 tfkbfos / tfkbfos k|ltlj|mof s]nfO{ elgG5 < k|:t't u/L lhª\sk]k/ /fv]/ lj|mofsnfk
u/fpg'xf];\ / ljleGg pbfx/0fåf/f k|:6 kfg'{xf];\ .

 /f;folgs ;dLs/0faf6 k|fKt ug{ ;lsg] hfgsf/Lx¿ / o;sf] ;Lldttfaf/] ;d"x sfo{
u/fpg'xf];\ .

 k|To]s ;d"xnfO{ lgisif{ eGg nufpg'xf];\ . csf]{ ;d"xnfO{ /rgfTds ;'emfj lbg nufpg'xf];\ .

 cGTodf 5nkmnaf6 cfPsf a'“bfx¿sf cfwf/df :ki6 kfg'{xf];\ .

/f;folgs k|ltlj|mof b/

 k':tssf] lj|mofsnfk 8.1 u/fpg'xf];\ .

 k|of]usf] glthfsf cfwf/df /f;folgs k|ltlj|mof b/af/] k|:6 kfg'{xf];\ .

-ª_ d"Nofª\sg

!= lnlvt tyf df}lvs k|Zgf]Q/ ug'{xf];\ .

h:t} M

 /f;folgs k|ltlj|mof s]nfO{ elgG5 <

 ;Gt'lnt /f;folgs ;dLs/0f s;/L n]lvG5 <

 tn lbOPsf ;dLs/0f cjnf]sg u/L s'g k|sf/sf] /f;folgs k|ltlj|mof xf], 5'6\ofpg'xf];\ M
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(i) Zn + H2SO4  ? ZnSO4 + H2

(ii) 2kclo3

MnO2 2Kcl + 3O2

@= k|of]ufTds lj|mofsnfk ug{ nufP/ d"Nofª\sg ug'{xf];\ .

#= DofUg]l;odsf] lkmtfnfO{ xfjfdf afNg nufpg'xf];\ / ;f] k|ltlj|mofdf x'g] ;dLs/0f ;Gt'lnt
¿kdf n]Vg nufpg'xf];\ .

$= ;d"xut sfo{x¿df ljBfyL{x¿sf] ;xeflutfsf cfwf/df d"Nofª\sg ug'{xf];\ .

%= kf7\ok':tsdf lbOPsf cEof;x¿ u/fpg'xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

 ef}lts kl/jt{g, /f;folgs kl/jt{g / /f;folgs k|ltlj|mof

 h'g kl/jt{gdf kbfy{sf c0f'x¿sf] agfj6 tyf u'0fdf kl/jt{g x'“b}g To;k|sf/sf]
kl/jt{gnfO{ ef}lts kl/jt{g elgG5 . h:t} M kfgLaf6 a/km aGg' . of] kl/jt{g c:yfoL
x'G5 .

 h'g kl/jt{gdf kbfy{sf c0f'x¿sf] agfj6 tyf u'0fdf k"0f{ ¿kn] kl/jt{g x'G5 eg]
To;k|sf/sf] kl/jt{gnfO{ /f;folgs kl/jt{g elgG5 . h:t} M lrgLnfO{ ttfpg' . of]
kl/jt{g :yfoL x'G5 .

 Uof;nfO{ cf0fljs ¿kdf n]lvG5, h;nfO{ 8foP6lds elgG5 . h:t} M N2, O2

cflb .

 k|s[ltdf w]/} lsl;dsf /f;folgs kl/jt{g eO/xG5g\ . /f;folgs kl/jt{gn] ubf{ gof“ kbfy{x¿
aG5g\ . /f;folgs kl/jt{g k|sfz, tfk, ljB't\ jf cDnsf] c;/af6 x'g ;S5 . /f;folgs
kl/jt{gnfO{ g} /f;folgs k|ltlj|mof (chemical reaction) elgG5 .

 ;Gt'lnt /f;folgs ;dLs/0f

 /f;folgs k|ltlj|mofdf efu lng] tŒj jf of}lusx¿ / k|ltlj|mofkl5 ag]sf gof“ tŒjx¿
jf of}lusx¿nfO{ klg ;ª\s]t / c0f' ;"qn] hgfpg] ljlwnfO{ /f;folgs ;dLs/0f
elgG5 .

 c0f'x¿nfO{ ;"lrt ug]{ k/df0f'x¿sf] ;ª\s]t ;d"xnfO{ c0f' ;"q elgG5 . ;Gt'lnt
/f;folgs ;dLs/0f n]Vg] tl/sf M

?
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– /f;folgs k|ltlj|mofdf efu lng] tŒj jf of}lusnfO{ reactant elgG5, h;nfO{ zAb
;dLs/0fn] n]lvG5 .

– /f;folgs k|ltlj|mofkl5 ag]sf kbfy{x¿nfO{ products elgG5 . reactants / products

aLr jf ?  lrÅg = /flvG5 .

– tfk lbPsfnfO{  lrÅgn] hgfp“5g\ .

xfjfeGbf xn'sf] Uof;nfO{ ? lrÅgn] / lylu|Psf] c3'ng j:t'nfO{ ? lrÅgn] hgfOG5 .

– 7f];, t/n, Uof; / kfgLdf ag]sf] 3f]nnfO{ j|mdzM (s), (l), (g) / (aq) n]lvG5 .

– lbOPsf] zAb ;dLs/0fnfO{ ;"q ;dLs/0fdf kl/jt{g u/L o;/L k|fKt ;dLs/0fnfO{
:s]ln6g OSj];g (skeleton equation) elgG5 .

– bfof“ / afof“lt/sf tŒjsf k/df0f'x¿nfO{ a/fa/ ug'{kb{5, h:t} M

-s_ kclo3 ? kcl + o2 (skeleton equation)

-v_ kclo3 ? kcl + 3o2 (atomic equation)

-u_ 2kclo3 ? kcl + o2 (skeleton equation)

-3_ 2kclo3 ? 2kcl + 302 (molecular equation)

– Uof;x¿nfO{ ;dLs/0fdf k/df0f's} ¿kdf /fvL ;Gt'ng ul/G5 . o;nfO{ P6f]lds
OSj];g elgG5 .

 /f;folgs ;dLs/0fnfO{ lx6 PG8 6«fon ljlwafx]s kfl;{Pn ljlwaf6 klg ;Gt'ng ug{
;lsG5 . o:tf] ljlw hl6n /f;folgs ;dLs/0fnfO{ ;Gt'ng ug{ k|of]u ul/G5 . o;
ljlwdf /f;folgs ;dLs/0fnfO{ b'O{ jf b'O{eGbf a9L cj:yfdf n]vL cfjZos ;ª\Vofn]
u'0fg u/L ;Gt'ng ul/G5 . h:t} M

Cu + 2HNO3 ? Cu(NO3)2 + 2H

2HNO3 + 2H ? 2NO2 + 2H2O

Cu + 4HNO3 ? Cu(NO3)2  + 2NO2  + 2H2O

/f;folgs k|ltlj|mofsf sf/s tŒjx¿ / pTk|]/s

 /f;folgs k|ltlj|mofsf sf/s tŒjx¿dWo] sDkg klg Ps xf] . Pl;l6lng 6'lj|mPkl5 sfa{g
/ xfO8«f]hgsf ;fy} 7"nf] cfjfh lg:sG5 .
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 ah]{lnc; (Berzelius) n] ;g\ !*#% df /f;folgs k|ltlj|mofsf] j]u aflx/L kbfy{sf] pkl:yltn]
ubf{ a9\5 eGg] s'/f k|:t't u/L pSt kbfy{nfO{ pTk|]/s (catalyst) egL gfds/0f u/] .

 pTk|]/sx¿nfO{ rf/ ju{df juL{s/0f ul/Psf 5g\ M

-s_ ;sf/fTds pTk|]/s -v_ gsf/fTds pTk|]/s

-u_ c6f] pTk|]/s (auto catalyst) -3_ OG8'h pTk|]/s (induced catalyst)

– /f;folgs k|ltlj|mofkl5 pTkGg ePsf] kbfy{n] pTk|]/ssf] sfd u5{ eg] To;nfO{ c6f]
pTk|]/s elgG5, h:t} M

CH3 COOC2H5 + H2O CH3COOH+C2H5OH

– ha Pp6f k|ltlj|mofsf] c;/ csf]{ k|ltlj|mofsf] j]udf k5{ h'g ;fwf/0f cj:yfdf x'“b}g
eg] To;k|sf/sf] pTk|]/snfO{ OG8'h Sof6fln:6 elgG5 .

/f;folgs k|ltlj|mofsf lsl;dx¿

 h'g k|ltlj|mofdf k/df0f'x¿n] On]S6«f]g 5f]8\5g\, To;nfO{ clS;8];g k|ltlj|mof elgG5
t/ h'g k|ltlj|mofdf k/df0f'x¿n] On]S6«f]g nfe ub{5 eg] To; k|sf/sf] k|ltlj|mofnfO{
l/8S;g k|ltlj|mof elgG5 . h:t} M

2Mg +O2 ? 2Mg++ O- -

2.8.2 2,8

pko'{St pbfx/0fdf DofUg]l;od / clS;hgsf] k|ltlj|mofsf] kmn:j¿k DofUg]l;od cS;fO8
aGbf DofUg]l;odn] b'O{cf]6f On]S6«f]g 5f]8\5 / clS;hgn] b'O{cf]6f On]S6«f]g nfe u5{ .
o;}n] DofUg]l;od clS;8];g / clS;hgdf l/8S;g k|ltlj|mof ePsf] xf] .

 tfkbfos / tfkzf]ifs k|ltlj|mof / /f;folgs ;dLs/0faf6 k|fKt hfgsf/Lx¿÷cf0fljs
ef/ / df]n (mele) .

 h'g ;dLs/0fn] tfk lbg] / lng] /f;folgs k|ltlj|mofsf] ;ª\s]t ub{5 eg] To;nfO{
ydf]{s]ldsn ;dLs/0f elgG5 .

h:t} M N2 + O2  ? 2NO - 43000 Cal

C + O2 ? CO2 + 94,300 Cal

 tfkbfos k|ltlj|mofnfO{ wgfTds lrÅgn] ;ª\s]t ub{5 .
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 tfkzf]ifs k|ltlj|mofnfO{ C0ffTds lrÅgn] ;ª\s]t ub{5 .

 Pef]uf8«f]sf] ljrf/cg';f/ tfkj|md / rfk ;dfg ePsf] cj:yfdf a/fa/ cfotg ePsf
;a} Uof;x¿df ;dfg ;ª\Vofdf c0f'x¿ x'G5g\ . Ps df]n Uof;df x'g] gDa/nfO{ Pef]uf8«f]sf]
gDa/ elgG5 .

)=#&&$ u|fd l;Ne/ gfO6«]6sf] 3f]ndf cTolws dfqfdf xfO8«f]Snf]l/s Pl;8 ld;fp“bf slt
tf}n a/fa/sf] l;Ne/ Snf]/fO8 k|fKt x'G5 <

{kf=ef= H= ! / Cl = #%=%, Ag = !)* N= !$ / O= !^}

AgNO3 + HCl ? AgCl + HNO3

-!)* + !$ + # x !^_ -!)* + #%=%_

= !&) u|fd = !$#=% u|fd

!&) u|fd l;Ne/ gfO6«]6n] !$#=% u|fd l;Ne/ Snf]/fO8 lbG5 .

)=#&&$ u|fd l;Ne/ gfO6«]6n]
!$#=% u|fd x )=#&&$ u|fd

!&) u|fd

= )=#!*^ u|fd l;Ne/ Snf]/fO8

 /f;folgs ;dLs/0fsf] ;Lldttf tyf /f;folgs k|ltlj|mofsf] b/

 ;fwf/0f /f;folgs ;dLs/0fdf reactant / product x¿sf] ef}lts cj:yfx¿af/] ;ª\s]t
u/]sf] x'“b}g . of] ;LldttfnfO{ lg/fs/0f ug{ ef}lts cj:yfdf (s), (l) / (g) cIf/ /flvG5 .
h:t} M

2H2 (g) + O2 (g) ?  2H2O(l)

lj|mofsnfk

/f;folgs k|ltlj|mofsf] b/df pTk|]/s c;/ .

;fdu|L

 sf]lgsn Çnf:s, l;l/~h, xfO8«f]hg k]/f]S;fO8 / DoflUgh 8fOcS;fO8 .

=
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ljlw

lnOPsf b'O{cf]6f sf]lgsn ÇnfS;x¿dWo] Pp6f sf]lgsn Çnf:sdf s]xL Dofulgh 8fOcS;fO8
lng]  . To;kl5 b'j} sf]lgsn Çnf:sdf l;l/~hsf] ;xfotfn] xfO8«f]hg k]/f]S;fO8 ld;fP/ ljBfyL{x¿nfO{
cjnf]sg u/fpg] .

ljZn]if0f

s'g sf]lgsn Çnf:saf6 a9L Uof; lg:sG5 eGg] s'/f cjnf]sg u/fO{ pTk|]/ssf] e"ldsfaf/]
5nkmn ug]{ .
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PsfO ( cDn, Iff/ / nj0f (Acid, Base & Salt)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= cDn, Iff/ / nj0fsf] kl/efiff lbg .

@= cDn, Iff/ / nj0fx¿sf] ;fdfGo u'0fx¿ j0f{g ug{ .

#= Iff/ / cNsflndf km/s 5'6\ofpg .

$= b}lgs hLjgdf cDn, Iff/ / nj0fx¿sf] pkof]uaf/] j0f{g ug{ .

-v_ kl/ro

cDn, Iff/ / nj0f j}1flgs k|of]uzfnfdf lg/Gt/ ¿kdf k|of]udf cfO/xg] /f;folgs kbfy{x¿
x'g\ . To:t}u/L dfgj hLjgsf] b}lgs k|of]udf klg oL /;fogx¿ plQs} dxŒjk"0f{ 5g\ . To;}n]
of] PsfOdf ljBfyL{x¿nfO{ oL /;fogx¿sf af/]df cfwf/e"t 1fg lbg, ltgLx¿sf] klxrfg ug{
/ k|of]udf Nofpg ;Sg] Ifdtfsf] ljsf; ug{df hf]8 lbg'kg]{ 5 . ;fy} pH dfgsf] cfwf/df df6f]sf]
k/LIf0f ug{ ;Sg] Jofjxfl/s ;Lksf] ljsf;df klg plQs} Wofg lbg'kg]{ 5 .

-u_ z}lIfs ;fdu|Lx¿

6]:66\o'a, 8«k/, xfO8«f]Snf]l/s cDn, ;NÇo'l/s cDn, gfOl6«s cDn, ;f]l8od xfO8«f]S;fO8, ;f]l8od
Snf]/fO8, Pdf]lgod xfO8«f]cS;fO8, sfutL, leg]uf/, ln6d;k]k/ -/ftf], lgnf]_ ldyfOn
cf]/]Gh, km]gf]NÇyflng, o'lge;{n OlG8s]6/ PH :s]n, Pl;l6s cDn, DofUg]l;od l/ag, lkmN6/
k]k/, v/fgL .

-3_ lzIf0f l;sfO lj|mofsnfk

 cDn, Iff/ / nj0fx¿af/] ljBfyL{x¿;“u k|Zgf]Q/ u/L hfgsf/L lbg'xf];\ .

 sfutL, leg]uf/, r/Lcldnf], xfO8«f]Snf]l/s cDn, ;NÇo'l/s cDn, gfOl6«s cDn, Pl;l6s
cDnx¿ k|bz{g u/L ljleGg cDnx¿ lrgfpg'xf];\ .

 tL cDnx¿nfO{ s8f, g/d, k|fª\ufl/s cDn, ck|fª\ufl/s cDndf 5'6\ofpg nufpg'xf];\ /
ltgLx¿sf af/]df :ki6 kfg'{xf];\ .

 dfgj z/L/sf] cfdf;odf pTkfbg x'g] cDnsf af/]df 5nkmn ug'{xf];\ .
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 dfly k|blz{t j:t'x¿nfO{ lsg cDn elgPsf] xf] < s] ;a} cDnx¿ cldnf x'G5g\ h:tf
k|Zg u/L Brainstorming u/fpg'xf];\ / cDnsf] kl/efiff pbfx/0f;lxt k|:t't ug'{xf];\ .

 s8f / g/d cDn 5'6\ofpg lj|mofsnfk 9.1 u/fpg'xf];\ .

 cDnsf u'0fx¿sf] lzIf0f ug{ work station lj|mofsnfk u/fpg'xf];\ .

 4 cf]6f work station lgwf{/0f ug'{xf];\ .

 Pp6fdf lgnf] ln6d; k]k/, ldyfOn cf]/]Gh, kmf]gf]NÇyflng / s]xL cDnx¿ k/LIf0f gnLdf
/fVg'xf];\ . o;}u/L j|mdzM DofUg]l;od l/ag / cDnx¿, ;f]l8od sfaf]{g]6 / ;f]l8od
xfO8«f]cS;fO8 / Pl;8x¿ k/LIf0f gnLdf /fVg'xf];\ .

 k|To]s work station df ljBfyL{x¿ a/fa/ x'g] u/L /fVg'xf];\ .

 k|To]s ;d"xnfO{ cfÇgf] Station df o;sf /;fogx¿aLr k|of]u u/L cjnf]sg / lgisif{
l6Kg  nufpg'xf];\ . olb ;do ePdf k|To]s ;d"xnfO{ k|To]s work station df uP/ lj|mofsnfk
ug{ nufpg'xf];\ . ;do sd ePdf ;d"x sfo{sf] ¿kdf lj|mofsnfk cufl8 a9fpg'xf];\ .

 dflysf] lj|mofsnfksf cfwf/df cDnsf u'0fx¿ k|:6 kfg'{xf];\ .

 s'g–s'g cDn s]sf nflu k|of]u ul/G5 < 5nkmn ug'{xf];\ .

Iff/x¿

 s]xL Iff/x¿, h:t} M ;f]l8od xfO8«f]cS;fO8, kf]6fl;od xfO8«f]cS;fO8 cflb b]vfpg'xf];\ .

 Pdf]lgod xfO8«f]cS;fO8, v/fgL, s]xL wft'sf cS;fO8 k|bz{g u/L Iff/x¿ lrgfpg'xf];\ .

 Iff/ / lkmsf ;NÇo'l/s cDnaLr /f;folgs k|ltlj|mof u/fP/ cjnf]sg ug{ nufO{
Iff/sf] kl/efiff eGg nufpg'xf];\ .

 Iff/x¿nfO{ kfgLdf 3'nfO{ kfgLdf 3'Ng] / g3'Ng] Iff/ 5'6\ofpg nufpg'xf];\ / kfgLdf 3'Ng]
Iff/x¿nfO{ cNsfnL elgG5 egL :ki6 kfg'{xf];\ .

 lj|mofsnfk 9.2 u/fpg'xf];\ / k|of]usf] lgisif{af/] 5nkmn ug'{xf];\ .

 Iff/sf u'0fx¿af/] ;d"x sfo{ jf work station lj|mofsnfk u/L k|:6 kfg'{xf];\ .

 s'g Iff/ s] sfdsf nflu k|of]u ul/G5 k|Zgf]Q/ u/L Iff/sf] k|of]uaf/] atfOlbg'xf];\ .

nj0fx¿ / o'lge;{n ;"rs kbfy{

 ljleGg k|sf/sf nj0fx¿, h:t} M Nacl, KHCO3, CaSO4, 2nSO4 cflbnfO{ k|bz{g u/L
lrgfpg'xf];\ .
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 nj0f s;/L aG5 < h:tf k|Zg u/L 5nkmn u/fpg'xf];\ / ljBfyL{x¿af6 nj0fsf] kl/efiff
eGg k|f]T;flxt ug'{xf];\ .

 Acid radical / Basic radical pbfx/0fåf/f k|:6 kfg'{xf];\ .

 :jfb, /ª, ln6d; k]k/;“usf] k|ltlj|mof, 3'ngzLntf, s8f, g/d h:tf nj0fsf u'0fx¿sf]

k/LIf0f u/L cjnf]sg ug{ nufpg'xf];\ . k|of]usf] glthfsf cfwf/df nj0fsf u'0fx¿sf]

;"rL agfpg nufpg'xf];\ .

 nj0f aGg] k|lj|mofx¿sf ljleGg pbfx/0f k|:t't u/L 5nkmn ug'{xf];\ .

 s'g nj0f s] sfdsf nflu k|of]u ul/G5 < 5nkmn ug'{xf];\ .

 ljleGg OlG8s]6/x¿, h:t} M ln6d;k]k/, ldyfOn cf]/]Gh, km]gf]NÇyflng cflbnfO{ cDn,

Iff/ / nj0fdf 8'afO{ ltgLx¿n] b]vfpg] /ª cjnf]sg ug{ nufpg'xf];\ . ljleGg dfWoddf

OlG8s]6/x¿n] b]vfPsf] /ªsf] rf6{ agfpg nufpg'xf];\ .

 tL OlG8s]6/x¿n] cDn jf Iff/ slt s8f jf g/d 5 5'6\ofpg ;Sg]÷g;Sg]af/] 5nkmn

u/L o'lge;{n ;"rs kbfy{sf af/]df :ki6 kfg'{xf];\ .

 pH Scale sf] rf6{ k|:t't u/L o'lge;{n OlG8s]6/n] s;/L cDn jf Iff/sf] s8fkg gfK5,

k|bz{g u/]/ b]vfpg'xf];\ .

 k':tsdf lbOPsf] cEof; u/]/ x]/L l;Sg'xf];\ . lj|mofsnfk u/fO{ df6f]sf] PH dfg / ljleGg

vfB j:t'x¿df x'g] PH kQf nufpg nufpg'xf];\ .

-ª_ d"Nofª\sg

ljleGg df}lvs tyf lnlvt k|Zgx¿ ug'{xf];\, h:t} M

!= cDn, Iff/ / nj0f s]nfO{ elgG5 <

@= cDnsf u'0fx¿ s]s] x'g\ <

#= xfd|f] cf;kf;df kfOg] s]xL cDnx¿sf] gfd eGg'xf];\ .

$= cNsfnL s]nfO{ elgG5 <

%= lg/fs/0f k|ltlj|mof eg]sf] s] xf] <

^= ljleGg cDn, Iff/ / nj0fx¿sf] gfksf] Çnf; sf8{ b]vfO{ cDn, Iff/ jf nj0f s] xf] <

lrGg nufpg'xf];\ .



lzIfs lgb]{lzsf, lj1fg, sIff – !) 61

&= OlG8s]]6/x¿n] b]vfpg] /ªsf cfwf/df cDn, Iff/ jf nj0f 5'6\ofpg nufpg'xf];\ .

*= df6f]sf] cDnLokgf a9]sf] b]lvPdf To;nfO{ sd ug{ s] ug'{k5{ h:tf Jofjxfl/s k|Zgx¿

ug'{xf];\ . Jofjxfl/s ;Lkx¿sf] d"Nofª\sg ug'{xf];\ .

(= kf7\ok':tsdf lbOPsf cEof;x¿ xn ug{ nufpg'xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

cDn

 kfgLdf 3'Nbf xfO8«f]hg cfof]g (H+) lbg] kbfy{ cDn xf] .

 ljleGg vfB j:t'df kfOg] cDnx¿

vfB j:t' kfOg] cDn

r/L cldnf] cshflns Pl;8

leg]u/ Pl;l6s Pl;8

sfutL÷uf]ne]“8f ;fOl6«s Pl;8

ef]u6] 6f6f{l/s Pl;8

cdnf P:sla{s Pl;8

bxL÷lau|]sf] b"w NoflS6«s Pl;8

;f]8f kfgL sfaf]{lgs Pl;8

 sfaf]{clS;n ;d"x (COOH) ePsf] cDnnfO{ k|fª\ufl/s cDn elgG5, h:t} M kmld{s Pl;8

(HCOOH), Pl;l6s Pl;8 (CH3COOH) .

 sfa{g -cª\uf/_ gePsf cDnnfO{ ck|fª\ufl/s cDn elgG5, h:t} M ;Nkm'l/s Pl;8

(H2SO4), gfOl6«s Pl;8 (HNO3) .

 cDnsf] k|of]u M sk8f /ª\ufpg, wft'x¿ ;kmf ug{, cf}ifwL agfpg, /f;folgs dn agfpg

cflb .

Iff/

 kfgLdf 3'Nbf xfO8«f]lS;n cfog (OH) lbg] kbfy{nfO{ Iff/ elgG5 .

 cDn / Iff/aLr x'g] k|ltlj|mofnfO{ lg/fs/0f k|ltlj|mof jf t6:yLs/0f k|ltlj|mof elgG5 .
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 kfgLdf 3'ngzLn Iff/nfO{ cNsfnL elgG5 .

 Iff/sf] k|of]u M /;fogsf ¿kdf /f;folgs dn agfpg, ;fa'g agfpg tyf cf}ifwLsf]

¿kdf k|of]u ug{ .

nj0f

 nj0f Pp6f o:tf] of}lus xf], h'g cDndf ePsf] xfO8«f]hgnfO{ wft' jf On]S6«f]kf]lhl6e

/]l8snn] k"0f{ jf cf+lzs ¿kdf lj:yfkg u/L ag]sf] x'G5 .

(i) H2So4 + NaOH ? NaHSO4 + H2O -cf+lzs_

(ii) H2SO4 + 2NaOH ? Na2SO4 + 2H2O -k"0f{_

 ;f]l8od Snf]/fO8, DofUg]l;od ;Nkm]6 cflb kfgLdf 3'ngzLn x'g] nj0fx¿ x'g\ .

 n]8 ;Nkm]6, sk/ ;Nkm]6 cflb nj0fx¿ kfgLdf c3'ngzLn nj0fx¿ x'g\ .

 nj0fsf] 3f]nn] s'g} klg OlG8s]6/dfly k|ltlj|mof b]vfp“b}g .

 g'gsf] k|of]u M vfgsf nflu (NaCl), ls6gfzs cf}ifwL (CuSO4), cf}ifwLsf] ¿kdf (MgSO4)

tyf ljleGg k|sf/sf /ªx¿ pTkfbg ug{ .

 pH :s]nsf] k|of]u

 cDn / Iff/ lrGgsf lglDt k|of]u ul/g] kbfy{nfO{ OlG8s]6/ elgG5 .

 ;fwf/0f OlG8s]6/x¿sf] ld>0fnfO{ o'lge;{n OlG8s]6/ elgG5 .

 pH eGgfn] cDn jf Iff/sf] zlSt gfKg] o'lge;{n OlG8s]6/ xf] . cDn / Iff/sf]

zlSt gfKg pH :s]nsf] k|of]u ul/G5 .

 df6f] la?jfx¿

 cDnLo u'/f“;, x+;/fh, Phf]nf

 cNsnfOg k}o"“, w'kL, cd|];f, ef]hkq

 t6:y ds}, ;'tL{, pv', skmL, aGbfsf]eL, ufh/
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PsfO !) s]xL Uof;x¿ (Some Gasses)

cg'dflgt 3G6L M ^ 3G6L

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ sfa{g8fOcS;fO8 / Pdf]lgof Uof;sf] lgdf{0f, u'0fx¿ /

pkof]lutf j0f{g ug{ ;Ifd x'g] 5g\ M

-v_ kl/ro

o; PsfOaf6 ljBfyL{x¿df sfa{g8fOcS;fO8 Uof; / Pdf]lgof Uof; pTkfbg ug]{ /f;folgs
kbfy{x¿ klxrfg ug]{ / k|of]uzfnfdf tL Uof;x¿ tof/ u/L b]vfpg ;Sg] Ifdtfsf] ljsf;
ug{df hf]8 lbOPsf] 5 . o;sf ;fy} tL Uof;x¿sf] ef}lts / /f;folgs u'0fx¿;“u kl/lrt x'g
/ cf}Bf]lus :t/df pTkfbg ug]{ tl/sfsf] ;fdfGo hfgsf/L lbg ;Sg] Ifdtfsf] ljsf;
ljBfyL{x¿df ug{df hf]8 lbOPsf] 5 .

-u_ z}lIfs ;fdu|Lx¿

r'g 9'ª\uf, xfO8«f]Snf]l/s cDn, Pdf]lgod sfaf]{g]6, Pdf]lgod Snf]/fO8, ;f]l8od xfO8«f]cS;fO8,
ly;nkmg]n, pNkmaf]tn, 8]lne/L 6\o'j, Uof; hf/, xf8{ Unf; 6]:66\o'j, ag{/, :6\ofG8 .

-3_ lzIf0f l;sfO lj|mofsnfk

sfa{g8fOcS;fO8

 sfa{g8fOcS;fO8 Uof;sf af/]df kl/rofTds 5nkmn ug'{xf];\ .

 k|of]uzfnfdf sfa{g8fOcS;fO8 Uof; s;/L agfOG5 k|bz{g u/L b]vfpg'xf];\ . pSt of;
pTkGg x'“bf x'g] /f;folgs k|ltlj|mof ;DaGwdf :ki6 kfg'{xf];\ .

 ljBfyL{x¿nfO{ sfa{g8fOcS;fO8 Uof; agfpg] tl/sfsf] lrq agfO{ n]jlnª ug{
nufpg'xf];\ .

 sfa{g8fOcS;fO8 Uof;sf] pTkfbg ug]{ cGo tl/sfx¿af/] pbfx/0f;lxt k|:6 kfg'{xf];\ .

 sfa{g8fOcS;fO8sf] cf}Bf]lus pTkfbg kf7 k9\g nufpg'xf];\ / sfa{g8fOcS;fO8sf]
pTkfbgaf/] k|Zgf]Q/ u/L k|:6 kfg'{xf];\ .

 Quick lime, Slaked line / Line water ;DaGwdf Brain storming u/L k|:6 kfg'{xf];\ .
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sfa{g8fOcS;fO8sf u'0fx¿ tyf pkof]lutf

 sfa{g8fOcS;fO8sf u'0fx¿ kf7 k9\g nufpg'xf];\ .

 o;sf ef}lts u'0fx¿ s]s] x'g\ < JolStut ¿kdf s'g} PsPscf]6f af]8{df n]Vg nufpg'xf];\ .

 /f;folgs u'0fx¿sf ;DaGwdf k|of]u u/L b]vfP/ 5nkmn ug'{xf];\ .

 sfa{g8fOcS;fO8 Uof; s]s] sfddf k|of]u ul/G5 egL k|Zg ug'{xf];\ / lglZrt ;do
lbP/ k|To]snfO{ cfÇgf] sfkLdf n]Vg nufpg'xf];\ .

 b'O{b'O{ jf tLgtLg hgfsf] ;d"xdf cf–cfk"mn] n]v]sf s'/fx¿ Psfsf{df 5nkmn ug{
nufpg'xf];\ .

 ;d"xsf] lgisif{ eGg nufpg'xf];\ .

 u/L, x]/L l;Sg'xf];\ / lj|mofsnfk klg ug{ nufpg'xf];\ .

Pdf]lgof

 Pdf]lgof Uof;sf af/]df kl/rofTds 5nkmn ug'{xf];\ .

 k|of]uzfnfdf Pdf]lgof Uof; s;/L agfOG5, k|bz{g u/L b]vfpg'xf];\ . pSt Uof; pTkGg
x'“bf x'g] /f;folgs k|ltlj|mof ;DaGwdf :ki6 kfg'{xf];\ .

 ljBfyL{x¿nfO{ Pdf]lgof Uof; agfpg] tl/sfsf] lrq agfO{ n]jlnª ug{ nufpg'xf];\ .

 Pdf]lgof Uof;sf] pTkfbg ug]{ cGo tl/sfx¿af/] pbfx/0f;lxt k|:6 kfg'{xf];\ .

Pdf]lgofsf u'0fx¿ tyf pkof]lutf

 Pdf]lgofsf  u'0fx¿ kf7 k9\g nufpg'xf];\ .

 o;sf ef}lts u'0fx¿ s]s] x'g\ < JolStut ¿kdf s'g} PsPscf]6f af]8{df n]Vg
nufpg'xf];\ .

 /f;folgs u'0fx¿sf ;DaGwdf pbfx/0f;lxt k|:6 kfg'{xf];\ . ;Dej eP k|of]u u/]/ b]vfO{
5nkmn ug'{xf];\ .

 Pdf]lgofsf  Uof; s]s] sfddf k|of]u ul/G5 egL k|Zg ug'{xf];\ / lglZrt ;do lbP/
k|To]snfO{ cfÇgf] sfkLdf n]Vg nufpg'xf];\ .

 b'O{b'O{ jf tLgtLg hgfsf] ;d"xdf cf–cfkm"n] n]v]sf s'/fx¿ Psfsf{df 5nkmn ug{
nufpg'xf];\ .

 ;d"xsf] lgisif{ eGg nufpg'xf];\ .
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 u/L, x]/L l;Sg'xf];\ / lj|mofsnfk klg ug{ nufpg'xf];\ .

-ª_ d"Nofª\sg

tn lbOPsf df}lvs tyf lnlvt k|Zgx¿ ug{ / eGg nufO{ d"Nofª\sg ug'{xf];\ M

 sfa{g8fOcS;fO8 Uof; k|of]uzfnfdf s;/L tof/ ul/G5 <

 Pdf]lgofsf  Uof; k|of]uzfnfdf s;/L tof/ ul/G5 <

 r'gkfgL s]nfO{ elgG5 < of] s;/L tof/ ul/G5 <

 Pdf]lgofsf Uof;sf] k|of]ux¿ atfpg nufpg'xf];\ .

 Pdf]lgofsf / cGo /;fogx¿;“u x'g] k|ltlj|mofx¿sf] /f;folgs ;dLs/0f n]Vg
nufpg'xf];\ .

 kf7\ok':tsdf lbOPsf cEof;x¿ ug{ nufpg'xf];\ .

-r_ lzIfsnfO{ hfgsf/L

sfa{g8fOcS;fO8

 klxnf]k6s CO2 agfpg] j}1flgs Eofg x]ndG6 xf] .

 OGwg afNbf, Zjf;k|Zjf; tyf Hjfnfd'vL lj:kmf]6 x'“bf CO2 pTkGg x'G5 .

 sfa{g8fOcS;fO8sf] cf0fljs ;"q CO2 xf] / o;sf] df]lnSo'n/ j]6 – $$ x'G5 .

 k|of]uzfnfdf CO2 tof/ ug{ lkmSsf ;NÇo'l/s Pl;8 k|of]u ul/“b}g lsgeg] CaCO3 / dil.H2SO4

aLr k|ltlj|mof eO{ c3'ngzLn Sofnl;od ;Nkm]6 pTkGg x'G5, h;n] CaCO3 nfO{ 9fS5
/ CO2 pTkGg x'g lb“b}g .

 (% k|ltzt clS;hg / % k|ltzt CO2 ld>0fnfO{ sfaf]{lhg elgG5 . of] cf}ifwLsf] ¿kdf
-lgdf]lgof, ljiffn' kbfy{ x6fpg_ k|of]u ul/G5 .

 cfuf] lgefpg] oGq NaHCO3 / H2SO4 sf] ld>0f /flvPsf] x'G5 .

NaHCO3 + H2SO4 ? Na2SO4 + 2H2O + 2CO2

 sfa{g8fOcS;fO8nfO{ – &*°c ;Dd lr:ofp“bf aGg] ;'Vvf a/kmnfO{ 8«fOcfO; elgG5 .

Pdf]lgof

 ;g\ !&&% df lk|:6n]åf/f ;j{k|yd nfOd Ca(OH)2 / ;fnPdf]lgs (NH4Cl) af6 Pdf]lgof
lgdf{0f ul/Psf] lyof] .
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 k|of]uzfnfdf ;'Vvf Pdf]lgof k|fKt ug{nfO{ 8«fOª6fj/df SjLsnfOdsf] k|of]u ul/G5 .

 cf}Bf]lus:t/df Pdf]lgof Uof; pTkfbg ug{ ! efu gfO6«f]hg / # efu xfO8«f]hgsf]
cfjZostf kb{5 .

ljz]if Wofg lbg'kg]{ s'/fx¿

Pl;8 / Iff/x¿ (Acids and Bases)

 xfO8«f]Snf]l/s Pl;8, ;NÇo'l/s Pl;8 tyf gfOl6«s Pl;8 h:tf s8f Pl;8x¿ a9L
vt/fk"0f{ ePsf] x'gfn] lkmSsf Pl;8x¿dfq k|of]udf Nofp“bf ;'/lIft x'G5g\ .

 s8f Pl;8nfO{ lkmSsf ubf{ yf]/} Pl;8nfO{ kfgLdf la:tf/} vGofpg'kb{5 t/ Pl;8df kfgL
vGofpg' x'“b}g .

 ;f]l8od xfO8«f]S;fO8 / kf]6fl;od xfO8«f]S;fO8 s8f Iff/x¿ x'g\ . oL Iff/x¿ 5fnfdf
k¥of] eg] hng x'g] ePsfn] lkmSsf Iff/x¿ dfq k|of]udf Nofpg'kb{5 .

 s8f Pl;8 tyf Iff/x¿ 5fnfdf k/]df ;j{k|yd To; efunfO{ k|z:t kfgLn] kvfNg'kb{5 .

 s8f Pl;8 tyf s8f Iff/x¿ lzIfsn] dfq rnfpg'kb{5 .

sfa{g8fOcS;fO8

 pks/0fx¿ h8fg ubf{ xfjf gk:g] x'g'kb{5 .

 ly:6n kmg]nsf] tNnf] efu Pl;8df 8'a]sf] x'g'kb{5 .

 Uof; ;ª\sng ubf{ Uof; hf/af6 xfjf ;a} lg:s]kl5 ug'{kb{5 .

gfO6«f]hg

 ;a} pks/0fx¿ xfjf gk:g] u/L hf]8\g'kb{5 .

 ly:6n kmg]nsf] tNnf] efu ld>0fdf 8'a]sf] x'g'kb{5 .

 Çnf:snfO{ la:tf/} ttfpg'kb{5 .

Pdf]lgof

 ;a} pks/0fx¿ xfjf gl5g]{ u/L aGb ug'{kb{5 .

 s8f k/LIf0f gnLnfO{ la:tf/} ttfpg'kb{5 .

 k|of]uzfnfdf Pdf]lgof Uof; tof/ ubf{ b'O{ efu Pdf]lgod Snf]/fO8 / Ps efu SoflN;od
xfO8«f]S;fO8 lng'kb{5 .
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PsfO !! wft'x¿ (Metals)

cg'dflgt 3G6L M ^ 3G6L

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= k|s[ltaf6 k|fKt x'g] dxŒjk"0f{ wft'x¿ -kmnfd, cfNd'lgod, tfdf, rf“bL / ;'g_ sf] ;ª\s]t
j0f{g ug{ .

@= pSt wft'x¿sf] ef}lts tyf /f;folgs u'0fx¿ klxrfg u/L j0f{g ug{ .

#= b}lgs hLjgdf tL wft'x¿sf] pkof]lutf j0f{g ug{ .

-v_ kl/ro

o; PsfOdf k|s[ltaf6 k|fKt x'g] s]xL dxŒjk"0f{ wft'x¿ kmnfd, cfNd'lgod, tfdf, rf“bL /
;'gsf] /f;folgs kl/ro tyf tL wft'x¿sf wfpx¿, wfpaf6 k|zf]wg u/L wft' lgsfNg]
tl/sfx¿sf af/]df hfgsf/L lbOg] 5 . o;sf ;fy} oL wft'x¿sf] ef}lts tyf /f;folgs
u'0fx¿sf] rrf{ ul/g] 5 . xfd|f] b}lgs hLjgdf tL wft'x¿sf] pkof]lutfaf/] cWoog ul/g] 5 .

-u_ z}lIfs ;fdu|L

lkl/of]l8s tflnsf, kmnfd, cfNdf]lgod, tfdf, rf“bLsf 6'j|mfx¿,  Steel wool, test tube, beaker,

rf6{x¿, kmnfd (Iron) .

-3_ lzIf0f l;sfO lj|mofsnfk

 ljBfyL{x¿nfO{ b}lgs hLjgdf k|of]u x'g] ;fdfgx¿ tyf ;fwgx¿sf] gfd eGg nufpg'xf];\
/ gfd af]8{df l6Kg'xf];\ . lzIfsn] kmnfd, cfNd'lgod, tfdf, rf“bL / ;'gaf6 aGg]
;fdfgx¿ tyf ;fwgx¿sf] yk gfd pNn]v ug'{xf];\ . tL j:t'x¿dWo] wft' / cwft' s]s]
x'g\ 5'6\ofpg nufpg'xf];\ . wft'sf u'0fsf] sIff gf}df cWoog u/]sf] k'g/fjnf]sg
u/fpg''xf];\ . kmnfd, cfNd'lgod, tfdf, rf“bL / ;'g sxf“ kfOG5 / logLx¿sf] dxŒjaf/]
5nkmn u/fpg'xf];\ .

 ;d"xdf lkl/of]l8s tflnsf cWoog ug{ nufP/ kmnfdsf] ;ª\s]t, kf/df0fljs ;ª\Vof /
ef/, ;+o'Hotf tyf On]S6«f]lgs ljGof; kQf nufpg nufpg'xf];\ . lzIfsn] kQf nufpg
;d"x sfo{sf] cg'udg u/L ;xof]u ug'{xf];\ . ljBfyL{n] kQf nufPsf tYox¿ af]8{df n]Vg
nufpg'xf];\ .
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 kmnfdsf k|d'v wfpx¿sf] gfd / c0f' ;"q n]lvPsf rf6{ b]vfpg'xf];\ . o;sf af/]df rrf{
ub}{ x]df6fO6 k|d'v wfp ePsf] hfgsf/L lbg'xf];\ .

 x]df6fO6 wfpaf6 kmnfd k|zf]wg ul/g] k|lj|mof flow chart af6 b]vfP/ j0f{g ug'{xf];\ .
d]6fnhL{ (Metallurgy) sf] kl/ro lbg'xf];\ . wfpx¿ (ores) af6 wft' lgsfNg] k|lj|mofnfO{
d]6fnhL{ elgG5 .

 kmnfdsf 6'j|mf b]vfP/ o;sf u'0fx¿ atfpg nufpg'xf];\ / kmnfdsf] ef}lts u'0fx¿
n]lvPsf] rf6{ b]vfP/ atfpg'xf];\ .

 kmnfdsf /f;folgs u'0fx¿ ;dLs/0faf/] k|Zgf]Q/ ub}{ af]8{df n]v]/ j0f{g ug'{xf];\ .

 kmnfddf s:tf] cj:yfdf lvof nfU5 < lvofsf] /f;folgs gfd s] xf] < k|Zg ug'{xf];\ .
af]8{df lgDglnlvt /f;folgs ;dLs/0f b]vfpg'xf];\ . -3/df klg k|of]u u/]/ x]g{ nufpg'xf];\ ._

4Fe + 3O2 ? 2Fe2O3

 kmnfd s]s]sf nflu k|of]u ul/G5 < ;“u} a;]sf b'O{ hgf ljBfyL{x¿aLr 5nkmn u/]/ n]Vg
nufpg'xf];\ . ljBfyL{x¿nfO{ ;f]w]/ af]8{df kmnfdsf] pkof]lutfsf] ;"rL agfpg'xf];\ .

 ljBfyL{x¿nfO{ kf7\ok':tssf] k]h g+= !#! u/]/ u/]/ x]/L l;Sg'xf];\ eGg] lj|mofsnfk
gDa/ ! u/fpg'xf];\ .

-ª_ d"Nofª\sg

!= kmnfdsf tLg k|d'v wfpsf] gfd / ;"q s]s] x'g\ <

@= kmnfdsf ef}lts u'0fx¿ s]s] x'g\ <

#= kmnfddf lvof s;/L nfU5 <

$= kmnfdn] lkmSsf / uf9f tftf] ;NÇo'l/s cDn;“u ug]{ k|ltlj|mof /f;folgs ;dLs/0faf6
b]vfpg'xf];\ .

%= kmnfdsf s'g} rf/ pkof]lutf atfpg'xf];\ .

cfndf]lgod (Aluminium)

 cfndf]lgod 6'j|mf b]vfP/ lrGg nufpg'xf];\ . ;d"xdf lkl/of]l8s tflnsf cWoog ug{
nufP/ cfndf]lgodsf] ;ª\s]t, kf/df0fljs ;ª\Vof / ef/, ;+o'Hotf tyf On]S6«f]lgs
ljGof; kQf nufpg nufpg'xf];\ . lzIfsn] ;d"x sfo{sf] cg'udg u/L kQf nufpg
;xof]u ug'{xf];\ . ljBfyL{n] kQf nufPsf tYox¿ af]8{df n]Vg nufpg'xf];\ .
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 cfndf]lgodsf k|d'v wfpx¿sf] gfd / c0f' ;"q n]lvPsf rf6{ b]vfpg'xf];\ . aS;fO6
k|d'v wfp ePsf] hfgsf/L lbg'xf];\ .

 aS;fO6 wfpaf6 cfndf]lgod k|zf]wg ul/g] k|lj|mofsf]  flow chart  b]vfpg'xf];\ / ljBfyL{x¿nfO{
j0f{g ug{ nufpg'xf];\ .

 cfndf]lgod / kmnfdsf] /ª, ljlzi6 3gTj, kUng] / pDng] tfkj|md tyf tfk / ljB't\sf]
;'rfnssf cfwf/df t'ngf u/]/ hfgsf/L lbg'xf];\ .

 cfndf]lgodsf /f;folgs u'0fx¿ ;dLs/0faf/] k|Zgf]Q/ ub}{ af]8{df n]v]/ j0f{g
ug'{xf];\ .

 cfndf]lgodsf pkof]lutf cWoog ug{ nufpg'xf];\ . ljBfyL{x¿nfO{ k|Zgf]Q/ ub}{ af]8{df
;"rL agfpg'xf];\ .

d"Nofª\sg

!= cfndf]lgodsf tLg k|d'v wfpsf] gfd / ;"q s]s] x'g\ <

@= cfndf]lgodsf ef}lts u'0fx¿ s]s] x'g\ <

#= cfndf]lgod / x]nf]hg k|ltlj|mof ubf{ s] aG5 <

$= cfndf]lgodn] lkmSsf / uf9f tftf] ;NÇo'l/s cDn;“u ug]{ k|ltlj|mof /f;folgs
;dLs/0faf6 b]vfpg'xf];\ .

%= cfndf]lgodsf s'g} rf/ pkof]lutf atfpg'xf];\ .

tfdf (Copper)

 ;d"xdf lkl/of]l8s tflnsf cWoog ug{ nufP/ tfdfsf] ;ª\s]t, kf/df0fljs ;ª\Vof /
ef/,  ;+o'Hotf tyf On]S6«f]lgs ljGof; kQf nufpg nufpg'xf];\ . lzIfsn] kQf nufpg
;d"x sfo{sf] cg'udg u/L ;xof]u ug'{xf];\ . ljBfyL{n] kQf nufPsf tYox¿ af]8{df n]Vg
nufpg'xf];\ .

 tfdf kfOg] cj:yfsf] hfgsf/L lbg'xf];\ . tfdfsf k|d'v wfpx¿sf] gfd / c0f' ;"q
n]lvPsf rf6{ b]vfpg'xf];\ . sk/ kfO/fO6 k|d'v wfp ePsf] hfgsf/L lbg'xf];\ .

 sk/ kfO/fO6 wfpaf6 tfdf k|zf]wg ul/g] k|lj|mof flow chart af6 b]vfP/ j0f{g ug'{xf];\ .

 tfdfsf] /ª, ljlzi6 3gTj, kUng] / pDng] tfkj|md tyf tfk / ljB't\sf] k|jfxaf/]
atfpg'xf];\ . Cu, Ag, / Au nfO{ SjfOgfOh d]6n (coinage metal) elgG5 egL hfgsf/L
lbg'xf];\ .
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 tfdfsf] /f;folgs u'0fx¿ ;dLs/0faf/] k|Zgf]Q/ ub}{ af]8{df n]v]/ j0f{g ug'{xf];\ .

 ljBfyL{x¿nfO{ k|Zgf]Q/ ub}{ tfdfsf] pkof]lutfsf] ;"rL agfpg'xf];\ .

d"Nofª\sg

!= tfdfsf k|d'v wfpsf] gfd / ;"q s] x'g\ <

@= tfdfsf kUng] / pDng] tfkj|md sltslt xf] <

#= tfdfnfO{ ttfp“bf klxn] /ftf] / kl5 sfnf] x'G5 . o;sf] /f;folgs k|ltlj|mofnfO{
;dLs/0fdf b]vfpg'xf];\ .

rf“bL / ;'g (Silver and Gold)

 kf/df0fljs ;ª\Vof -$& / kf/df0fljs ;ª\Vof_ &( ePsf] tŒjsf] gfd, ;ª\s]t,
kf/df0fljs ef/, ;+o'Hotf tyf On]S6«f]lgs ljGof; lkl/of]l8s tflnsf x]/]/ kQf nufpg
nufpg'xf];\ . lzIfsn] kQf nufpg ;d"x sfo{sf] cg'udg u/L ;xof]u ug'{xf];\ . ljBfyL{n]
kQf nufPsf tYox¿ af]8{df n]Vg nufpg'xf];\ .

 rf“bL / ;'g kfOg] cj:yfsf] hfgsf/L lbg'xf];\ . rf“bLsf k|d'v wfpx¿sf] gfd / c0f' ;"q
n]lvPsf rf6{ b]vfpg'xf];\ t/ ;'g gbLn] aufPsf] anf}6] df6f] / r6\6fgsf] dfemdf kfOg]
hfgsf/L lbg'xf];\ . rf“bLsf k|d'v wfp ch]{G6fO6 ePsf] atfOlbg'xf];\ .

 ch]{G6fO6 wfpaf6 rf“bL k|zf]wg ul/g] / ;'go'St anf}6] df6f]af6 ;'g k|zf]wg ul/g]
k|lj|mof flow chart af6 b]vfP/ j0f{g ug'{xf];\ .

 rf“bL / ;'gsf] /ª, ljlzi6 3gTj, kUng] / pDng] tfkj|md tyf tfk / ljB't\sf] k|jfxaf/]
t'ngfTds rf6{ k|:t't u/]/ ef}lts u'0fx¿ atfpg'xf];\ .

 rf“bL / ;'gsf /f;folgs u'0fx¿ ldNbf]df t'ngfTds tl/sfaf6 b]vfpg'xf];\, h:t} M
x]nf]hg;“u k|ltlj|mof, cDn;“u k|ltlj|mof . cGo 5'6\6f5'6\6} /f;folgs ;dLs/0faf/] k|Zgf]Q/
ub}{ af]8{df n]v]/ j0f{g ug'{xf];\ .

 ljBfyL{x¿nfO{ k|Zgf]Q/ ub}{ rf“bL / ;'gsf] pkof]lutfsf] ;"rL agfpg'xf];\ .

d"Nofª\sg

!= rf“bLsf] kf/df0fljs ;ª\Vof slt xf] <

@= rf“bLsf] k|d'v wfpsf] gfd / ;"q s] x'g\ <

#= ;'gsf] kUng] / pDng] tfkj|md slt slt xf] <
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$= rf“bLn] uf9f gfOl6«s cDn;“u /f;folgs k|ltlj|mof u/]/ s]s] aG5 <

%= cSjf/]lhof eg]sf] s] xf] <

 b}lgs hLjgdf wft'x¿sf] :yfg, wft' / cwft'sf ;fdfGo u'0fx¿

 cf;{lgs / PlG6df]gL h:tf * tŒjx¿n] wft' / cwft' h:tf] Jojxf/ ub{5g\ eg]
ltgnfO{ cw{wft' (metalloids) elgG5 .

 wft'x¿n] l/8\o'l;ª Ph]G6 (reducing agent) sf] sfd ub{5, h:t} M

Na ?  Na+ +e-

t/ cwft'x¿n] clS;8fOlhg Ph]G6sf] sfd ub{5, h:t} M

Cl + e- ?  Cl-

 wft'x¿n] Pnf]6«kL b]vfp“b}gg\ t/ cwft'x¿n] b]vfp“5g\ .

 wft'x¿sf] xfO8«fO8\; :yfloTj t/ cwft'x¿sf] xfO8«fO8\; :yfloTj x'G5, h:t} M
NaH cl:y/ x'G5 eg] NH3 l:y/ x'G5 .

 wft'sf k/df0f'x¿ d]6flns af]G8af6 hf]l8Psf x'G5g\ t/ cwft'sf k/df0f'x¿
sf]efn]G6 af]G8af6 hf]l8Psf x'G5g\ .

 s]xL dxŒjk"0f{ wft'x¿ .

 d]6fnhL{ (Metallurgy) : wfpx¿ (ores) af6 wft' lgsfNg] k|lj|mofnfO{ d]6fnhL{
elgG5 .

 wfp (ore) :  wfp Pp6f vlgh xf] h;af6 wft'x¿sf] k|zf]wg ul/G5 .

 ljwft' (gangue) : wfpdf ldl;Psf sd;n kbfy{x¿nfO{ ljwft' elgG5 .

 PNjfO{ (alloys) : b'O{ jf b'O{eGbf a9L wft'x¿ jf cwft'x¿sf] ;dfg ld>0fnfO{ PNjfO{
elgG5, h:t} M lkQn -h:tf + tfdf_

 kmnfd

 kmnfdsf wfpx¿ M cfO/g kfO/fO6\; (iron pyrites) FeS, lndf]gfO6 (limonite) Fe2O3, 2H2O .

kmnfdsf] k|sf/

 9n'jf kmnfd (cast iron) M of] kmnfd s8f x'G5 . o;df @=% b]lv $=% k|ltzt sfa{g
x'G5 . o;af6 (^ b]lv (*=* k|ltzt kmnfd k|fKt ug{ ;lsG5 . o; kmnfdsf] kUng]
tfkj|md !@))°C x'G5 .
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 /6\kmnfd (wrought iron)  M of] kmnfd g/d x'G5 . o;df !=@ b]lv @=% k|ltzt sfa{g
x'G5 . o;af6 (*=% b]lv (*=* k|ltzt kmnfd k|fKt ug{ ;lsG5 . o;sf] kUng]
tfkj|md !%))°C x'G5 .

 l:6n (steel) M o;df sfa{gsf] dfqf )=% k|ltztb]lv !=^ k|ltzt x'G5 . o;af6
(*=% b]lv ((=% k|ltzt kmnfd k|fKt ug{ ;lsG5 . o;sf] kUng] tfkj|md !#))°C

;Dd x'G5 .

 Pn'ldlnod

 Pn'ldlnodsf wfpx¿ M j|mfcf]nfO6 (cryolite) Na3AlF6, Pn'd:6f]g (alumstone)

K2SO4,Al2(SO4)3.

 Pn'ldlgod Pp6f xn'sf tŒj xf] . o;n] c¿ wft'x¿l;t ;lDdlnt eO{ PNjfO (alloy)

agfp“5 .

 /f;folgs u'0f

4Al +3O2 ?  2Al2O3

2Al + 6H2O ?  2Al(OH)3 +3H2

2Al + Fe2O3 ?  Al2O3 +2Fe (reducing)

 lkm6s/Lsf] /f;folgs gfd M K2SO4 .Al2(SO4)3.24H2O

 tfdf

 Cu, Ag / Au nfO{ SjfOgfOh d]6n (coinage metal) elgG5 lsgls logLx¿ l;Ssf
agfpg k|of]u ul/G5 .

 tfdfsf wfpx¿ M So'k/fO6 (cuprite) Cu2O, dfnfrfO6 (malachite) CuCo3. Cu(OH)2,

rfNsf]kfO/fO6 (Chalcopyrite) CuFeS2, sk/UNofG; (Copper glance) Cu2S.

 lAn:6/ sk/df b'O{ k|ltzt hlt Au, Ag, Ni, Zn / Pb h:tf j:t'x¿ ldl;Psf
x'G5g\ .

 tfdf / clS;hgn] sl/a !!))°C tfkj|mddf k|ltlj|mof ub{5 .

 tfdfsf] l/l8o'l;ª u'0f

Fe2(SO4)3 +Cu 2FeSO4 +CuSO4
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 rf“bL

 rf“bLsf wfpx¿ M ?lal;Ne/ (ruby silver) 2Ag2S.Sb2S3, k|f ]G;6fO6 (pronstite)

Ag3AsS3, l;Ne/sk/ UnfG; (Silver copper glance) Ag2S.Cu2S xhg{ l;Ne/ AgCl.

 rf“bL, kfgL / cNsfnL;“u k|ltlj|mof ub}{g .

 rf“bL / xfO8«f]hg;NkmfO8aLr /f;folgs k|ltlj|mof eO{ rf“bLsf] ;NkmfO8 aG5 .

 2Ag+H2S ?  Ag2S + H2

 sf]nfO8n rf“bL (colloidal silver) cf“vfsf] pkrf/ (opthalmic treatment) sf nflu
k|of]u ul/G5 .

 ;'g

 k|s[ltdf ;'g z'4 cj:yfdf kfP klg o;df Kn]l6od, kmnfd / lj:dy h:tf cz'4
ldl;Psf x'G5g\ .

 ;'gsf wfpx¿ M Sjfh{efOg (quartz vein)

 ;'g g/d x'g'sf ;fy} of] cNsfnL;“u k|ltlj|mof x'“b}g .

 cfof]l8s Pl;8 / ;]n]lgs Pl;8;“u ;'gn] cnucnu k|ltlj|mof ub{5 .

 @@ Sof/]6 ;'g eGgfn] ;'gdf rf“bL jf tfdf ldl;Psf] eGg] a'lemG5 .

 ;'gdf rf“bL jf tfdf ld;fpgfn] ;'g s8f x'G5 .
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PsfO !@ xfO8«f]sfa{g / o;sf of}lusx¿
(Hydrocarbon and its Compounds)

cg'dflgt 3G6L M #

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ s]xL ;fdfGo lsl;dsf xfO8«f]sfa{gsf ¿kx¿ tyf ltgaf6

ag]sf of}lusx¿ ldy]g, k|f]k]g, Ao'6]g, cNsf]xn, lUn;]/f]n, Oy/ / ltgsf pkof]ux¿ j0f{g

ug{ ;Ifd x'g] 5g\ .

-v_ kl/ro

o; PsfOdf s]xL ;fdfGo lsl;dsf xfO8«f]sfa{gsf ¿kx¿ tyf ltgaf6 ag]sf of}lusx¿
cf0fljs ;"q, sG8]G:8 ;"q / ;+/rgfTds ;"qsf] hfgsf/L lbg vf]lhPsf] 5 .  xfO8«f]sfa{gsf
lsl;dx¿,  xfO8«f]sfa{gnfO{ hgfpg] ;"q, IUPAC Name sf af/]df rrf{ ul/Psf] 5 . ;fy}
ltgLx¿sf] k|fKotf / pkof]lutfaf/] klg cWoog ul/g] 5 .

-u_ z}lIfs ;fdu|L

 lUn;]/f]n, rf6{x¿

 xfO8«f]sfa{g (Hydrocarbon) .

-3_ lzIf0f l;sfO lj|mofsnfk

 sfa{gsf] kf/df0fljs ;ª\Vof / ef/, On]S6«f]lgs ljGof;, k|fª\ufl/s of}lusaf/] k|Zg
u/]/ sIff ( df cWoog u/]sf] k'g/fjnf]sg u/fpg'xf];\ .

 ljBfyL{x¿nfO{ k|fª\ufl/s of}lussf s]xL pbfx/0f lbg nufpg'xf];\ . tL pbfx/0faf6
xfO8«f]sfa{gsf] kl/ro lbg'xf];\ .

 ldy]g, Oy]g, k|f]k]g, Olyg, OyfOgsf] ;+/rgfTds ;"q rf6{df k|:t't ug'{xf];\ . ;+/rgfTds
;"qsf cfwf/df s] km/s 5 < kQf nufpg nufpg'xf];\ . 5nkmnaf6 sfa{gsfa{gaLr
ePsf] af]G8sf cfwf/df ;+t[Kt / c;+t[Kt xfO8«f]sfa{gx¿sf] kl/ro lbg'xf];\ . ;+t[Kt /
;+t[Kt xfO8«f]sfa{gx¿sf] gfd (Alkane, Alkene, Alkyne) / cf0fljs ;"q n]Vg] tl/sfsf]
hfgsf/L lbg'xf];\ . ljBfyL{x¿nfO{ cf0fljs ;"q n]Vg] cEof; u/fpg'xf];\ .
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-ª_ d"Nofª\sg

!= xfO8«f]sfa{g s]nfO{ elgG5 <

@= ;+t[Kt xfO8«f]sfa{g / c;+t[Kt xfO8«f]sfa{g s;/L 5'6\ofOG5 <

#= ldy]g, Oy]g, k|f]k]g, Olyg, OyfOgsf] ;+/rgfTds ;"q n]Vg'xf];\ .

$= Aklane, Alkene / Alkyne sf] ;"q s]s] x'g\ <

ldy]g, Oy]g, k|f]k]g, Ao'6]g (Methane, Ethane, Propane, Butane)

 ;+t[Kt xfO8«f]sfa{gnfO{ hgfpg] ;"q CnH2n+2 df n sf] dfg !, @, # / $ /fv]/ cf0fljs ;"q
n]Vg nufpg'xf];\ . ltgLx¿sf] gfd ldy]g, Oy]g, k|f]k]g / Ao'6]g xf] egL atfpg'xf];\ .

 ldy]g, Oy]g, k|f]k]gsf] sG8]:8 ;"q / ;+/rgfTds ;"q n]Vg nufpg'xf];\ .

 ldy]g, Oy]g, k|f]k]gsf] kl/ro / pkof]lutfnfO{ tnsf] rf6{df n]v]/ k|:t't ug'{xf];\ M

xfO8«f]sfa{g kl/ro pkof]lutf

ldy]g

Oy]g

k|f]k]g

 Ao'6]gsf] kl/ro lbg'xf];\ / b'O{ cfo;f]d/x¿sf] sG8]:8 ;"q / ;+/rgfTds ;"qdf leGgtf
b]vfpg'xf];\ . Isomers / Isomerism sf] kl/ro lbg'xf];\ .

 Ao'6]gsf] pkof]lutf atfpg'xf];\ .

d"Nofª\sg

!= ldy]g, Oy]g, k|f]k]g, Ao'6]g sxf“ kfOG5 <

@= ldy]g, Oy]g, k|f]k]g, Ao'6]gsf] pkof]lutf s]s] 5g\ <

#= n-butane / iso-butane sf] sG8]G:8 / ;+/rgfTds ;"q n]Vg'xf];\ .

cNsf]xn, lUn;]/f]n, Oy/ (Alcohol, Glycerol, Ether)

 ;+/rgfTds ;"qaf6 cNsf]xnsf] kl/ro lbg'xf];\ . df]gf]xfOl8«s cNsf]xn, 8fOxfOl8«s
cNsf]xn, 6«fOxfOl8«s cNsf]xnsf] hfgsf/L lbg'xf];\ .
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 b}lgs hLjgdf k|of]u x'g] cNsf]xnsf af/]df hfgsf/L lbg'xf];\ .

 ldyfOn / OyfOn cNsf]xnsf] pkof]lutfaf/] rrf{ ug'{xf];\ .

 hf8f] ofddf 5fnf k'm6\gaf6 arfpg k|of]u ul/g] kbfy{x¿sf] gfd eGg nufpg'xf];\ .
tLdWo] lUn;]/f]n Ps ePsf] hfgsf/L lbg'xf];\ .

 lUn;]/f]n b]vfP/ / kfgLdf 3f]n]/ ef}lts u'0fsf ;DaGwdf rRff{ ug'{xf];\ .

 lUn;]/f]nsf] ;+/rgfTds ;"q af]8{df n]Vg'xf];\ . of] s'g ;+t[Kt xfO8«f]sfa{gaf6 ag]sf] /
s:tf] lsl;dsf] cNsf]xn xf] < 5nkmn u/fpg'xf];\ .

 lUn;]/f]nsf] pkof]lutf atfpg'xf];\ .

 8fOldyfOn Oy/ / 8fOOyfOn Oy/sf] cf0fljs ;"q, sG8]G:8 ;"q / ;+/rgfTds ;"q
rf6{df b]vfpg'xf];\ . sG8]G:8 ;"q / ;+/rgfTds ;"qsf cfwf/df Oy/ lrGg] cfwf/ s] xf] <
;f]Wg'xf];\ . k|fª\ufl/s of}lussf] c0f'df - O - ;d"x /x]sf]nfO{ Oy/ elgG5 egL atfpg'xf];\ .

 Oy/sf] kl/ro lbg'xf];\ .

 Oy/sf] pkof]lutf atfpg'xf];\ .

d"Nofª\sg

!= k|fª\ufl/s of}lusdf s'gs'g /]l8sn ePdf cNsf]xn, lUn;]/f]n, Oy/ elgG5 .

@= ;fwf/0f b}lgs hLjgdf k|of]u ul/g] cNsf]xnsf] ;+/rgfTds ;"q s] xf] <

#= cNsf]xn / lUn;/f]ndf s] km/s 5 < cf0fljs ;++/rgfsf] b[li6sf]0fn] atfpg'xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

 ;fwf/0f j:t'x¿df sfa{gsf] pkl:ylt

 ;ª\s]t C, kf/df0fljs ef/ !@, kf/df0ljs ;ª\Vof ^, klUng] tfkj|md #%%) c /
plDng] tfkj|md $*#) c x'G5 .

 olb s'g} Pp6f tŒjsf] b'O{ jf b'O{eGbf a9L cj:yfx¿ 5g\ eg] cfÇgf] cj:yf kl/jt{g
gu/L ljleGg ef}lts u'0f b]vfpg] k|lj|mofnfO{ Pnf]6«k elgG5 .

sfa{gsf Pnf]6«f]lks cj:yfx¿

 lj|m:6nfOg (crystalline) : 8fOdG8 / u|fkmfO6

 Pd/kmf]; (amorphous) : lrgL, sf]Onf
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 xfO8«f]sfa{gdf sfa{g tŒjx¿aLr PsfaGwg (single bond) dfq x'G5 . o;sf] ;"q CnH2n+2

x'G5 .

 c;+t[Kt xfO8«f]sfa{gdf sfa{g tŒjx¿aLr o'un aGwg (double bond) / lqaGwg (triple

bond) x'G5g\ . o;sf] ;"q CnH2n / CnH2n-2 x'G5 .

 Oy]g, k|f]k]g / Jo'6gnfO{ kf/flkmg elgG5 t/ Olylng, k|f]k]lng tyf Ao'l6lngnfO{ cflNsg
elgG5 .

 Pp6} c0f' ;"q ePsf Pjd\ ljleGg /rgf / u'0f ePsf of}lusnfO{ cfO;f]d/ (isomer)

elgG5 . cfO;f]d/ aGg] lj|mofnfO{ cfO;f]dl/h (isomerism) elgG5, h:t} M CH4 nfO{
lgDgfg';f/ b]vfpg ;lsG5 M

C C C C

ldy]g

 ldy]gsf] cf0fljs ef/ !^ x'G5 .

 wflknf] hldgaf6 ;j{k|yd ldy]g Uof; ;kmntfk"j{s k|fKt ug]{ j}1flgs 8fN6fg x'g\ .

 ldy]g Uof;nfO{ df;{ Uof; klg elgG5 .

 ;f]l8od Pl;6]6 ! efu / $ efu ;f]8fnfOdsf] ld>0f ttfP/ k|fKt x'g] tyf pkl:yt x'g]
ePsfn] logLx¿nfO{ x6fpg ldy]gnfO{ j|mdzM Pdf]lgod So'k|; Snf]/fO8, w'jf“ cfpg]
(furming) H2So4 tyf 7f]; sfl:6s kf]6f;af6 k|jflxt u/L kf/f] dfly ;ª\sng ul/G5 .

 ldy]g / xfjfsf] ld>0fdf cfuf]sf] lemNsf k7fof] eg] eofgs ¿kn] k8\lsG5 .

 cNsf]xn / Oy/df ldy]g 3'N5 .

 jfo'd08nLo rfk ! ePsf] cj:yfdf o;sf] plDng] tfkj|md !^! C x'G5 .

 ;"o{sf] t]lhnf] k|sfzdf ldy]g / Snf]l/gsf] ld>0faf6 lj:kmf]6 x'G5 .

Oy]g

 Olyg / xfO8«f]hgsf] ld>0fnfO{ #)) C tfkj|mddf lgs]n dfly k|jflxt ubf{ z'4 Oy]g
k|fKt x'G5 .

CH2 = CH2 + H2 ? CH3 - CH3

 Oy]g plDng] tfkj|md 89° C x'G5 .
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 /]lkmlh/]6/ KnfG6df tfkj|md Go"g ug{ Oy]gsf] k|of]u ul/G5 .

 Oy]gsf] cf0fljs ef/ #) x'G5 .

 Oy]g / xfjfsf] ld>0fdf cfuf]sf] lemNsf k7fof] eg] eofgs ¿kn] k8\lsG5 .

cNsf]xn

 cNsf]xnsf] ;"q CnH2n+1OH

 lo:6sf] sf]if pTkGg x'g] OGe6]{h OGhfOdn] lrgLnfO{ Un'sf]h / k|m'S6f]hnfO{ cNsf]xndf
kl/0ft ub{5 .

 lo:6sf] sf]ifaf6 pTkGg x'g] hfOd]; OGhfOdn] Un'sf]h / k|m'S6f]hnfO{ cNsf]xndf kl/0ft
u5{ .

 ;"Id lhjf0f'n] ubf{ hl6n j:t'nfO{ ;/n j:t'df kl/0ft ug]{ k|lj|mofnfO{ km/d]G6];g
(fermentation) elgG5 . of] lj|mofdf CO2 Uof; pTkGg x'G5 .

 Un'sf]h, kfgL / lo:6sf] ld>0fnfO{ @%–#) C tfkj|mddf #–$ lbg;Dd /fVof] eg] OyfOn
cNs]fxn aG5 .

Oy/

 cNsf]xnaf6 Oy/ agfpg] ePsfn] o;df ePsf] cNsf]xnsf] dfqfnfO{ ;f]l8od xfO8«f]S;fO8
/ ;f]l8od Snf]/fO8sf] dbtaf6 5'6\ofpg ;lsG5 .

 k|of]uzfnfdf Oy/ tof/ kfg{ a/fa/ cfotgsf] OyfOn cNsf]xn /; s8f ;NÇo'l/s
Pl;8sf] cfjZostf kb{5 .

lUn;]/f]n

 lUn;]/f]nnfO{ lUnl;l/g klg elgG5 .

 ;fa'g pTkfbg ubf{ afO k|f]8S6 (by product) sf] ¿kdf lUn;]/f]n k|fKt ug{ ;lsG5 .

 s8f gfOl6«s Pl;8 / s8f ;NÇo'l/s Pl;8sf] ld>0fdf dl;gf] wf/f]af6 lUn;]/f]n
v;fNbf O6«f]lUn;l/g aG5 . of] Ps k|sf/sf] lj:kmf]6s kbfy{ xf] .



lzIfs lgb]{lzsf, lj1fg, sIff – !) 79

PsfO !# b}lgs hLjgdf k|of]u x'g] j:t'x¿
(Materials Used in Daily Life)

cg'dflgt 3G6L M # 3G6L

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= l;d]G6, sf“r, kmfOa/, l;/fldS;, Knfl:6s, ;fa'g, l86/h]G6 / sL6gfzs cf}ifwLsf
agfj6 / b}lgs hLjgdf o;sf k|of]ux¿af/] j0f{g ug{ .

@= gfO6«f]hg, kmf]:kmf]/; / kf]6fl;odo'St dnx¿sf] dxŒj / pkof]lutf j0f{g ug{ .

#= cfÇgf] ;]/f]km]/f]df k|of]u ul/g] dnx¿af/] atfpg .

$= s[lifdf sDkf]:6 dnsf] e"ldsf JofVof ug{ .

%= s'lxP/ hfg] / ghfg] km]fxf]/d}nfsf] leGgtf 5'6\ofpg .

^= /f;folgs k|b"if0fsf sf/0f / /f]syfdsf pkfox¿ atfpg .

&= ljleGg sL6gfzs, l;Gy]l6s bfgf, ;/;kmfO ug]{ cf}ifwL, /ª / cGo /f;folgs j:t'x¿af6
x'g] k|b"if0fsf] j0f{g ug{ .

-v_ kl/ro

o; PsfOdf b}lgs hLjgdf k|of]u x'g] /f;folgs kbfy{x¿ l;d]G6, sf“r, kmfOa/, l;/fldS;,
Knfl:6s, sL6gfzs cf}ifwLsf] agfj6, u'0f tyf pkof]lutfaf/] rrf{ ul/Psf] 5 . h}ljs dn
/ /f;folgs dnsf af/]df hfgsf/L lbOPsf] 5 . ltgLx¿sf] k|of]uaf6 x'g] kmfObf / ;d'lrt
tl/sfaf6 k|of]u ug]{af/] pNn]v ul/Psf] 5 . sL6gfzs cf}ifwLsf] kl/ro / k|of]usf af/]df
pNn]v ul/Psf] 5 . kmf]xf]/d}nfsf] Joj:yfkg ug]{ ;Lk ljsf; u/fpg vf]lhPsf] 5 . ljZjdf
lrGtfsf ¿kdf cfPsf] /f;folgs k|b"if0fsf sf/0f / /f]syfdsf pkfox¿sf] rrf{ ul/Psf]
5 .

-u_ z}lIfs ;fdu|L

l;d]G6, sª\lj|m6, ;]/fldS;sf ef“8f, ljleGg lsl;dsf sf“rsf 6'j|mfx¿, skf;, h'6, pmg, /
]zd, gfOng, kf]ln:6/, sL6gfzs cf}ifwLx¿, o'l/of, Pdf]lgod ;Nkm]6, kf]6fl;od Snf]/fO8,
;fa'g, l86/h]G6 .
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-3_ lzIf0f l;sfO lj|mofsnfk

l;d]G6 / ;]/fldS; (Cement and Ceramics)

 ljBfyL{x¿nfO{ xfdLn] b}lgs k|of]u ug]{ /f;folgs kbfy{x¿ s]s] x'g\ < k|Zg ug'{xf];\ /
af]8{df ;"rL agfpg'xf];\ . tL kbfy{x¿dWo] l;d]G6, sf“r, kmfOa/, l;/fldS;, Knfl:6s,
;fa'g, l86/h]G6 / sL6gfzs cf}ifwL k|d'v ePsf] lgisif{ lgsfNg'xf];\ .

 3/, ejg, k'n cflb agfpg k|of]u ul/g] kfp8/h:tf] kbfy{sf] gfd s] xf] < o;sf af/]df
s] yfxf 5 < k|Zg ug'{xf];\ . ljBfyL{af6 cfPsf] hjfkmdf 5nkmn u/fp“b} l;d]G6sf]
pkof]lutf atfpg'xf];\ . sfdbf/n] uf/f / sª\lj|m6 s;/L agfp“5g\ atfpg'xf];\ .

 l;d]G6 pTkfbg ug]{ tl/sfnfO{ flow chart df b]vfO{ ljBfyL{nfO{ JofVof ug{ nufpg'xf];\ .
o;sf] agfj6sf] hfgsf/L lbg'xf];\ .

 g]kfndf /x]sf] l;d]G6 pBf]usf] hfgsf/L ;ª\sng ug{ nufpg'xf];\ .

 ljBfyL{x¿nfO{ cfÇgf] lhNnfdf l;d]G6 pBf]u :yfkgf ug{ ;lsG5÷;ls“b}g 5nkmn
u/fpg'xf];\ .

 ;]/fldS;sf] ef“8f b]vfpg'xf];\ . o;sf] u'0f / s]s] agfpg k|of]u ul/G5 < 5nkmn
u/fpg'xf];\ .

 ;]/fldS;sf ef“8f agfpg] tl/sf atfpg'xf];\ . o;sf] agfj6sf] hfgsf/L lbg'xf];\ .
sfcf]lngsf] kl/ro lbg'xf];\ .

sf“r / /];f (Glass and Fibre)

 sf“rsf] kl/ro lbg'xf];\ .

 Sjfh{ sf“r / jf6/ sf“rsf] t'ngf u/L atfpg'xf];\ . -h:t} M agfpg] tl/sf, u'0f, k|of]u
cflb_

 ;fwf/0f sf“r pTkfbg ug]{ tl/sf / k|of]uaf/] JofVof ug'{xf];\ .

 rf6{af6 s8f sf“r, af]/f] l;lns]6 sf“r / n]8 lj|m:6n sf“r s;/L aG5 < logLx¿ s]sf
nflu k|of]u ul/G5 < atfpg'xf];\ .

 ljleGg /ªsf sf“r agfpg s'gs'g wft'sf cS;fO8x¿ k|of]u ul/G5 < tflnsfdf
b]vfpg'xf];\ .

 /];fsf] kl/ro lbg'xf];\ .
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 skf;, h'6, pmg, /]zd cflb k|bz{g ug'{xf];\ / 5nkmn u/fO{ k|fs[lts /];f k|fKttf / k|of]u
atfpg'xf];\ .

 s[lqd /];fsf k|sf/x¿ tof/ ug]{ tl/sf / k|of]usf] JofVof ug'{xf];\ .

Knfl:6s, ;fa'g / l86/h]G6x¿ (Plastics, Soap and Detergents)

 Knfl:6ssf] kl/ro lbg'xf];\ .

 ydf]{Knfl:6s / ydf]{;]l6ª Knfl:6ssf leGgtf rf6{df b]vfpg'xf];\ .

 Knfl:6ssf u'0fx¿ / pkof]lutfaf/] 5nkmn u/fO{ ;"rL agfpg'xf];\ .

 ;fa'g s]af6 s;/L agfOG5, atfpg'xf];\ . kf7\ok':tssf] k]h g+= !$^ sf] lj|mofsnfk
!)=! u/fpg'xf];\ .

 l86/h]G6sf] kl/ro lbg'xf];\ .

sL6gfzs cf}ifwL (Insecticides)

 3/ tyf v]taf/Ldf kfOg] xflgsf/s ls/fx¿ s]s] x'g\ gfd eGg nufpg'xf];\ .

 tL ls/fx¿ dfg{sf nflu k|of]u ul/g] cf}ifwLsf] gfd eGg nufpg'xf];\ .

 tL cf}ifwLx¿sf lsl;dsf] kl/ro lbg'xf];\ . -sfaf]{lgs / csfaf]{lgs_

 sL6gfzs cf}ifwLx¿ s;/L k|of]u ug]{ / o;n] kfg{ ;Sg] c;/ s;/L sd ug{ ;lsG5 <
5nkmn u/fpg'xf];\ .

 sL6gfzs cf}ifwLx¿sf] kmfObf / a]kmfObfaf/] 5nkmn u/fpg'xf];\ .

dn (Fertilizers)

 v]taf/Ldf dn lsg k|of]u ul/G5 < s:tfs:tf dnx¿ k|of]u ul/G5 < 5nkmn u/fpg'xf];\ .

 h}ljs tyf /f;folgs dnx¿sf] kl/ro pbfx/0f;lxt k|:6\ofpg'xf];\ .

 la?jfx¿nfO{ gfO6«f]hg, kmf]:km/; / kf]6fl;od tŒjx¿sf] cfjZostfaf/] atfpg'xf];\ .

 gfO6«f]hg, kmf]:km/; / kf]6fl;od tŒjo'St /f;folgs dnx¿sf] gfd / c0f' ;"q rf6{df
b]vfP/ atfpg'xf];\ .

 ljBfnosf] xftfdf h}ljs dn agfpg nufpg'xf];\ .

/f;folgs k|b"if0f (Chemical Pollution)

 ljBfyL{x¿nfO{ cfÇgf] 3/df x'g] kmf]xf]/nfO{ s'lxg] / gs'lxg]df juL{s[t ug{ nufpg'xf];\ .
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 b'O{ k|sf/sf kmf]xf]/sf] plrt Joj:yfkg s;/L ug{ ;lsG5 < 5nkmn u/fpg'xf];\ .

 /f;folgs k|b"if0fsf] kl/efiff lbg'xf];\ .

 /f;folgs k|b"if0f x'g'sf sf/0fx¿sf af/]df ;d"xdf 5nkmn u/fpg'xf];\ .

 ;d"xdf /f;folgs k|b"if0fsf] /f]syfdaf/] 5nkmn u/fpg'xf];\ .

-ª_ d"Nofª\sg

!= ;]/fldS; ef“8fsf] k|of]u a9\g'sf] sf/0f s] xf]nf <

@= l;d]G6nfO{ ;'/lIft s;/L /fVg ;lsG5 <

#= /];f s] sfdsf nflu k|of]u ul/G5 <

$= s'gs'g la?jfaf6 /];f k|fKt x'G5 <

%= kl/efiff lbg'xf];\ M

-s_ /];f -v_ sfcf]lng

^= ;fa'gsf] /f;folgs gfd s] xf] <

&= l86/h]G6 eg]sf] s] xf] <

*= l86/h]G6 s] sfdsf nflu k|of]u ul/G5 <

(= kf]lnd/fh];g eg]sf] s] xf] <

!)= ydf]{Knfl:6s / ydf]{;]l6ª Knfl:6sdf s] leGgtf 5 <

!!= Knfl:6s s] sfdsf nflu k|of]u ul/G5 <

!@= k]l:6;fO8 eg]sf] s] xf] <

!#= 8L=8L=6L= / aL=Pr\=;L= sf] k"/f ¿k s] xf] <

!$= sL6gfzfs cf}ifwLsf] pkof]lutfx¿ s]s] x'g\ .

!%= h}ljs dn eg]sf] s] xf] <

!^= la?jfsf nflu gfO6«f]hgsf] cfjZostf lsg kb{5 <

!&= Pg\= kL= s]=  dn eg]sf] s] xf] <

!*= cfjZostfeGbf a9L /f;folgs dn k|of]u ubf{ x'g] a]kmfObfx¿ s]s] x'g\ <

!(= /f;folgs k|b"if0f eg]sf] s] xf] <

@)= /f;folgs k|b"if0fsf] k|lts"n c;/ s]s] x'g\ .
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-r_ lzIfsnfO{ yk hfgsf/L

/f;folgs kbfy{x¿sf] kl/ro tyf l;d]G6

 l;d]G6 lSnª\s/ SoflN;od l;lns]6 / SoflN;od Pn'ldg]6sf] hl6n ld>0f xf] .

 k|ltlj|mof

CaCO3 CO2+CaO

5CaO+3Al2O3 5CaO.3Al2O3

2CaO+2SiO2 2CaO.SiO3

 l;d]G6 afn'jf, /f]8f / kfgL ld;fP/ ag]sf] ld>0fnfO{ sª\lj|m6 elgG5 .

 l;d]G6 agfpgsf nflu Ps ltxfO Sn] / b'O{ ltxfO nfOd:6f]gnfO{ kfgLdf ldnfO{ n]bf]
agfOG5 .

sf“r

 j}1flgsx¿n] sf“rnfO{ Pp6f cToGt lr;f] kbfy{ (super cooled liquid) sf ¿kdf j0f{g
u/]sf 5g\ . sf“r x]bf{ s8f lsl;dsf] b]lvP tfklg sf“rdf /x]sf c0f'x¿ cToGt dGb
ultdf t/n kbfy{ em}“ alu/x]sf x'G5g\ .

 sf“r Pp6f Pdkmf]{;, kf/bz{s jf ckf/bz{s wft'sf] l;lns]6sf] ld>0f xf] .

 sf“r pTkfbg ug{ lgDglnlvt j:t'x¿ k|of]u ul/G5 M

– l;lnsg, kf]6f;, ;f]8f, ln8 / SoflN;od

– ;Ç6Unf; sd tfkj|mddf kUnG5 / of] ;:tf] x'G5 .

– /ª\uLg sf“rx¿ ;'Gb/ j:t' tyf cfsif{s 6fon agfpg k|of]u ul/G5 .

/];f skf; -kmfOa/_ / ;]/fldS;

 skf;nfO{ Oyfof]lgs Pl;8;“u ldnfP/ /fv]df s[lqd /];f (rayon) aG5 .  /]og kQf
nufPsf] s]xL ;dokl5 Ps hgf cd]l/sL /;fogzf:qL 8An'=Pr\= Sof/yf];{n] gfOng kQf
nufP . h'g alnof] lsl;dsf] x'G5 .

 pmg / /];d hgfj/x¿af6 kfOg] /];fx¿ x'g\ . logLx¿ tfksf] s'rfns x'gfn] lxp“b]
kf];fs agfpg k|of]u ul/G5 .

 z'4 ;]tf] df6f]nfO{ sfcf]lng elgG5 . o;nfO{ /fd|f lsl;dsf ef“8fs'“8f tyf sk, Kn]6
agfpg k|of]u ul/G5 .



84 lzIfs lgb]{lzsf, lj1fg, sIff – !)

Knfl:6s

 dflg;n] agfPsf] s[lqd kf]lnd/nfO{ Knfl:6s elgG5 . kf]lnd/ b'O{ k|sf/sf x'G5g\ M

– s[lqd kf]lnd/ M h:t} M Knfl:6s

– k|fs[lts kf]lnd/ M h:t} M k|f]l6g, /a/, :6fr{

 Knfl:6s pTkfbg ug{ cfjZos kg] { df]gf]d/ k]6«f]lnod kbfy{ h:t} vlgh t]naf6 lgsflnG5 .
To;af6 pTkGg x'g] cns]g (alkene) nfO{ ;fwf/0ftof :6f//fOg (styrane) elgG5 .

ydf]{Knfl:6s

 kf]lnlyg M of] Olylng sRrf kbfy{af6 pTkfbg ul/G5 . o;af6 Knfl:6ssf] tfp tyf
ef“8fs'“8f agfpg k|of]u ul/G5 .

 kf]lnefOgfOn Snf]/fO8 -lk=le=;L_ M efO/fOn Snf]/fO8 dgf]d/nfO{ kf]lnd/fOh];g u/L
of] tof/ ul/G5 . of] lah'nLsf] tf/sf] crfns j:t' agfpg k|of]u ul/G5 .

 a]s]nfO6 M of] sfaf]{lns Pl;8 / kmdf{lngaf6 agfPsf] x'G5 . o;sf] /ª uf9f / v}/f]
x'g'sf ;fy} s8f / lk6lk6 ef“lrg] vfnsf] x'G5 .

;fa'g / l86/h]G6

 af];f] jf t]nnfO{ Iff/;“u cf;jg ubf{ ;fa'g / lunl;/f]n aG5 . o;k|sf/sf] P:6/sf]
hns0fnfO{ ;faf]gLs/0f elgG5 . ;fa'gsf] c0f'df nfdf] xfO8«f]sfa{g efu / ;f]l8od jf
kf]6fl;od nj0fsf] sfaf]{h]n]6 (carboxylate) ;d"x x'G5 . xfO8«f]sfa{g efunfO{ k'R5/ /
sfaf]{h]n]6nfO{ lz/ dfGg ;lsG5 . ;fa'g klxnf] l86/h]G6 xf] . xfn l86/h]G6df s]xL
;'uGwx¿ /flvPsf x'G5g\ .

 l86/h]G6sf c0f'x¿ b'O{ efuaf6 ag]sf x'G5g\ . ltgLx¿df 6fpsf] / k'R5/ x'G5 . k'R5/
xfO8«f]kmf]las xf] . o;nfO{ kfgLsf c0f'x¿n] cfslif{t ub}{gg\ . 6fpsf] xfO8«f]lkmlns xf] .

 xfO8«f]kmf]las M kfgL 3[0ff ug]{ (water hating)

 xfO8«f]lkmlns M kfgL dg k/fpg] (water loving)

sL6gfzs cf}ifwL

 bf];|f] ljZjo'4eGbf cufl8 ;fOgfO8 / lgsf]l6g h:tf /;fogx¿ sL6gfzs cf}ifwLsf]
¿kdf k|of]u ul/GYof] t/ clxn] cfP/ Snf]l/g / kmf]:km/; Olnd]G6 ePsf of}lus k|of]udf
cfPsf 5g\ .

 dfnflyofg / kf/flyg cuf}gf]kmf:km/; sL6gfzs cf}ifwLx¿ x'g\ eg] DDT, BHC, 8fOl8«g
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/ lngb]g cfuf{gf] Snf]l/go'St sL6gfzs cf}ifwLx¿ x'g\ . xfn cfP/ 8fOlN8«g/ k|of]u
ul/“b}g lsgls logLx¿sf] k|efjn] jGohGt' nf]k x'“b} uP .

dn

 dn kfgLdf 3'ngzLn x'g'k5{ . dndf ePsf tŒjx¿ la?jfn] ;lhn};“u lng] lsl;dsf]
x'g'k5{ . dn :yfloTj (stable) x'g'k5{ .

 NPK la?jfx¿nfO{ clt dxŒjk"0f{ dn ePsf] x'gfn] o;nfO{ k"0f{ dn (complete fertilizer)

elgG5 .

 o'l/of dndf $^ k|ltzt gfO6«f]hg x'G5 . of] lj|m:6fnfOg t6:y tyf kfgLdf a9L
3'ngzLn x'G5 .

CO2+2NH3 NH2 COO NH4 -Pdlgod sfaf]{g]6_

NH2COONH4 NH2CONH2+H2O

-o'l/of_

/f;folgs k|b"if0f

 c;fjwfgL, cfn:o / cJojl:yt sf/0fn] jftfj/0f kmf]xf]/ tyf b'u{Gwo'St eO/x]sf] 5 .
o;af6 /f]usf ls6f0f'x¿ xfjfaf6, kfgLaf6, ls/faf6 xfd|f] z/L/df k|j]z u/L
jftfj/0fdf dxfdf/L km}nfp“5 .
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PsfO !$ la?jf / hgfj/sf] juL{s/0f
(Classification of Plant & Animal)

cg'dflgt 3G6L M $

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt s'/fdf ;Ifd x'g] 5g\ M

!= k"mn km'Ng] la?jfx¿sf] -;al8lehg;Dd_ juL{s/0f ug{ .

@= 9f8 ePsf hgfj/x¿sf] -Snf;;Dd_ juL{s/0f ug{ .

#= k"mn km'Ng] la?jfx¿sf] nIf0fx¿ pko'St pbfx/0f;lxt j0f{g ug{ .

$= 9f8 ePsf hgfj/x¿sf -Snf;;Dd_ pko'St pbfx/0f;lxt j0f{g ug{ .

-v_ kl/ro

af]6la?jf tyf hgfj/x¿ nIf0fx¿sf cfwf/df Psfsf{aLr km/s x'G5g\ . oxL km/snfO{
Jojl:yt ¿kdf cWoog ug{ logLx¿sf] juL{s/0f ul/G5 . o; PsfOdf af]6la?jfx¿sf
lsª\8d, ;jlsª\8d, l8lehg, ;jl8lehg;Dd / hgfj/x¿sf lsª8d, kmfOnd / Snf;;Dd
juL{s/0f ug]{ cfwf/x¿;DaGwL cWofkg ug{ ;lhnf] xf];\ egL rrf{ ul/Psf] 5 . o; PsfO
cWofkg ug{ ljBfno / ;d'bfodf pknAw af]6la?jf tyf hgfj/sf pbfx/0fx¿ lbg' pko'St
x'g] 5 . vf;u/L cjnf]sg / 5nkmnn] ljBfyL{df 1fg tyf ;Lk ljsf; ug{ dbt ug]{ 5 .

-u_ lzIf0f ;fdu|L

aF]6la?jf juL{s/0fsf] rf6{, hgfj/ juL{s/0fsf] rf6{, af]6la?jf tyf hgfj/sf Do'lhod
:k]l;d]gx¿ tyf lrqx¿, ;Nnfsf] sf]g .

-3_ lzIf0f l;sfO lj|mofsnfk

 juL{s/0fsf] kl/efiff / dxŒjaf/] 5nkmn ug'{xf];\ .

 hgfj/ / jg:kltsf] juL{s/0f ubf{ ckgfOg] k|0ffnLsf] hfgsf/L lbg] / rf6{ k|bz{g u/L
hgfj/ / jg:kltsf] j|mddf lsª8d, l8lehg, ;jlsª8d x'“b} lhg; / :k]l;h;Dd hfg]
eP klg ;jl8lehg;Dd / hgfj/x¿sf] lsª8d, kmfOnd, Snf;, lhg; / :k]l;h;Dd
hfg] eP klg Snf;;Dd cWoog ug]{ s'/f atfOlbg'xf];\ .
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 jg:klt hutsf k|sf/x¿sf af/]df ljBfyL{x¿sf] k|ltlj|mof lng] / jg:kltnfO{ k"mn km'Ng]
/ gk'mNg] u/L b'O{ pkhutdf af“l8Psf] s'/f atfOlbg'xf];\ .

 k"mn km'Ng] la?jfsf efux¿ s]s] x'g\ eGg] k|Zg ;fd"lxs ¿kdf ;f]wL pQ/x¿ af]8{df
l6Kg] / h/f, sf08, xf“uf, kft, k"mn / lap x'G5g\ egL atfOlbg'xf];\ .

 k"mn km'Ng] la?jfsf] l8lehgx¿ atfOlbg'xf];\ .

 ljBfyL{x¿nfO{ kf7\ok':tssf] k]h gDa/ %# sf] l8lehg lhDgf:k]d{cGtu{t kg]{ la?jfsf
u|'kx¿ cWoog ug{ nufO{ tLgtLg hgfsf] ;d"xdf pgLx¿n] a'em]sf s'/fx¿ eGg / ;'Gg
nufpg'xf];\ .

 ;Nnfsf] sf]g b]vfp“b} of] lhDgf]:kd{cGtu{t kg]{ s'/f :ki6 kfl/lbg'xf];\ .

 ljBfyL{x¿nfO{ lhDgf]:kd{df kg]{ la?jfx¿sf] gfd atfp“b} c:ki6 ePsf u'0fx¿ eP ;f]wL
atfOlbg'xf];\ .

 ljBfyL{x¿nfO{ kf7\ok':tssf] k]h gDa/ %# sf] l8lehg PlGhof]:kd{cGtu{t kg]{ la?jfsf
u'0fx¿ cWoog ug{ nufpg] / tLgtLg hgfsf] ;d"x aGg nufO{ cfk"mn] a'em]sf / ga'em]sf
a'“bf eGg / ;'Gg nufpg'xf];\ .

 5nkmnkl5 :ki6 gePsf a'“bfx¿ eP ;f]wL atfOlbg'xf];\ .

 ljBfyL{x¿nfO{ rf/rf/ hgfsf] ;d"xdf a:g nufpg] / k|To]s ;d"xnfO{ ds}, e6df;,
tf]/L, sf]bf]sf u]8fx¿ lbg] / logLx¿nfO{ aLraf6 b'O{ kmSn]6f agfpg nufpg'xf];\ .
s'gs'gnfO{ b'O{ kmSn]6f agfpg ;lsof] / s'gs'gnfO{ ;lsPg < ;f]Wg'xf];\ .

 kfn}kfnf] ;d"xsf pQ/ l6Kb} hfg] / b'O{ kmSn]6f ePsfnfO{ b'O{bnLo / b'O{ kmSn]6f
gePsfnfO{ PsbnLo la?jf egL atfOlbg'xf];\ .

 :k]l;d]g ;d"xdf ljt/0f u/L kft, h/f, sf08sf] ;d]t cWoog ug{ nufO{ Ps bnLo / b'O{
bnLo la?jfx¿ 5'6\ofpg / lrGg nufpg'xf];\ .

 ;fOs;, ;Nnf], ds}, wfg, tf]/L, l;dLnfO{ lsª8d, ;jlsª8d, l8lehg / ;jl8lehgdf
juL{s/0f ug{ nufpg'xf];\ / juL{s/0fsf af/]df :ki6 kfl/lbg'xf];\ .

 9f8 ePsf / 9f8 gePsf b'O{ pkhutdf hGt' hutnfO{ af“l8Psf] atfO{ 9f8 gePsf
hgfj/x¿sf kmfOndx¿ k'g/fj[lQ ul/lbg'xf];\ .

 9f8 ePsf hgfj/x¿nfO{ kmfOnd s8]{6fdf /flvPsf] atfp“b} o; kmfOnddf kg]{
hgfj/x¿sf] nIf0f atfOlbg] / s8]{6fsf ;jkmfOndx¿ atfOlbg'xf];\ .

 ;jkmfOnd el6{a|]6fdf kg]{ hgfj/x¿sf] nIf0f atfp“b} o;cGtu{t kg]{ Snf;x¿ atfOlbg'xf];\ .
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 ljBfyL{x¿nfO{ lk;]h, PlDkmljof, /]lK6lnof, PE;, dfd]lnofsf :k]l;d]g tyf lrqx¿
cjnf]sg ug{ nufO{ nIf0fx¿ atfpg'xf];\ / o;cGtu{t kg]{ cGo hgfj/x¿sf] pbfx/0f
lbg'xf];\ .

 df5f, Eofu'tf, ;k{, k/]jf / dflg;nfO{, lsª8d, kmfOnd, ;jkmfOnd, Snf;df juL{s/0f
ug{ nufpg'xf];\ .

-ª_ d"Nofª\sg

!= k]mg/f]u]D;sf b'O{ l8lehgx¿ s]s] 5g\ <

@= lhDgf]:kd{cGtu{t kg]{ la?jfsf b'O{cf]6f nIf0fx¿ s]s] x'g\ <

#= PlGhcf]:kd{cGtu{t kg]{ la?jfsf b'O{cf]6f nIf0fx¿ s]s] x'g\ <

$= Ps bnLo la?jfsf b'O{cf]6f nIf0f / pbfx/0fx¿ s]s] x'g\ <

%= b'O{ bnLo la?jfsf b'O{cf]6f nIf0f / pbfx/0fx¿ s]s] x'g\ <

^= kmfOnd s8]{6fsf s'g} b'O{cf]6f u'0fx¿ s]s] x'g\ <

&= ;jkmfOnd el6{j|]6fsf tLgcf]6f d'Vo u'0fx¿ s]s] x'g\ <

*= lk;]h, PlDkmlaof, /]lK6lnof, PE; / dfd]lnofsf] Snf;df kg]{ hgfj/x¿sf] PsPscf]6f
u'0f / pbfx/0f s]s] x'g\ <

-r_ lzIfsnfO{ yk hfgsf/L

 juL{s/0f

;dfg / km/s u'0fsf cfwf/df hGt' tyf jg:kltx¿nfO{ ljleGg ;d"xdf ljeflht ug]{
k|lj|mofnfO{ juL{s/0f elgG5 .

 juL{s/0fsf] dxŒj

 hLljt k|f0fLx¿sf] cWoog ug{ ;lhnf] x'G5 .

 Ps}k6sdf w]/} hGt' tyf jg:kltx¿sf] cWoog ug{ ;lsG5 .

 o;n] ;/n hLjaf6 hl6n hLjsf] pTklQ ePsf] eGg] ljifodf k'li6 ub{5 .

 afOgf]ldon l;:6d ckm gf]d]gSn]r/ l:j8]gsf j}1flgs sf/f]n; lng]c;n] !&%* df
;j{k|yd ;'?cft u/]sf lyP . To;}n] pgnfO{ kmfb/ ckm 6\ofS;f]gdL elgG5 .
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 :k]l;h (Species) : hLjx¿ h;sf] :jefj, u'0f / cfsf/ cflbdf ;dfgtf kfOG5 eg]
ltgLx¿nfO{ Pp6f u|'kdf /flvG5 . o:tf] u|'knfO{ :k]l;h elgG5, h:t} M Ajf“;f] /
s's'/df ;dfgtf kfOg] ePsfn] logLx¿nfO{ Pp6} :k]l;hdf /flvPsf] 5 .

 lhg; (Genus) : ;DalGwt :k]l;hx¿sf] ;d"xnfO{ lhg; elgG5, h:t} M km]ln;
(Felis) cGtu{t la/fnf], af3, l;+x cflb kb{5g\ .

 jg:klt hut\ M !%

k|f]l6:6f–a]S6]l/of PNuL–:kfO/f]ufOP
(Protista)  (Algae)

yfnf]kmfO6f
(Thallophyta)

ck'iks a|fof]kmfO6f–d; kmGhfO{–Rofp
(Cryptogams) (Bryophyta) (Fungi)

6]l/8f]kmfO6f–plgp“
(Pteridophyta)

 jg:klt hut\

lhDgf]:kd{–;Nnf]
(Gymnosperm)

;k'iks
(Phanerogams)

låbnLo–s]/fp
(Dicotyledons)

PlGhcf]:kd{
(Angiosperm)

Ps bnLo – ds}
(Mono Cotyledor)

(Plant Kingdom)
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 a|fof]kmfO6fx¿ cf]l;nf] hldgdf pd|G5 t/ k|hggsf nflu kfgLsf] cfjZostf kg]{ jg:klt
ePsf] x'gfn] logLx¿nfO{ peor/ jg:klt klg elgG5 .

 s]xL jg:kltx¿sf] juL{s/0f

:kfO/f]ufO/f (Spirogyra)

Kingdom Plant

Sub-Kingdom Cryptogams

Division Thallophyta

Class Algae

Order Zygnematales

Family Zygonemataceae

Genus Spirogyra

Species Zonata

tf]/L (Mustard)

Kingdom Plant

Sub-Kingdom Phanerogams

Division Angeosperm

Class Dicotyledons

Order Peroetalas

Family Cruciferae

Genus Brassica

Species Campestris

wfg (Paddy)

Kingdom Plant

Sub-Kingdom Phanerogams

Division Angiosperm

Class Mono Cotyledons

Family Gramineae

Genus Oryza

Species Sativa
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k|f]6f]hf]cf–Pldjf
-Pssf]ifLo_

 OGel6{a|]6\;

hGt'hut\

d]6fhf]cf
-ax'sf]ifLo_

el6{a|]6\;    sf]8f{6f

kf]l/km]/f – :kf]lGhnf

l;nG6/]6f – xfO8«f

Kn]l6x]lNdGy]; – 6]kj{

lgdfy]lNdGy]; – h'uf

Plgln8f – u“8\of}nf

cfyf]{kf]8f

df]n:sf – zª\v]ls/f

OsfOgf]8d]{6f – :6f/lkm;

 hGt'h ut\

hGt'hut\nfO{ k|f]6f]hf]cf / d]6fhf]cf u/L b'O{ efudf ljefhg ul/Psf 5g\ M

lk;]h – df5f

PlDkmlaof – Eofu'tf

/]lK6lnof – ;k{

PE; – k/]jf

dfd]lnof – dflg;

OG;]S6f
– lem“uf

j|mi6fl;of
– uª\u6f]

c/fslg8f
– dfs'/f

dfl/of]kf]8f
– ;]lG6lk8
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juL{s/0f

Pldjf (Amoeba)

Kingdom Animal

Phylum Protozoa

Class Rhizopoda

Order Lobosa

Type Amoeba

Man Cat Dog

Kingdom Animal Animal Animal

Phylum Chordata Chordata Chordata

Class Mammalia Mammalia Mammalia

Order Primatas Carnvora Carnivora

Family Homonidae Felidae Canidae

Genus Homo Felis Canis

Species Sapiens Domestica Familaris

-gf]6 M lzIfs lgb]{lzsfdf Order / Family sf af/]df lbP tfklg ljBfyL{x¿nfO{ lbg' cfjZos 5}g ._



lzIfs lgb]{lzsf, lj1fg, sIff – !) 93

PsfO !% efO/; (Virus)

cg'dflgt 3G6L M @

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ efO/;sf :jefj / ;g]{ tl/sf, o;af6 dflg;df kg]{

k|lts"n c;/x¿ / lgoGq0f ug]{ pkfox¿sf] j0f{g ug{ ;Ifd x'g] 5g\ .

-v_ kl/ro

dflg;nufot hgfj/x¿ / af]6la?jfx¿nfO{ efO/;n] ubf{ /f]usf k|sf]kx¿ b]vf k5{g\ .
efO/; ;"Id lhjf0f' xf] . gfª\uf] cf“vfn] b]Vg g;lsg] of] lhjf0f' k"0f{¿kn] c¿ hLjdfly cfl>t
x'G5g\ . logLx¿ vf; hLjx¿df klg vf; k|sf/sf tGt'df hLljt /xG5g\ . cGoq lgl:j|mo
x'G5g\ . dflg;x¿df x'g] ;fwf/0f ?3f, xf8], kf]lnof], /]ljh, bfb'/f, P8\; cj:yf cflb efO/;sf
sf/0fn] x'g] ub{5 . o; PsfOdf efO/;sf] kl/ro, :jefj, nIf0f, c;/ / /f]syfdsf
pkfox¿sf af/]df rrf{ ul/g] 5 . vf;u/L ljBfno txdf cWoog ug]{ ljBfyL{x¿n] efO/;sf
c;/ / /f]syfdsf pkfox¿ hfgsf/L k|fKt u/L cfkm", cfÇgf] kl/jf/ / 5/l5d]sdf ;d]t
efO/;hGo ;ª\j|md0faf6 aRg] pkfox¿ cjnDag ug{ ;xof]u k'Ug] ck]Iff ul/Psf] 5 .

-u_ z}lIfs ;fdu|L

efO/;sf] lrq, efO/;hGo ;ª\j|md0fx¿sf] ;"rL .

-3_ lzIf0f l;sfO lj|mofsnfkx¿

 ljBfyL{x¿nfO{ b'O{b'O{ hgfsf] hf]8L aGg nufO{ kf7\ok':tssf] kf7 ‘efO/;’ cWoog ug{
nufO{ ‘efO/f]nf]hL’ sf] kl/efiff tof/ kfg{ nufpg'xf];\ . tL b'O{ hgfsf] hf]8LnfO{ glhssf]
csf]{ hf]8L;“u 5nkmn ug{ / efO/f]nf]hLsf] kl/efiff tof/ kfg{ nufO{ rf/ hgfsf] ;d"xsf]
lgisif{ k|:t't ug{ nufpg'xf];\ .

 efO/f]nf]hLsf] kl/efiff atfOlbg'xf];\ .

 rf/rf/ hgfsf] ;d"x agfO{ ‘lsg efO/;nfO{ clAnu]6/L kf/f;fO6 elgPsf] xf] <’ sf/0f
kQf nufpg nufpg] / k|:t'lts/0fkl5 lgisif{ atfOlbg'xf];\ .

 ;'tL{df nfUg] efO/;sf af/]df atfOlbg'xf];\ .

 efO/; lrq b]vfp“b} efux¿sf af/]df / cfsf/sf af/]df atfpg'xf];\ .



94 lzIfs lgb]{lzsf, lj1fg, sIff – !)

 efO/;sf] agfj6sf af/]df atfOlbg'xf];\ .

 kf“rkf“r hgfsf] ;d"xdf a:g / kf7\ok':tssf] efO/; kf7 cWoog ug{ nufO{ lgDglnlvt
k|Zgsf] pQ/ kQf nufpg nufpg'xf];\ M

 efO/;sf nIf0fx¿ s]s] x'g\ <

 efO/;sf ljz]iftfx¿ s]s] x'G5g\ <

 efO/; s;/L ;b{5 <

 ljBfyL{nfO{ ;d"xut ¿kdf pQ/x¿ k|:t't ug{ nufO{ efO/;sf nIf0fx¿, ljz]iftfx¿ / ;g]{
tl/sf atfOlbg'xf];\ .

 kf7\ok':tssf] k]h g+= !^! sf] lj|mofsnfk g+= !%=! eg{ nufO{ 5nkmn ug'{xf];\ .

 ljBfyL{x¿nfO{ ^ ;d"xdf af“8\g] / ;d"xut ¿kdf lgDglnlvt zLif{s ljt/0f u/L kf7\ok':ts
cWoog ug{ nufO{ lgisif{ k|:t't ug{ nufpg'xf];\ .

;d"x ! M ;fwf/0f ¿3f nfUgfsf sf/0f, nIf0f / lgoGq0fsf pkfox¿

;d"x @ M xf8] /f]u nfUgfsf sf/0fx¿, nIf0fx¿ / lgoGq0fsf pkfox¿

;d"x # M bfb'/fsf sf/0fx¿, nIf0fx¿ / lgoGq0fsf pkfox¿

;d"x $ M kf]lnof]sf sf/0f, nIf0fx¿ / lgoGq0fsf pkfox¿

;d"x % M /]ljhsf sf/0f, nIf0fx¿ / lgoGq0fsf pkfox¿

;d"x ^ M HIV / AIDS sf] kl/ro, ;g]{ tl/sf / aRg] pkfox¿ .

 ;d"xut k|:t'ltkl5 efO/;hGo ;ª\j|md0fsf] ;"rL k|:t't u/L ;fwf/0f ¿3f, xf“8], bfb'/f, kf]lnof]
/ /]ljh x'g] sf/0f, nIf0f / lgoGq0fsf pkfox¿sf af/]df atfOlbg'xf];\ .

 HIV / AIDS sf] kl/ro, HIV ;ª\j|md0fsf cj:yfx¿, HIV ;g]{ tl/sfx¿, HIV g;g]{ Jojxf/x¿,
cj;/jfbL ;ª\j|md0fx¿, HIV ;ª\j|md0af6 aRg] pkfox¿, AIDS sf] pkrf/sf af/]df
atfOlbg'xf];\ .

-ª_ d"Nofª\sg

!= kf7\ok':tssf kf7x¿ u/L, x]/L l;Sg'xf];\ / cEof;cGtu{tsf lj|mofsnfk / k|Zgx¿
u/fpg'xf];\ .

@= cj;/jfbL ;ª\j|md0fx¿ eg]sf] s] xf] <

#= HIV ;ª\j|md0fsf cj:yfx¿ s]s] x'g\ <
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$= HIV ;ª\j|md0faf6 aRg] pkfox¿ s]s] x'g\ <

%= s]s] ubf{ HIV ;b{5 <

^= s]s] ubf{ HIV ;b}{g <

-r_ lzIfsnfO{ yk hfgsf/L

efO/;sf] :jefj, ljz]iftf / ;g]{ tl/sf

 cfh;Dd kQf nufO;s]sf hLjx¿dWo] efO/; Ps k|sf/sf] Hofb} ;"Id tyf k|frLg hLj
xf] . of] JofS6]l/ofeGbf klg ;"Id ePsf] x'gfn] zlStzfnL ;"Idbz{s oGqaf6 klg x]g{ ufx|f] x'G5 .

 ;g\ !**^ df P8f]Nkm d]o/ (Adolf Mayer) n] efO/;n] ubf{ ;'tL{sf] kftdf nfUg] /f]u j0f{g
u/]sf lyP .

 ;g\ !(#% df Ps hgf cd]l/sg dfOj|mf]afof]nf]lh:6 :6]gn] (Stanley) 6f]afsf] df]Hofs efO/;
lj|m:6nsf] ¿kdf 5'6\ofP / o; lj|m:6nnfO{ kfgLdf 3f]lnO{ :j:y ;'tL{sf] kftdf nufp“bf tL
kftdf /f]usf nIf0f b]vf k/] .

 efO/;df Go'lSno; jf ;fO6f]KnfHd x'“b}g .

 efO/; PSnf] hLjg lgjf{x ug{ c;dy{ x'g] t/ cfltYo hLjdf cfl>t eO{ cg's"n jftfj/0fdf
o;sf] k"0f{ ljsf; x'g] ePsfn] efO/;nfO{ clAnu]6/L kf/f;fO6 (obligatory parasite)

elgG5 .

 efO/;df cf/\=Pg\=P= jf 8L=Pg\=P= h:tf Go'lSns Pl;8sf] cfj/0f x'G5 . o;nfO{ k|f]l6gsf]
kftnf] cfj/0fn] 9fs]sf] x'G5 . o;n] arfpg] sfo{ ub{5 .

 cfltYo hLjsf cfwf/df efO/;nfO{ lgDglnlvt tLg ju{df juL{s/0f ul/Psf] 5 M

(i) JofS6]l/on efO/; – o;n] JofS6]l/ofsf] sf]ifnfO{ cfj|md0f ub{5 .

(ii) jg:klt efO/; – o;n] jg:klt sf]ifnfO{ cfj|md0f ub{5 .

(iii) hGt' efO/; – o;n] hGt' sf]ifnfO{ cfj|md0f ub{5 .

 efO/;n] ubf{ la?jf, hgfj/ tyf dflg;x¿df ljleGg k|sf/sf /f]ux¿ nfU5g\ .

 efO/;n] ubf{ lakm/, 7]pnf, kx]“nf] Hj/f] tyf SofG;/ h:tf vt/fk"0f{ /f]u nfUg ;S5g\ .

 s]xL efO/;x¿n] AofS6]l/ofnfO{ cfj|md0f u/L ltgLx¿sf] Go'lSno/ d]6]l/on (nuclear

material) nfO{ gi6 ul/lbG5 eg] tL efO/;x¿nfO{ AofS6]l/of]km]h (bacteriophage)

elgG5 . oL efO/;x¿df k'R5/ / 6fpsf] x'G5 .
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;fwf/0f ?3f

 ;fwf/0f ?3f jif{sf] b'O{tLg k6s;Dd klg nfUg ;S5 .

 /fOgf]efO/;n] ;fwf/0f ?3f nfU5 eg] Pl8gf] efO/;n] ubf{ ;fwf/0f ?3faf6 6gl;nfOl6;,
:j/ ;'Sg] tyf lgdf]lgof /f]u nfUg ;S5 .

 ;fwf/0f ?3f nfUbf gfs / 3f“6L v;v;fpg], cf“vf /ftf] / /l;nf] x'g] tyf :j/ g;fx¿
(vocal cord) df ;ª\j|md0f eO{ :j/df PSsfl; kl/jt{g cfp“5 .

 y's, vsf/ tyf l;“ufg plrt tl/sfn] lj;h{g ugf{n] of] /f]usf] /f]syfd ug{ ;lsG5 .

 tftf] kfgLsf] afkm lng' ;fwf/0f ?3f lgsf] kfg]{ k|d'v pkfo xf] .

xf8]

 of] d'VotofM s]6fs]6Lx¿nfO{ nfUg] ;?jf /f]u xf] . hLjgsfndf of] /f]u Psk6s dfq
nfU5 tfklg s;}s;}nfO{ bf]xf]l/Psf] klg kfOG5 .

 Hj/f] cl:y/ x'g', kf/f]l6s u|GyL ;'lGgg' / b'Vg'sf ;fy} lgNg ufx|f] x'G5 t/ of] /f]u nfu]sf]
b'O{tLg lbgkl5 ;'lGgPsf] kf/f]l68 u|GyL la:tf/} sd x'G5 .

 cf/fd ug'{, ;ª\j|md0f ePsf] efudf tftf] jf a/kmn] ;]Sg' tyf d'v ;w}“ ;kmf /fVg' o;
/f]usf pkrf/ ljlwx¿ x'g\ .

bfb'/f

 of] /f]un] 5fnfafx]s cf“vf, Zjf; km]g]{ gnL, kmf]S;f] tyf cfGb|fdf klg c;/ kfb{5 . of] /f]u
PskN6 nfu]kl5 km]l/ bf]xf]l/P/ cfp“b}g .

 /f]uLn] k|rngdf NofPsf n'ufkmf6f tyf ef“8fs'“8f cflbaf6 klg of] /f]u ;g{ ;S5 .

 ;'?df tLgrf/ lbg;Dd ?3fsf] nIf0f b]vf kg]{ / rf}yf] lbgkl5 klxnf cg'xf/ tyf kl5 z/L/sf
cGo efux¿df /ftf/ftf dl;gf bfgfx¿ b]vf kb{5g\ . bfgfx¿ $ b]lv ^ lbg;Dd /xL
kl5 la:tf/} x/fP/ hfg'sf ;fy} Hj/f] klg lgoGq0f x'G5 .

 /f]uLsf] y's, vsf/ tyf l;“ufg plrt tl/sfn] lj;h{g ug'{kb{5 .

 /f]uLnfO{ 5'6\6} sf]7fdf cf/fd u/fp“bf of] /f]usf] /f]syfd ug{ ;lsG5 .
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kf]lnof]

 kf]lnof] ;fwf/0ftof ;–;fgf s]6fs]6LnfO{ nfUg] Psk|sf/sf] ljZjJofkL ;?jf /f]u xf] .

 ;'?df ;fwf/0f ?3fsf] nIf0f b]vf kg'{, jfsjfs nfUg', jfGtf x'g', emf8fkvfnf jf
slAhot x'g' cflb nIf0f b]vf k/L /f]u lgsf] ePh:tf] x'G5 tfklg s'g} j]nf xftv'6\6fsf
df+;k]zLdf c;/ kg{ uO{ kIf3ft x'g ;S5 .

 kf]lnof]af6 aRg aRrf hlGdPsf] ^ xKtfb]lv Ps jif{leq kf]lnof]lj?4 vf]k -;fNs
EoflS;g jf ;ljg cf]/n EoflS;g_ lbg'kb{5 . of] vf]k klxnf] k6s lbPsf] PsPs
dlxgfsf] km/s kf/L tLg k6s lbg'kb{5 .

/]ljh

 ax'nf s's'/ jf ax'nf hgfj/sf] ¥ofndf kfOg] efO/; hgfj/n] 6f]Sbf jf 3fp ePsf]
7fp“df rf6\bf z/L/leq k|j]z u/L sl/a $ b]lv ^ xKtfleq /]lahsf nIf0fx¿ b]vf
kb{5g\ .

 6fpsf] b'Vg', Hj/f] cfpg', xNsf jf pHofnf] k|sfz ;xg g;Sg', z/L/ sDk x'g', tGsg'
tyf lgNg ufx|f] x'g' cflb nIf0fx¿ b]vf kb{5g\ . cGTodf /f]uLsf] d[To' ;d]t x'g ;S5 .

 5f8f s's'/ lgoGq0f ug'{, kfNt' hgfj/nfO{ /]ljhlj?4 vf]k nufpgfn] of] /f]usf] /f]syfd
ug{ ;lsG5 .

P8\;

 cflh{t jf c¿af6 k|fKt u/]sf] k|lt/Iff k|0ffnL sdhf]/ jf gfz x'g] ;lDdl>0f nIf0fx¿af6
k|lt/Iff k|0ffnLsf] sdhf]/L x'gfsf sf/0fn] ubf{ ljleGg /f]usf nIf0fx¿ Ps};fy b]vf kg'{
g} P8\; xf] .

 ;g\ !(*! df dfq yfxf ePsf] P8\; /f]u xfn ljZjdf sl/a b'O{ s/f]8eGbf a9L
dflg;nfO{ nflu;s]sf] cg'dfg ul/Psf] 5 . g]kfndf dfq} P8\; ljiff0f' ePsf /f]uLsf]
;ª\Vof @,@),))) eGbf a9L ePsf] cg'dfg ul/Psf] 5 .

 z/L/df HIV k|j]z u/]kl5 ^ xKtfkl5 dfq /f]uLsf] /ut k/LIf0faf6 P8\;sf ljiff0f' b]vf
kb{5g\ .

 z/L/sf] tf}n Ps dlxgfdf ;fljssf] eGbf b; k|ltztn] 36\g', lg/Gt/ Hj/f] cfO/xg'
tyf a9L ;do;Dd lb;f nfUg' cflb P8\;sf k|d'v nIf0fx¿ x'g\ .

 vf]sL nfUg', z/L/ lrnfpg', z/L/df vl6/f cfpg', h'g /f]usf] ;?jf /f]un] cfj|md0f
u/]sf] xf] ;f] /f]usf nIf0fx¿ nfdf] ;do;Dd /xg' cflb P8\;sf ;fwf/0f nIf0fx¿ x'g\ .



98 lzIfs lgb]{lzsf, lj1fg, sIff – !)

 of}g tyf k|hgg :jf:Yo lzIffdf hf]8 lbg'sf ;fy} hg;d'bfodf hgr]tgf hufpg] sfo{j|md
;~rfng u/]df P8\;sf] /f]syfd ug{ ;lsG5 .

lj|mofsnfk M efO/; /f]usf] tYofª\s ;ª\sng

p2]Zo M dflg;nfO{ nfUg] s]xL efO/; /f]ux¿af/] kl/lrt u/fpg .

;do M gof“ z}lIfs ;q ;'? x'gf;fy

:yfg M 3/, ljBfno tyf jl/kl/sf ;d'bfo

ljlw M

!= tn lbOPsf tflnsf ljBfyL{x¿nfO{ cf–cfÇgf] sfkLdf ptfg{ nufpg'xf];\ .

tflnsf

j|m=;+= :yfg /f]usf] gfd efO/;sf] c;/ kg]{ ;g]{ dfWod lgoGq0fsf

gfd efu pkfo

@= sIffsf ;Dk"0f{ ljBfyL{nfO{ ;d"xut ¿kdf ljeflht u/L km/skm/s :yfgdf efO/;hGo
/f]ux¿ cWoog ug{ nufO{ ltgsf] k"0f{ ljj/0f cf–cfÇgf] sfkLsf] tflnsfdf eg{ nufpg] .

#= ;d"xut ¿kdf ;ª\slnt efO/;hGo /f]ux¿sf] ljj/0f lglZrt cjlwleq k]; ug{
nufpg] .

$= ;ª\slnt efO/;hGo /f]usf] ljj/0faf/] ljBfyL{x¿df ;d"xut 5nkmn u/fpg] .

%= lzIfsn] cfjZostfcg';f/ efO/;hGo /f]ux¿sf] yk hfgsf/L lbg] .
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PsfO !& sf]if ljefhg (Cell Division)

cg'dflgt ;do M & 3G6f

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{ ug{ ;Ifd x'g] 5g\ M

!= hLljt j:t'x¿df x'g] ;f]dfl6s sf]if ljefhg (Somatic cell division) lrq;lxt j0f{g ug{ .

@= hLljt j:t'x¿df x'g] ldof]l6s sf]if ljefhg (meiotic cell division) lrq;lxt JofVof
u/L ;hLjsf] dxŒj atfpg .

#= ;f]dfl6s / ldof]l6s sf]if ljefhgdf leGgtf b]vfpg .

-v_ kl/ro

jg:klt / hgfj/x¿sf] z/L/ sf]ifx¿af6 ag]sf x'G5g\ . oL sf]ifx¿sf] ljefhgaf6 g}
;lhjx¿sf] j[l4, j+zf0f'ut u'0fx¿ x:tfGt/0f, d}y'lgs tyf cd}y'lgs k|hgg ;Dej x'g]
ub{5 . o; PsfOdf sf]if ljefhgsf k|sf/, dxŒj Pjd\ leGgtfsf af/]df rrf{ ul/g] 5 .

-u_ z}lIfs ;fdu|Lx¿

dfO6f]l;; / ldof]l;; sf]if ljefhgsf] rf6{ tyf df]8]n, :nfO8, dfOj|mf]:sf]k .

-3_ lzIf0f l;sfO lj|mofsnfk

 sf]ifsf ;DaGwdf ljBfyL{x¿nfO{ cfkm"nfO{ yfxf ePsf] s'/f eGg nufpg'xf];\ . ljBfyL{x¿sf]
k|ltlj|mofsf cfwf/df sf]ifsf] yk hfgsf/L lbg'xf];\ .

 j|mf]df]hf]dsf] kl/ro / ljleGg jg:klt / hgfj/df o;sf] ;ª\Vof atfOlbg'xf];\ .

 hLgsf] sfd atfOlbg'xf];\ .

 sf]if ljefhgsf k|sf/ atfO{ :jfefljs sf]if ljefhgsf] kl/ro lbg'xf];\ .

 dfO6f]l;; sf]if ljefhgsf cj:yfx¿ / OG6/km]hsf] hfgsf/L lrq tyf df]8nåf/f
 lbg'xf];\ .

 :nfO8 / dfOj|m:sf]ksf] jf rf6{sf] ;xfotfn] dfO6f]l;;sf rf/cf]6f cj:yfx¿ cjnf]sg
ug{ nufO{ lrq lgdf{0f ug{ nufpg] / cfjZostfcg';f/ ;xof]u ul/lbg'xf];\ .

 sfl8of]sfOg]l;; / ;fO6f] sfOg]l;;af/] 5nkmn u/L :ki6 kfl/lbg'xf];\ .
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 dfO6f]l;; sf]if ljefhgsf] dxŒj plNnlvt rf6{ k|:t't u/L 5nkmn ug]{ / pbfx/0fx¿
lbP/ :ki6 kfl/lbg'xf];\ .

 sIff !) sf] kf7\ok':tssf] sf]if ljefhg zLif{scGtu{t lj|mofsnfk !&=! sf] dfO6f]l;;
sf]if ljefhgsf] gd'gf tof/ kfg{ nufpg'xf];\ -b'O{b'O{ hgfsf] ;d"xdf_

 gd'gf tof/ kfl/;s]kl5 pTs[i6 gd'gf 5gf]6 u/L k'/:s[t ug'{xf];\ .

 ldcf]l;; sf]if ljefhsf] kl/efiff lb“b} o;nfO{ Go"gLs/0f ljefhg (reductional division)

eGg'sf] sf/0f atfOlbg'xf];\ .

 ldcf]l;; sf]if ljefhg hg]lGb|o sf]ifdf x'g] s'/f atfOlbg'xf];\ .

 ldcf]l;; sf]if ljefhgsf cj:yfx¿sf] rf6{ k|bz{g u/L 5nkmn ug]{ / lrqx¿ lgdf{0f
ug{ nufpg'xf];\ .

 ldcf]l;; bf];|f] ljefhgsf] kl/ro lbg'xf];\ .

 ldcf]l;; bf];|f] ljefhg g} dfO6f]l;; sf]if ljefhg xf] egL :ki6 kfl/lbg'xf];\ .

 ldcf]l;; sf]if ljefhgkZrft\ sltcf]6f ;GttL sf]ifx¿ aG5g\ < ;GttL sf]ifdf j|mf]df]hf]dsf]
;ª\Vof sltcf]6f x'G5g\ eGg] k|Zg ;f]wL 5nkmn ug'{xf];\ .

 ldcf]l;; sf]if ljefhgsf] dxŒj plNnlvt rf6{ k|:t't ug'{xf];\ / 5nkmn ug'{xf];\ .
dxŒjx¿ pbfx/0f;lxt :ki6 kfg'{xf];\ / ;"rL l6Kg nufpg'xf];\ .

 ldcf]l;; sf]if ljefhgn] j+zf0f'ut leGgtf cfpg] sf/0f lsg xf]nf ;f]wL 5nkmn
ug'{xf];\ .

 kf7\ok':tssf] lj|mofsnfk !&=@ cGtu{t ldcf]l;; sf]if ljefhgsf] gd'gf b'O{b'O{ hgfsf]
;d"xdf tof/ kfg{ nufpg'xf];\ .

 gd'gf tof/ kfl/;s]kl5 pTs[i6nfO{ k'/:s[t ug'{xf];\ .

 dfO6f]l;; / ldcf]l;; sf]if ljefhgsf leGgtf plNnlvt rf6{ k|:t't u/L 5nkmn ug'{xf];\
/ ;"rL skLdf tof/ kfg{ nufpg'xf];\ .

 l8KNjfO8 / xfKnf]O8 sf]ifx¿sf] kl/ro lbg'xf];\ .

-ª_ d"Nofª\sg

!= sf]if ljefhgsf k|sf/x¿ s]s] x'g\ <
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@= dfO6f]l;; sf]if ljefhg eg]sf] s] xf] <

#= OG6/km]hdf s]s] b]Vg ;lsG5 <

$= dfO6f]l;;sf rf/ cj:yfx¿ s]s] 5g\ <

%= sfO/f]sfOg]l;; / ;fO6f]sfOg]l;;aLr s] leGgtf 5 <

^= dfO6f]l;; sf]if ljefhgsf dxŒjx¿ s]s] x'g\ <

&= lsg ldof]l;; sf]if ljefhgnfO{ Go"gLs/0f ljefhg elgG5 <

*= k|f]km]hsf rf/ cj:yfx¿ s]s] x'g\ <

(= l;glK;; / j|ml;ªcf]e/ eg]sf] s] xf] <

!)= ldcf]l;; bf];|f] s:tf] k|sf/sf] ljefhg xf] <

!!= ldcf]l;; sf]if ljefhgsf dxŒjx¿ s]s] x'g\ <

!@= l8KNjfO8 / xKNjfO8 sf]if eg]sf] s] xf] <

!#= kf7\ok':tssf cEof;x¿af6 k|Zgx¿ ;f]w]/ klg d"Nofª\sg ug'{xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

sf]if tyf sf]if ljefhgsf k|sf/

 z/L/sf] cfwf/e"t PsfOnfO{ sf]if elgG5 .

 a]nfotsf j}1flgs /a6{ x'sn] ;g\ !^^% df sf]ifnfO{ ;f]gf] sf]7f egL gfds/0f u/] .

 sf]if k"0f{¿kdf kl/kSj eO{ b'O{ jf b'O{eGbf a9L ;Gtlt sf]ifx¿ aGg] k|lj|mofnfO{ sf]if
ljefhg elgG5 .

 j+zf0f'ut u'0f k|;f/0f ug]{ PsfOnfO{ j+zf0f' (gene) elgG5 . of] k|foM 8LPgPaf6 ag]sf]
x'G5 .

dfO6f]l;;

 hd{gsf hLj j}1flgs jfN6/ Çn]ldª (Walter Flaming) n] ;g\ !*&* df ;j{k|yd sf]if
ljefhgsf] cWoog u/]sf lyP .

 dfO6f]l;; sf]if ljefhgdf Pp6f dfp sf]if (parent cell) ljeflht eO{ b'O{cf]6f p:t} ;Gtlt
sf]if aGg] x'gfn] o;nfO{ ;dfg ljefhg klg elgG5 .
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 sf]if ljefhg jf:tjdf rf/cf]6f cj:yfdf k"/f x'G5 .

 t/ OG6/km]h sf]if ljefhg x'g'eGbf cufl8sf] cj:yf xf] .

 Go'lSno/ d]Da|]gb]lv aflx/ ePsf ;fgf] cG8fsf/ j:t'nfO{ ;]G6«f]hf]d elgG5 t/ ;]G6«f]hf]ddf
x'g] Pp6f jf b'O{cf]6f ;fgf] agfj6 ePsf] j:t'nfO{ ;]G6«cf]N; elgG5 .

 Go'lSno;sf] ljk/Lt w|'jlt/ ;]lG6«cf]n ;b{5 / ;]G6«f]cf]nsf] rf/}lt/ k|f]l6gsf /]zfx¿
(astral rays) aG5 . ;dli6ut ¿kdf ;]lG6«cf]n / k|f]l6gsf /]zfx¿nfO{ P:6/ (aster)

elgG5 .

 l:kG8n k|f]l6gaf6 ag]sf] x'G5 .

dfO6f]l;; sf]if ljefhgsf] dxŒj

 dfO6f]l;; sf]if ljefhgn] sf]ifsf] j+zf0f'ut l:y/tf sfod /fV5 .

 Pldjf, PNuL tyf JofS6]l/ofh:tf lgDg:t/sf hLjx¿df dfO6f]l;; sf]if ljefhgaf6
;Gtfgf]Tkfbg x'G5 .

ldcf]l;; ljefhg

 ldcf]l;; sf]if ljefhgkl5 Pp6f l8KNjfO8 sf]ifaf6 rf/cf]6f xfoKNjfO8 sf]if aGg]
x'gfn] o;k|sf/sf] ljefhgnfO{ Go"gLs/0f ljefhg (reduction division) klg elgG5 .

 xf]df]nf]u; j|mf]df]hf]d M ;dfg hf]8L ePsf] j|mf]df]hf]dnfO{ xf]df]nf]u; j|mf]df]hf]d elgG5 .
dflg;df ;fwf/0ftofM @# hf]8L xf]df]nf]u; j|mf]df]hf]d x'G5 . h'g sf]ifdf xf]df]nf]u;
j|mf]df]hf]dsf] ;]6 k"0f{ x'G5, To:tf] sf]ifnfO{ l8KNjfO8 sf]if elgG5 .

 k|To]s Uofd]6df j|mf]df]hf]dsf] ;ª\Vof cfwf x'G5 eg] To;nfO{ xfoKNjfO8 elgG5 .

 xf]df]nf]u; j|mf]df]hf]dx¿ k/:k/ hf]l8Psf x'G5g\ / hf]l8Psf] :yfgnfO{ :gflK;; (synapsis)

elgG5 .

 ldcf]l;; klxnf] ljefhgdf j|mf]df]hf]dsf] ;ª\Vof cfwf x'G5 t/ ldcf]l;; bf];|f] dfO6f]l;;
sf]if ljefhg h:t} x'G5 .

ldcf]l;; sf]if ljefhgsf] dxŒj

 ldcf]l;; sf]if ljefhgn] j|mf]dfl68 d]6]l/on ;f6km]/ ug{ ;xof]u k'¥ofp“5 / j|ml;ª cf]e/n]
kl/j[lQ Nofp“5 .
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PsfO !* cd}y'lgs / d}y'lgs k|hgg
(Asexual and Sexual Reproduction)

cg'dflgt 3G6L M $

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ la?jf / hgfj/df x'g] cd}y'lgs k|hgg lj|mof pbfx/0f;lxt

j0f{g ug{ ;Ifd x'g] 5g\ M

-v_ kl/ro

o; PsfOdf k|hggsf b'O{ lsl;dx¿ d}y'lgs (Sexual) / cd}y'lgs Asexual) sf af/]df kl/ro
lbg'sf ;fy} oL b'j} k|lj|mofåf/f hgfj/ / la?jfdf x'g] k|hgg lj|mofsf ;DaGwdf lj:t[t
hfgsf/L lbg vf]lhPsf] 5 . o;cGtu{t la?jfdf x'g] cd}y'lgs k|hgg h:t} M lkm;g, jl8ª,
k|mfud]6];g, :kf]?n];g / e]lh6]l6d k|f]kfu];gsf af/]df 5f]6s/Ldf hfgsf/L lbOPsf] 5 eg]
d}y'lgstkm{ k/fu;]rg / uef{wfgsf af/]df JofVof ul/Psf] 5 . To;}u/L hgfj/df x'g]
cd}y'lgs k|hggtkm{ lkm;g, jl8ª / l/h]g]/];g tyf hgfj/df x'g] d}y'lgs k|hggsf af/]df
5f]6s/Ldf ;lrq JofVof ul/Psf] 5 . of] PsfOsf] lzIf0f ubf{ lzIfs ;fyLx¿n] ;Dej ePsf]
cj:yfdf k|ToIf cjnf]sg u/fpg] / ;f] gePdf rf6{ jf lrqsf dfWodaf6 lzIf0f ug'{ pko'St
x'G5 .

-u_ z}lIfs ;fdu|Lx¿

cd}y'lgs k|hggsf rf6{x¿, 6';f lg:s]sf] cfn', Kofh, a|fof]kmfOnd -ds/_ u'nfj, cb'jf, 9';L,
k/fu;]rg / uef{wfg b]lvg] rf6{ cflb .

-3_ lzIf0f l;sfO lj|mofsnfk

 ljBfyL{x¿nfO{ d}y'lgs / cd}y'lgs k|hgg eg]sf] s] xf] eGg] ;DaGwdf kl/lrt
u/fpg'xf];\ . o;f] ubf{ oL b'O{aLr b]lvg] ;dfgtf / leGgtf klg l6kf]6 u/]/ b]vfOlbg'xf];\ .

 la?jfx¿df x'g] cd}y'lgs k|hgg lj|mofdWo] JofS6]l/of, 8fOP6ddf x'g] lkm;g, O:6df x'g]
jl8ª, :kfO/f]ufO/fdf x'g] kmfud]G6];g, Do's/sf] :kf]?n];g tyf cfn', cb'jf cflbsf
e]lh6]l6e k|f]kfu];gsf af/]df JofVof u/L ;Dej eP tL la?jfsf] k|hgg tl/sf b]vfpg
;fdu|L g} NofO{ k|of]u u/L k|ToIf b]vfpg'xf];\ .
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 hgfj/df x'g] cd}y'lgs k|hgg lj|mof a'emfpg cldjfdf x'g] jfxg/L lkm;g / Knfhdf]l8oddf
x'g] dlN6kn lkm;gsf af/]df rf6{ b]vfO{ :ki6 kfg'{xf];\ .

 To;}u/L jl8ª / l/h]g]/];gsf af/]df klg pbfx/0f;lxt lrqåf/f :ki6 kfg'{xf];\ .

 o;}u/L la?jfx¿df x'g] d}y'lgs k|hggdf k/fu;]rg / uef{wfg b'j} lj|mof s;/L x'G5g\ <
lrqåf/f :ki6 kfg'{xf];\ . Pslnª\uL / lålnª\uL km"nsf af/]df pbfx/0f lbO{ logLx¿df
k/fu;]rg x'g] tl/sf atfOlbg'xf];\ .

 o;}u/L hgfj/x¿df x'g] d}y'lgs k|hggsf af/]df JofVof ug'{xf];\ . o;f] ubf{ afx\o
uef{wfg / leqL uef{wfgaf/];d]t ljBfyL{x¿nfO{ :ki6 kfl/lbg'xf];\ .

 cd}y'lgs / d}y'lgs k|hgg lj|mofsf kmfObf / a]kmfObfx¿ ljBfyL{x¿nfO{ g} s]nfpg nufO{
s]xL yk eP cfkm"n] atfP/ :ki6 kfg'{xf];\ .

-ª_ d"Nofª\sg

 kf7\ok':tssf] u/L, x]/L l;Sg'xf];\ v08sf] g+= ! / @ ljBfyL{x¿nfO{ ug{ nufpg'xf];\ .

 Pslnª\uL / lålnª\uL km"nx¿af6 s;/L k/fu;]rg eO{ uef{wfg x'G5 < n]Vg'xf];\ .

 la?jfdf k/fu;]rg / uef{wfg b]vfpg] /fd|f] lrq tof/ ug'{xf];\ .

 d}y'lgs / cd}y'lgs k|hggaf6 x'g] kmfObf / a]kmfObfsf] t'ngf ug'{xf];\ cflb .

-r_ lzIfsnfO{ yk hfgsf/L

 cd}y'lgs k|hgg

 s'g} klg hLjhGt'n] cfÇgf] j+z sfod ug{sf nflu cfk"m h:t} u'0f ePsf] ;Gtfg
hGdfpg] k|lj|mofnfO{ k|hgg elgG5 .

 s'g} klg hLj -hGt' tyf jg:klt_ Ps sf]ifLo xf];\ jf ax'sf]ifLo ltgLx¿df k|hggsf]
7"nf] dxŒj 5 . k|hgg lj|mof ePg eg] cfk"m h:t} ;Gtfg hGdfO{ j+z k/Dk/f sfod
ug{ ;Sb}g .

 cd}y'lgs k|hggdf Pp6f dfq dfp sf]if (mother cell) ePsf] x'G5 . o;df d"n z/L/sf]
s'g} efu 5'6\l6P/ jf ljsl;t eP/ gof“ hLj aG5 . o;df efn] / kf]yL Uofd]6sf]
ldng rj|m ;dfj]z x'“b}g . o; cd}y'lgs k|hggdf ldof]l;; sf]if ljefhg x'“b}g . o;
k|sf/sf] k|hgg ;fwf/0f hLjx¿df x'G5 .

 Pldjfdf x'g] k|hgg

Pldjf Pssf]ifLo hLj ePsf] x'gfn] cd}y'lgs k|hgg afOg/L lkm;gaf6 x'G5 . cldjf
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kl/kSj ePkl5 uf]nfsf/ ¿k lnO{ Go'lSno; nlDaP/ aLrsf] efuaf6 ljefhg eP/
b'O{cf]6f ;Gtlt sf]ifx¿ (daughter cells) aG5g\ .

 yfnf]kmfO6f -Rofp_, a|fof]kmfO6f -lne/j6{_ / 6]l/8f]kmfO6f -plgp“_ ju{sf la?jfx¿df
:kf]?n];g ljlwaf6 klg k|hgg x'G5 .

 e]lh6]l6e k|f]kfu];g vf;u/L b'O{ k|sf/sf x'G5g\ M

(i) k|fs[lts e]lh6]l6e k|f]kfu];g

(ii) s[lqd e]lh6]l6e k|f]kfu];g .

 k|fs[lts e]lh6]l6e k|f]kfu];gdf vf;u/L la?jfsf sf08, h/f / kfth:tf efux¿af6
gof“ la?jfx¿sf] ljsf; x'G5 .

 s[lqd e]lh6]l6e k|f]kfu];g ljleGg tl/sfaf6 x'G5 . la?jfsf] s'g} efu sf6]/, u|fkml6ª,
n]l/ª÷l6:o' sNr/ / Snf]lgª ljlwaf6 k|hgg x'G5 .

 d}y'lgs k|hgg

 efn] / kf]yLsf] k|hgg cª\uaf6 lg:s]sf] z'j|msL6 / l8Da sf]ifsf] ldng eO{ ;Gtfg
pTkGg x'g] lj|mofnfO{ d}y'lgs k|hgg elgG5 .

o;df ldof]l;; sf]if ljefhgaf6 Uofd]6\;sf] lgdf{0f x'G5 . of] lj|mof ;fwf/0f tyf
hl6n hLjx¿df x'G5 .

 k|hgg tŒjnfO{ Uofd]6 elgG5 . efn] / kf]yL u/L Uofd]6 b'O{ k|sf/sf x'G5g\ . efn]
Uofd]6nfO{ z'j|msL6 elgG5 h'g w]/} ;fgf] t/ lj|mofzLn x'G5 . logLx¿sf] 6fpsf]
uf]nf] / k'R5/ nfdf] x'G5, o;nfO{ Çnfh]nd elgG5 t/ kf]yL Uofd]6nfO{ l8Da sf]if
elgG5 . logLx¿sf] cfsf/ 7"nf] r/ crn x'G5g\ . logLx¿ uf]nfsf/ jf l8Dafsf/sf
x'G5g\ .

 s'g} Pp6f km"nsf] k/fus0f lgsfn]/ ToxL km"n :qLs]z/ (stigma) ;Dd k'Ug] lj|mofnfO{
:jk/fu;]rg (self pollination) elgG5 t/ s'g} Pp6f la?jfsf km"nsf] k/fus0f lg:s]/
ljleGg dfWodaf6 csf]{ km"nsf] :qLs]z/;Dd k'Ug] lj|mofnfO{ k/k/fu;]rg (cross

pollination) elgG5 .

Reference books

1. Co-ordinate Science Biology-Marry Jones & Geoff

2. Modern Biology- James & Albert

3. A Text Book of Botany - A.C. Dutt



lzIfs lgb]{lzsf, lj1fg, sIff – !) 113

PsfO !( ljhf0f'af6 la?jfsf] k|hgg
(Reproduction in Plants through Spores)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ plgp“ / Rofpsf] agf]6 hLjgrj|m;lxt j0f{g u/L dflg;sf

nflu logLx¿sf] pkof]lutf / k|lts"n c;/x¿sf] ;"rL tof/ ug{ ;Ifd x'g] 5g\ .

-v_ kl/ro

k"mn k'mNg] la?jfx¿sf] h:t} k"mn gk'mNg] la?jfx¿df klg ;Gtfgf]Tkfbgsf] k|lj|mof s'g} g s'g}
¿kdf rNg'k5{ gq logLx¿sf] j+z k/Dk/f sfod x'“b}g . k"mn k'mNg] la?jfx¿df k"mndf /xg]
efn] / kf]yL cª\usf dfWodn] ;Gtfgf]Tkfbg x'G5 eg] k"mn gk'mNg] jg:kltx¿df ;f] ;Dej
x'“b}g . t;y{ logLx¿sf] ;Gtfg pTkfbgsf nflu 5'6\6} ljz]if cª\u, ljhf0f' kftsf] leqk6\l6
/x]sf x'G5g\ . log}sf] dfWodaf6 o:tf jg:kltx¿n] ;Gtfgf]Tkfbg ub{5g\ . o; kf7df k"mn
gk'mNg] la?jfx¿dWo] plgp“ / Rofpn] s;/L ;Gtfgf]Tkfbg u5{g\ eGg] b]vfpg logLx¿sf]
hLjg rj|msf] JofVof ul/Psf] 5 . o;sf ;fy} ljleGg lsl;dsf plgp“ / Rofpaf6 dflg;nfO{
x'g] kmfObf / k|lts"n c;/x¿sf af/]df klg ljBfyL{nfO{ hfgsf/L lbg vf]lhPsf] 5 .

-u_ z}lIfs ;fdu|Lx¿

plgp“sf] af]6, Rofpsf] af]6, plgp“sf] hLjg rj|m b]vfpg] rf6{, Rofpsf] hLjg rj|m b]vfpg] rf6{
plgp“ / Rofpaf6 x'g] kmfObf a]kmfObfsf] ;"rL .

-3_ lzIf0f l;sfO lj|mofsnfk

 k"mn k'mNg] la?jfsf] hLjg rj|msf] k'g/fjnf]sg u/fp“b} k"mn gk'mNg] la?jfdf s;/L
hLjgrj|m ;~rfng x'G5 xf]nf egL 5nkmn u/fpg'xf];\ .

 plgp“sf] af]6 b]vfO{ ljleGg efux¿ lrgfpg'xf];\ .

 plgp“sf] af]6 -jo:s_ b]vfP/ kftsf] k5fl8k6\l6 ePsf ;f]/;x¿ kQf nufpg nufpg] /
log} cª\uleq x'g] ljhf0f'af6 plgp“sf] hLjg rj|m ;'?jft x'G5 egL atfOlbg'xf];\ . ;Dej
eP ljhf0f' lgsfn]/ n]G; jf ;"Idbz{s oGqåf/f b]vfOlbg'xf];\ . -lj|mofsnfk 9.1_
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 plgp“sf] hLjg rj|msf] rf6{ 6f“:g] jf af]8{df ljBfyL{nfO{ lrq agfpg nufpg'xf];\ . ca
plgp“sf] hLjg rj|m j|mdzM la?jfaf6 ljhf0f', ;f]/;, :kf]/]lGhod x'“b} k|f]yfn; aGg] /
k|f]yfn;af6 PGy]/f]HjfO8 / cf]ed agL sexual reproduction åf/f p:kf]/, Uofd]6 agL gof“
:kf]/f]kmfO6 x'“b} k'gM gof“ la?jf aGg];Ddsf] r/0f eP/ plgp“sf] hLjgrj|m k"/f x'G5 egL
:ki6 kfl/lbg'xf];\ . o;/L oxf“ plgp“sf] hLjg rj|mdf :kf]/f]kmfO6 -cd}y'lgs_ / Uofd]6f] kmfO6
-d}y'lgs_ u/L b'O{ r/0fdf hLjg rj|m k"/f x'g] x'“bf o;nfO{ cN6/g];g ckm h]g]/];g
(Alternation of Generation) elgG5 egL atfOlbg'xf];\ .

 ljBfyL{x¿nfO{ kf7\ok':tssf] lj|mofsnfk g+= 19 .2 ug{ nufpg'xf];\ -sIffsfo{ jf u[xsfo{sf
¿kdf_

 o;}u/L Rofpsf] la?jf NofP/ o;sf ljleGg efux¿ b]vfOlbg] ;fy;fy} af]8{df lrq
lvr]/ gfdª\sg ul/lbg'xf];\ . logLx¿ kfOg] 7fp“, agf]6 cflbaf/] JofVof ug'{xf];\ . Rofpdf
xl/ts0f gx'g] x'“bf of] xl/of] x'“b}g / cfÇgf] vfgf cfkm}“ agfpg klg ;Sb}g . of] d/]sf tyf
;8]sf j:t'x¿df pd|g] x' “bf o;nfO{ d[tf]khLjL (saprophyte) elgG5 egL :ki6
kfl/lbg'xf];\ .

 kf7\ok':tssf] lj|mofsnfk g+= 19.3 u/fO{ Rofpsf] ljhf0f' cjnf]sg ug{ nufpg'xf];\ .

 Rofpsf] hLjg rj|msf] rf6{ 6f“:g] jf ljBfyL{x¿dWo] lrqfª\sg ;Lk /fd|f] ePsf ljBfyL{nfO{
af]8{df agfpg nufO{ To;s} cfwf/df Rofpsf] hLjg rj|msf] JofVof ul/lbg'xf];\ .

 kf7\ok':tssf] lj|mofsnfk g+= 19.4 sIffsfo{ jf u[xsfo{sf ¿kdf ug{ nufpg'xf];\ .

 plgp“ / Rofpaf6 xfdLnfO{ x'g] kmfObfx¿ / a]kmfObfx¿ 5nkmn ub}{ af]8{df l6kf]6
ul/lbg'xf];\ . o;f]ubf{ ljiffn' Rofpn] ubf{ dfG5] d/]sf 36gfx¿ ;'gfP/ hª\unL Rofp
vf“bf xf]l;of/ x'g'kg]{ s'/fk|lt ;r]t u/fpg'xf];\ .

 3/}df Rofp v]tL ug{ ;lsg] s'/f b]vfpg ;Dej eP ljBfnodf g} kf7\ok':tsdf
lbOPcg';f/sf ;fdu|L a6'n]/ pko'St cj:yf l;h{gf u/L Rofp pdf/]/ b]vfOlbg'xf];\ . ;f]
;Dej geP pgLx¿n] cg's"ntfcg';f/ 3/df Rofp v]tL ug]{ tl/sf :ki6 kfl/lbg'xf];\ .

-ª_ d"Nofª\sg

!= kf7\ok':tssf cEof;df ePsf k|Zgx¿ u[xsfo{sf ¿kdf ug{ nufpg'xf];\ / ljBfyL{n]
a'em] ga'em]sf] jf p2]Zo xfl;n eP gePsf] d"Nofª\sg ug'{xf];\ .

@= sIffdf ul/g] lj|mofsnfksf] cjnf]sg tyf k|Zgf]Q/af6 d"Nofª\sg ug'{xf];\ .
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-r_ lzIfssf nflu yk hfgsf/L

 /]d]G6f (ramenta) – sf08 / lkl6cf]nnfO{ v}/f] /ªsf] kqn] 9flsPsf] x'G5 h;nfO{
rementa elgG5 .

 plgp“ cf]l;nf] 7fp“df, kxf8 tyf t/fO{df kfOG5 .

 /;x¿ ljsl;t ePkl5 tLleq :kf]/x¿ aG5g\ / ;Gtfg j[l4 sfo{ o;}åf/f x'G5 .

 k|f]yfn; (Prothallus) g} plgp“sf] u]d]6f]kmfO6 (gametophyte) r/0f xf] . o;leq efn] Uofd]6
/ kf]yL Uofd]6 aG5g\ .

 efn] Uofd]6 / kf]yL Uofd]6 ;+of]u eP/ hfOuf]6 aGg] lj|mofnfO{ uef{wfg lj|mof elgG5 .

 hGt'x¿df jf jg:kltx¿df ;Gtfgf]Tkfbg k|lj|mofdf efn] / kf]yLsf] z/L/leq Ps ljz]if
lsl;dsf sf]ifx¿ x'G5g\ h;nfO{ Uofd]6 (gamete) elgG5 .

 efn] Uofd]6 / kf]yL Uofd]6 ;+of]u (Fusion) eP/ hfOuf]6 (zygote) aG5 .

 h'g sf]ifdf hf]8f j|mf]df]hf]d (2n) x'G5 eg] To;nfO{ diplid elgG5 .

 cfGy]l/l8of (antheridia) uf]n jf cG8fsf/sf] x'G5, h;leq w]/} cfGy6]l/HjfO8x¿
(antherozoids) x'G5g\ . k|To]s db/;]ndf Pp6f 3'ld|Psf] w]/} /f}“h:tf em'Kkfx¿ ePsf
cfGy]/L HjfO8x¿ x'G5g\ .

 cfls{uf]lgof (archegonia): of] ÇnfS; (flask) cfsf/sf] x'G5 . o;sf] km's]sf] efunfO{
e]G6/ (venter) / ;f“u'l/Psf] efunfO{ 3f“6L (neck) elgG5 .

 Pufl/s; (agaricus) sf] ;fwf/0f gfd Rofp xf] .

 vfg] Rofpsf sl/a @)) hft x'G5g\ .

 sl/a !@ hftsf Rofp ljiffn' x'G5g\ .

 luN;leq ;"Idbz{s oGqaf6 xfOkmLx¿sf] 5]p5]pdf x]bf{ xfOd]lgod eGg] cª\ux¿ x'G5g\
h;sf] 6'Kkf]df ljhf0f'x¿ /x]sf x'G5g\ . h'g ljhf0f'x¿ kl/kSj cj:yfdf k'u]kl5
To;af6 v;]/ jftfj/0fdf cª\s'/0f eO{ k|fylds dfO;]lnod aG5 .

 sf]n]:6«n – of] hLjgnfO{ geO{ gx'g] Ps k|sf/sf] lrklrk] ;]tf] kbfy{ xf] . of] hgfj/ tyf
dflg;sf] sf]ifx¿df kfOG5 . xfd|f] sn]h]n] klg sf]n]:6«n pTkfbg ub{5 . sf]n]:6«f]n af];f]
/ k|f]l6g ldn]/ lnkf]k|f]l6g (lipo protein) aG5 . sf]n]:6«n /ut eO{ /St gnLdf k|jfx x'“bf
xfd|f] z/L/sf ljleGg sf]ifx¿df k'¥ofp“5 / z/L/sf] sf]ifn] k|of]u ug{ yfN5 t/
cfjZostfeGbf a9L ePdf sf]n]:6«n /St gnLdf hDdf eO{ /St ;~rfng lj|mofdf
cj/f]w u5{ .
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PsfO @) dfgj z/L/df /St ;~rf/ lj|mof
(Blood Circulatory System in Human Body)

cg'dflgt 3G6L M $

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ /utsf] agfj6 / sfo{ Pjd\ /ut ;~rfng lj|mof lrq;lxt

aofg ug{ ;Ifd x'g] 5g\ .

-v_ kl/ro

dfgj z/L/df /ut cToGt dxŒjk"0f{ j:t' xf] . xfdLn] vfPsf vfBj:t' Pjd\ Zjf;af6 lnPsf]
clS;hg ;d]t /utdf k'u]/ dfq z/L/sf x/]s sf]ifx¿df k|jfx x'G5 . o;}u/L /utn] g}
sf]ifaf6 ljsf/ j:t'x¿ ;ª\sng u/L kmf]S;f], d[uf}nf h:tf cª\ux¿;Dd k'¥ofO{ z/L/aflx/
k7fpg ;xof]u ub{5 . o; kf7df /utsf] agfj6, ljleGg lsl;dsf /St sf]lzsfx¿sf]
hfgsf/L lbg'sf ;fy} dfgj z/L/df x'g] /St ;~rfng lj|mof (Blood circulatory system) sf]
lj:t[t JofVof ul/Psf] 5 . o; kf7df o;sf cltl/St d'6'sf] agf]6 / sfo{ Pjd\ ljleGg
lsl;dsf /St gnLx¿ -lz/f, wdgL / s]lzsf_ sf] agf]6 Pjd\ sfo{af/] klg :ki6 kfl/Psf]
5 . ljBfyL{nfO{ of] kf7 lzIf0f ubf{ log}dfly plNnlvt s'/fx¿nfO{ ;d]6]/ lzIf0f ug'{kg]{ x'G5 .

-u_ z}lIfs ;fdu|Lx¿

d'6'sf] rf6{ jf df]8]n, dfgj /St ;~rf/ k|0ffnLsf] rf6{, /St sf]lzsfx¿ b]lvg] rf6{ tyf
kf7\ok':tssf] lj|mofsnfk u/fpg cfjZos ;fdu|Lx¿ .

-3_ lzIf0f l;sfO lj|mofsnfk

 ljBfyL{x¿nfO{ /utsf] dxŒj / agf]6sf af/]df ;fdfGo hfgsf/L u/fO{ kf7\ok':tssf]
lj|mofsnfk g+= 20.1 u/fpg'xf];\ .

 /utdf x'g] ljleGg lsl;dsf /St sf]ifx¿sf] agf]6 / ltgLx¿sf] sfdaf/] atfOlbg'xf];\
/ /St sf]ifx¿ 5'6\ofpg kf7\ok':tssf] lj|mofsnfk g+= 20.2 u/fpg'xf];\ .

 dfgj d'6'sf] df]8n jf rf6{ b]vfO{ o;sf] agf]6, ljleGg efux¿ lrgfpg'xf];\ . d'6'n]
s;/L /St ;~rfng ub{5 eGg]af/] JofVof u/L :ki6 kfl/lbg'xf];\ . o;f] ubf{ d'6'sf
ljleGg efux¿n] ug]{ sfd / ltgsf] dxŒjsf] JofVof ug{ g5'6fpg'xf];\ .



lzIfs lgb]{lzsf, lj1fg, sIff – !) 117

 d'6'af6 z/L/df /ut k'¥ofpg] /St gnLx¿ / d'6'df /ut Nofpg] /St gnLx¿ rf6{df
b]vfO{ ltgLx¿n] ug]{ sfd / agf]6af/] atfOlbg'xf];\ .

 ;Dej eP kf7\ok':tssf] lj|mofsnfk g+= 20.3 u/fpg'xf];\ .

 dfgj z/L/df x'g] /St ;~rfng lj|mof (blood circulator system) sf k|sf/x¿ l;:6]lds
/ kNdf]g/Lsf af/]df hfgsf/L lbg'xf];\ . oL b'O{ k|0ffnLx¿n] ug]{ sfdaf/] :ki6
kfl/lbg'xf];\ .

 d'6'sf] w8\sg / /St rfk (blood pressure) s] xf] < pRr / Go"g /Strfk eg]sf] s:tf]
cj:yf xf] cflbaf/] :ki6 kfl/lbg'xf];\ .

 ;Dej eP :jf:Yo :jod\;]ljsf af]nfO{ ljBfyL{x¿sf] /St rfk gfKg nufpg'xf];\ . geP
klg l:kmUdf]Gofgf]ld6/ NofO{ d'6'sf] w8\sg ;'gfpg] lj|mofsnfk g+= 20.4 u/fpg'xf];\ .
ljBfyL{nfO{ cfÇgf] lgb]{zgdf kf7sf] u/L, x]/L l;Sg'xf];\ eGg] lj|mofsnfk ug{ lbg'xf];\ /
5nkmn ug'{xf];\ .

-ª_ d"Nofª\sg

!= kf7\ok':tssf] cEof;sf k|Zgx¿ u[xsfo{sf ¿kdf ug{ nufO{ k/LIf0f ug'{xf];\ .

@= sIffdf ul/g] ljleGg lj|mofsnfkdf ljBfyL{sf] ;xeflutf, p;n] b]vfpg] Jojxf/ /
k|Zgf]Q/sf cfwf/df ljBfyL{n] a'em]ga'em]sf] Plsg ug'{xf];\ .

-r_ lzIfsnfO{ yk hfgsf/L

 KnfHdfdf /St sf]ifx¿ t}l//x]sf x'G5g\ .

 z/L/df cfjZostfeGbf sd RBC ePdf Plgldof eGg] /f]u nfU5 .

 KnfHdfdf ()=(@ % kfgL, &=( % k|f]l6g, )=( % nj0fx¿, vfB kbfy{x¿, grflxg]
kbfy{x¿, Uof;, OGhfOdx¿, xdf]{gx¿, PlG6a8Lx¿ tyf PlG66lS;gx¿ kfOG5g\ .

 RBC df kfOg] x]df]Unf]lagn] kmf]S;f]sf] jfo'y}nL (airsac) af6 O2 zf]if0f ug]{ sfo{ ub{5 .

 WBC n] z/L/df k|lt/f]w zlSt a9fO{ ljleGg /f]usf ls6f0f'x¿ gi6 ub{5 .

 WBC n] ljleGg rf]6k6s nfu]sf tGt'x¿nfO{ x6fpg'sf ;fy} 3fpx¿ lgsf] kf5{ .

 ;fwf/0ftof WBC / RBC sf] dfqf a9L jf sd ePdf /f]u nfU5 .

 x]df]Unf]lagn] O2 ;f]:g] / Co2 
nfO{ lgisf;g ug]{ cª\ux¿df k'¥ofp“5 .
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 /utdf kfOg] kmfOla|gf]h]g (Fibrinogen), Fibrine / globulin n] z/L/nfO{ ;'/Iff u5{ .

 d'6' sfl8{ofs d;naf6 ag]sf] x'G5 .

 dfgj d'6' jIf:ynsf] afof“k6\l6 s/ª aLr ;'/lIft /x]sf] x'G5 .

 nf]Ug] dflg;df d'6'sf] tf}n $)) gm / :jf:gLdfG5]df @%) gm hlt x'G5 .

 d'6' sf]0f cfsf/sf] x'G5 .

 dflg;sf] d'6' ;fdfGotof Ps ldg]6df &@–*) k6s;Dd wl8\sG5 .

 kNdf]g/L wdgL / c¿ ;Dk"0f{ lz/fdf cz'4 (Deoxygenated) /ut aU5 .

 lz/fx¿ ldn]/ dxflz/fsf] lgdf{0f x'G5 .

/St rfk

Ps hgf jo:s dflg;df k|foM l;:6f]lns (Systolic) 120 mm Hg. / 8fo:6f]lns (Diastolic) 80

mm Hg. x'G5 h'g /St rfk gfKg] oGqn] gfk]/ yfxf kfOG5 .
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PsfO @! j+zfg'j|md (Heredity)

cg'dflgt 3G6L M ^ 3G6L

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{ ug{ ;Ifd x'g] 5g\ M

!= d]G8nsf lgodx¿ / k|of]ux¿ lrq;lxt JofVof ug{ .

@= k|jn / lgj{n u'0fx¿ (dominant and recessive trails) klxrfg ug{  .

#= j+zf0f'j|mdsf u'0fx¿sf] ;"rL agfO{ j+zf0f'j|mdsf u'0fx¿sf] k|lj|mof j0f{g ug{ .

$= 8LPgP / cf/PgPsf] j0f{g ug{ .

%= ljljwtf÷kl/j[lQ (variation) k|lj|mof JofVof ug{ .

-v_ kl/ro

xfd|f j/k/ ePsf jg:klt Pjd\ hgfj/x¿ Psfsf{df km/skm/s x'G5g\ . of] km/skg
j+zf0f'n] lgwf{/0f u5{ . j+zf0f'ut u'0fx¿ ;Gtfgdf ;g]{ lgodx¿sf] ;Gbe{df o; PsfOdf rrf{
ul/g] 5 .

-u_ z}lIfs ;fdu|Lx¿

d]G8nsf] k|of]usf] rf6{, d]G8nsf lgodx¿sf] ;"rL, 8LPgP / cf/PgP km/s plNnlvt rf6{,
b'O{cf]6f sf“rsf lunf;x¿, ;]tf @% cf]6f e6df;, sfnf @% cf]6f e6df;, sf8{ af]8{, s}“rL,
:s]n, ud cflb .

-3_ lzIf0f l;sfO lj|mofsnfk

 j+zf0f'ut u'0f eg]sf] s] xf] eGg] k|Zg sIffsf ;a} ljBfyL{nfO{ ;f]wL kfn}kfnf] pQ/ eGg
nufpg'xf];\ .

 pgLx¿nfO{ ;d]6\b} j+zf0f'ut u'0fsf] kl/ro elglbg'xf];\ .

 d]G8nn] u/]sf] k|of]usf] rf6{ k|:t't u/L F1, F2 / F3 j+zsf] JofVof ug'{xf];\ .

 l7dfxf (hybrid) sf af/]df 5nkmn ug'{xf];\ .

 d]G8nsf] k|jntfsf] lgod rf6{;lxt j0f{g ug'{xf];\ .

 d]G8nsf] n}ª\lus z'4tfsf] lgod rf6{;lxt aofg ug'{xf];\ .
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 d]G8nsf :jtGq u'0f k|;f/0fsf] lgod rf6{;lxt aofg ug'{xf];\ .

 k|jn / n'Kt u'0fsf af/]df rrf{ ug'{xf];\ .

 8LPgP / cf/PgPsf] km/s rf6{ k|:t't u/L 5nkmn ug'{xf];\ .

 j+zf0f'ut / jftfj/0fLo ljljwtfsf af/]df 5nkmn u/L atfpg'xf];\ .

 lg/Gt/ / cs:dftdf x'g] ljljwtf (Variation) sf] kl/efiff lbP/ pTkl/jt{g (mutation) sf
af/]df atfOlbg'xf];\ .

 kf7\ok':tssf] lj|mofsnfk @!=@ u/L b]vfpg'xf];\ .

 ljBfyL{x¿nfO{ lj|mofsnfk @!=# ug{ nufpg'xf];\ .

-ª_ d"Nofª\sg

!= j+zf0f'ut u'0f eg]sf] s] xf] <

@= k|jn / n'Kt u'0f eg]sf s]s] x'g\ <

#= d]G8nsf lgodx¿ s]s] x'g\ <

$= cf/PgP / 8LPgPsf] b'O{b'O{cf]6f km/s s]s] x'g\ <

%= ljljwtf eg]sf] s] xf] <

^= pTkl/jt{g (Mutation) eg]sf] s] xf] <

-r_ lzIfsnfO{ yk hfgsf/L

j+zh / d]G8nsf] k|of]u

 j+zf0f' eg]sf] ;"Idbz{s oGqåf/f klg b]Vg g;lsg] k|To]s hLjsf] j+zf0f'ut u'0f k|;f/0f
ug]{ PsfO xf] . of] 8LPgPaf6 ag]sf] x'G5 . of] j+zf0f' j|mf]df]hf]ddf /x]sf] x'G5 .

 j+zf0f'ut nIf0fx¿ la:tf/}la:tf/} kl/jt{g x'“b} ¿k / u'0fdf kl/jt{g cfp“b} k"j{heGbf cs}{
gof“ hLj h:tf] b]lvg'nfO{ lg/Gt/ kl/jt{g (continous variation) elgG5 t/ slxn]sfxL“
cke{m6 kl/jt{g eP/ gof“ hLjsf] pTklQ x'G5 eg] To; k|sf/sf] kl/jt{gnfO{ cke{m6
kl/jt{g (discontinous variation) elgG5 .

 u|]u/ hf]xfg d]G8n cl:6«ofsf kfb/L leIf' tyf k|l;4 hgg\ j}1flgs (Father of Genetics)

lyP .
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 d]G8nn] cfÇgf] k|of]usf nflu s]/fp 5fGg'sf] sf/0f M

 s]/fpdf ljleGg j}slNks u'0fx¿ x'G5g\ .

 s]/fpdf ;lhn};“u k/fu;]rg ug{ ;lsG5 .

 s]/fpsf] hLjg rj|m 5f]6f] x'G5 .

 s]/fp ;lhn};“u pdfg{ ;lsG5 .

 k|jn (dominant) / n'Kt (recessive) u'0f ePsf ;Gtfgx¿nfO{ l7dfxf (hybrid) elgG5 .

 ;dfg j+zf0f'sf] hf]8fnfO{ xf]df]hfOu; (homozygous) elgG5, h:t} M RR, rr, TT / tt . pxL
j+zf0f'sf] hf]8f j|mdzM R / r, T / t j+zf0f'sf] xf]df]hfOu; x'G5 . To:t} km/s j+zf0f'sf]
hf]8fnfO{ x]6«f]hfOu; (heterozygous) elgG5, h:t} M Rr, Tt

 s'g} vf; u'0f b]vfpg] Ps hf]8f j+zf0f', h:t} M Rr, Tt df R sf] hf]8f R / T sf] hf]8f
t sf] j+zf0f'nfO{ ;xj+zf0f' (allele) elgG5 .

d]G8nsf] lgod

d]G8nn] k|of]ukZrft\ k|ltkfbg u/]sf lgodx¿ M

(i) Psn nIf0fsf] lgod

(ii) k|jntfsf] lgod (Law of dominance)

(iii) ;Gtfgx¿sf] z'4tfsf] lgod (Law of segregation)

(iv) :jtGqtfsf] 5gf]6sf] lgod (Law of independent assortment) .

 Psn nIf0fsf] lgodcg';f/ ;a} Psn nIf0f j+zf0f'ut nIf0fsf] Uofd]6df cnucnu
k|ltlglwTj ub{5g\ . oL nIf0f Ps lk“9Laf6 csf]{ lk“9Ldf cnucnu hfG5g\ . h:t} M cUnf]
/ xf]rf] nIf0fsf] cnucnu Uofd]6 x'G5 .

 Pp6fPp6f km/s u'0f ePsf la?jfx¿df k/k/fu;]rg (cross pollination) u/fp“bf l7dfxf
k|fKt x'G5 h;af6 k|fKt la?jfx¿ cUnf g} x'G5g\ . o; lj|mofnfO{ df]gf]xfOlj|8j|m; (Mono

hybrid cross) elgG5 .

 df]gf]xfOla|8 j|m;sf] bf];|f] j+z (F2 generation) df lkmgf]6fOlks cg'kft #M! /
lhgf]6fOlks cg'kft !M@M! x'G5 .
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d]G8nsf] 8fOxfOlaj|m8 j|m;sf] tflnsf

;ª\s]t

uf]nf]

kx]“nf]

rfpl/Psf]

xl/of]

R

Y

R

Y
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kl/j[lQ / lhg

 Pp6} cfdfafa'af6 hGd]sf ;Gtfgx¿df kfOg] leGgtf g} kl/j[lQ xf] .

 slxn]sfxL“ s'g} hfltdf crfgs jf PSsfl; s'g} gof“ nIf0f b]vf kb{5, h'g To; hfltsf]
k"j{haf6 cfPsf] x'“b}g . o;k|sf/sf] kl/jt{gnfO{ pTkl/jt{g (mutation) elgG5, h:t} M
s'g} dflg;df kf“rcf]6f cf}“nfsf] ;6\6f ^ cf]6f x'g' .

pTkl/jt{gsf sf/0fx¿

 jftfj/0fsf] kl/jt{gn] ubf{

 sfo{x¿sf] kl/jt{gn] ubf{

 lhgx¿df pTkl/jt{gn] ubf{ .

Go'lSno;sf] j|mf]df]hf]ddf kfOg] Pp6f dxŒjk"0f{ j:t' h;n] cfdfafa'sf] u'0fnfO{ ;Gtfgdf
k|;f/0f ub{5 eg] To;nfO{ lhg (gene) elgG5 . lhg DNA / RNA eGg] Go'lSns Pl;8af6
ag]sf] x'G5 . DNA / RNA Go'lSnof]6fO8\; (nucleotides) ldn]/ ag]sf] x'G5 . Pp6f Go'lSnof]6fO8\;
;'u/, kmf]:km]6 / gfO6«f]hg a];n] ag]sf] x'G5 . DNA / RNA df ;'u/ / gfO6«f]hg a];df s]xL
km/s kfOG5 .

DNA n] RNA åf/f ;"rgf k7fP/ s'g} hLjsf] :jefjnfO{ lgoGq0f ub{5 .
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kf7\ok':tssf] lj|mofsnfk g+= @ lgDgfg';f/ ug{ ;lsG5 M

;fdu|L

 6]k, u|fkmk]k/, k]lG;n, :s]n cflb .

ljlw

kf7\ok':tsdf pNn]v ul/Pcg';f/ lj|mofsnfk u/L ljBfyL{x¿sf] prfO tyf ;xefuL ;ª\Vofsf
cfwf/df dfglrq -u|fkm_ lvRg] . u|fkm lvRbf x cIfdf ;xefuL ljBfyL{x¿sf] prfO -;]ld_ / y

cIfdf ;xefuL ljBfyL{x¿sf] ;ª\Vof /fVg] . o;/L tof/ kfl/Psf] u|fkmsf cfwf/df ljBfyL{x¿sf]
;ª\Vofcg';f/sf] prfOnfO{ ljZn]if0f u/L kl/j[lQn] ubf{ hfltdf km/s cfp“5 egL sIffsf
ljBfyL{x¿nfO{ k|:6 kfl/lbg] .
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PsfO @@ kfl/l:ylts k4lt (Ecosystem)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{ ug{ ;Ifd x'g] 5g\ M

!= kf]v/L / hldgsf] kfl/l:ylts k4ltdf pTkfbs, pkef]Stf / ljR5]bs hLjx¿aLrsf]
cGt/;DaGw JofVof ug{ .

@= hLj lk08sf] lk/fld8 (pyramid of biomass) lrq;lxt j0f{g ug{ .

#= hLj e"–/f;folgs rj|m (biogeochemical cycle) sf] JofVof ug{ .

-v_ kl/ro

jftfj/0fdf ePsf ;hLj / lghL{j j:t'x¿aLrsf] cGt/;DaGwaf6 kfl/l:ylts k4lt ;~rfng
eO/x]sf] x'G5 . hLjhGt'sf] jf;:yfgcg';f/ hn / hldgdf kfl/l:ylts k|0ffnL rln/x]sf]
x'G5 . x/]s kfl/l:ylts k|0ffnLdf nj0fx¿sf] cfbfgk|bfg eO/xG5 . o; k|lj|mofnfO{ hLj
e"–/f;folgs rj|m elgG5 .

-u_ z}lIfs ;fdu|Lx¿

 hn tyf :yn kfl/l:ylts k|0ffnL;“u ;DalGwt cfxf/ z[ª\vnf rf6{, kfl/l:ylts
lk/fld8sf] rf6{, hn rj|m, clS;hg rj|m, sfa{g rj|m / gfO6«f]hg rj|msf rf6{x¿ .

-3_ lzIf0f l;sfO lj|mofsnfk

 ljBfyL{x¿nfO{ ;d"xdf ljefhg ug'{xf];\ . k|To]s ;d"xnfO{ ljBfnosf] rf}/sf] ljleGg
:yfgdf uO{ pSt 7fp“df ePsf ;hLj j:t'x¿, lghL{j j:t'x¿  cjnf]sg u/L l6Kg
nufpg'xf];\ . sIff sf]7fdf cfO{ ltgLx¿aLrsf] ;DaGwdf 5nkmn ug'{xf];\ .

 dflysf] lj|mofsnfksf cfwf/df kfl/l:ylts k4ltsf af/]df :ki6 kfg'{xf];\ .

 hn tyf :yn kfl/l:ylts k4ltdf x'g] h}ljs tyf ch}ljs tŒjx¿sf] pbfx/0f lbP/
5nkmn ug'{xf];\ .

 kfl/l:ylts k4ltdf x'g] pTkfbs, k|yd pkef]Stf, bf];|f] pkef]Stf, t];|f] pkef]Stf tyf
ljR5]bssf af/]df atfOlbg'xf];\ . ;fy} hn / rf}/df x'g] kfl/l:ylts k4ltdf s'g
pTkfbs, pkef]Stf / ljR5]bs x'g\ < logLx¿sf sfd s] x'g\ < jftfj/0f c;Gt'ng
s;/L x'G5 eGg] af/]df 5nkmn u/L atfOlbg'xf];\ .
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 hn tyf hldgsf] kfl/l:ylts k4ltsf] cfxf/ z[ª\vnf rf6{ k|bz{g u/L 5nkmn ug'{xf];\ .
cfxf/ z[ª\vnfsf] yk rf6{ tof/ kfg{ nufpg'xf];\ .

 kfl/l:ylts lk/fld8sf] pbfx/0f;lxt lsl;d atfOlbg'xf];\ .

 hnrj|msf] rf6{ k|bz{g u/L o;sf] dxŒjaf/] 5nkmn ug'{xf];\ .

 clS;hg rf6{ k|bz{g u/L o;sf] dxŒjaf/] 5nkmn ug'{xf];\ .

 sfa{g rf6{ k|bz{g u/L o;sf] dxŒjsf ;DaGwdf 5nkmn ug'{xf];\  .

 gfO6«f]hg rf6{ k|bz{g u/L o;sf] dxŒj s] 5 < k|Zgf]Q/ ug'{xf];\ .

 kf7\ok':tssf] u/L, x]/L l;Sg'xf];\ zLif{ssf] sfd u/fpg'xf];\ / k[i7kf]if0f lbg'xf];\ .

-ª_ d"Nofª\sg

!= hn kfl/l:ylts k4ltdf x'g] h}ljs / ch}ljs tŒjx¿ s]s] 5g\ <

@= :yn kfl/l:ylts k4ltdf x'g] Pp6f cfxf/ z[ª\vnfsf] gd'gf eGg'xf];\ .

#= lbgfOl6«lkms];g eg]sf] s] xf] <

$= kf7\ok':tssf cEof;af6 k|Zgx¿ ;f]Wg] .

-r_ lzIfsnfO{ yk hfgsf/L

 gfOl6«kmfOª AofS6]l/of

 o:tf] AofS6]l/of h;n] jfo'd08ndf ePsf] gfO6«f]hgnfO{ gfO6«fO6 / gfO6«]6df
kl/jt{g u5{, To:tf] AofS6]l/ofnfO{ gfOl6«kmfOª JofS6]l/of elgG5 .

 gfO6«f]hg lkmS;];g

 ljleGg k|lj|mofaf6 jfo'd08ndf ePsf] gfO6«f]hg, gfO6«fO6 / gfO6«]6df kl/jt{g x'g]
lj|mofnfO{ gfO6«f]hg lkmS;];g elgG5 .

gfO6«f]hg l:y/Ls/0f tLg k|sf/af6 x'G5g\ M

!= ef}lts l:y/Ls/0f

@= cf}Bf]lus l:y/Ls/0f

#= afof]nf]lhsn l:y/Ls/0f
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Pldjf

8fOP6d ;fgf] df5f

CO2, N2,No 7"nf] df5f

 k/lhjL

 k/lhjL eg]sf] c¿ k|f0fLdf ef]hg ug]{ / c¿ k|f0fLsf] z/L/df a:g] hGt' xf] .

 vfB z[ª\vnf

 vfg]s'/fx¿ Ps hLjaf6 csf]{ hLjdf k'Ug] / k'gM kms{g] z[ª\vnfnfO{ vfB z[ª\vnf
elgG5 .

 ;d'bfo

 tL k|f0fLx¿ hf] Psfsf]{df lge{/ 5g\ / Ps} k|sf/sf] ;femf jftfj/0fdf a:5g\
ltgLx¿nfO{ ;d'bfo elgG5 .

 Osf]l;:6d (Ecosystem)

jg:klt, k|f0fL / jftfj/0faLrsf] cGt/;DaGwnfO{ Osf]l;:6d elgG5 .

pTkfbs (Producer) — 3f“;kftx¿

k|yd pkef]Stf (Primary Consumer) — ufO{, v/fof]

låtLo pkef]Stf (secondary Consumer) — ;k{, dflg;, k/]jf, df5f

ljR5]bs (Decomposer) — JofS6]l/of, Rofp .

:yn Osf]l;:6dsf] /]vflrq

hn Osf]l/:6dsf] rf6{

la?jf ls/f Eofu'tf

d5{g\ / ;8\5g\

N2, NO3, CO2    afh ;k{

d5{g

ljRb]bs

ljR5]bs
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Osf]l;:6dnfO{ c;/ kfg]{ ef}lts k|lj|mofx¿

-!_ kfgL -@_ k|sfz -#_ pi0ftf cflb .

vfB z[ª\vnfsf sfo{x¿

-!_ Osf]l;:6dsf hLljt j:t'x¿sf] agf]6af/] 1fg lbG5 .

-@_ o;n] zlSt tyf ljleGg kbfy{nfO{ Osf]l;:6dsf ljleGg txx¿;dIf k'¥ofp“5 .

Osf]l;:6ddf zlSt kl/jt{gsf] af6f]

pTkfbs zfsfxf/L df+;fxf/L

ljR5]bs

ljBfyL{x¿nfO{ "Web of life" ;DaGwL lgDgfg';f/ v]n v]nfpg ;lsG5 M

;do M #)–$) ldg]6

:yfg M sIffaflx/

cfjZos ;fdu|Lx¿

!= wfuf]

@= sf8{x¿ -;"o{, kfgL, df6f], xfjf, la?jfx¿, hgfj/x¿ OToflb_

#= lkg jf lSnk

p2]Zo

o; v]nn] v]nf8Lx¿nfO{ ljleGg jftfj/0fdf kfOg] j:t'x¿sf] kfl/l:yltsLo k4ltsf cGt/
;DaGwaf/] Joj:yf ug{ d2t u5{ .

lj|mofsnfk

!= v]nf8Lx¿nfO{ 3]/f ldnfP/ a:g nufpg] .

@= ;a} v]nf8Lx¿nfO{ PsPs sf8{ af“8\g] . sf8{ af“8\bf ;"o{, df6f], xfjf / kfgL ;dfj]z x'g'
k5{ .

#= ;a} v]nf8Lx¿nfO{ cfÇgf] sf8{sf] lrq b]Vg] u/L lkg nufpg] .

$= k[YjLdf hLljt /xgsf nflu cfjZos zlSt ;"o{af6 wfuf]sf] uf]nf c¿nfO{ lbg ;'?
ug]{ . wfuf]sf] Ps kmGsf] cf}“nfdf a]g]{ .
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%= ;"o{af6 wfuf] k|fs[lts j:t'nfO{ lbg] -la?jf_ .

^= To:t} la?jfaf6 kfgL, kfgLaf6 df5f, o;/L ;a}lt/af6 wfuf]sf] kmGsf] Psfsf]{;“u ;DaGw
/fVbf Ps hfnf] aG5 .

&= ;a} v]nf8Lx¿nfO{ xft p7fP/ tGsfpg nufpg] / hfnf]sf] cfsf/ b]vfpg] .

*= ;a} v]nf8Lx¿n] cf–cfÇgf] wfuf] /fd|f];“u s;]/ /fVg'k5{ .

5nkmn

!= v]nf8Lx¿nfO{ hfnf]sf] cfsf/af/] lgDgfg';f/ 5nkmn u/fpg] M

-s_ ljleGg cjojx¿ (Components) sf] cGt/;DaGw

-v_ tL cGt/;DaGwaf6 kfl/l:ylts k4lt (Ecosystem) sf] cj:yfdf c;/ /  kmfObf
;a} wfuf] tGsfpg nufO{ aLrdf rfk lb“bf s] x'G5 <

@= o;/L ag]sf] hfnf]nfO{ tGsfO/fVg] / o;sf] cfsf/ tyf cGt/;DaGwaf/] 5nkmn ug]{ .
o;df s'g} Ps cjojsf] sdL x'gf;fy s] x'G5 < h:t} M kfgLnfO{ hfnf]af6 5'6fP/ klxn]
h:t} aLrdf rfk lb“bf s] x'G5 <

#= kfl/l:yltsLo k4lt (Ecosystem) df s'g} j:t'sf] sdL ePdf s] x'G5 <

$= cGtdf kfl/l:yltsLo k4lt (Ecosystem) sf] c¿;“usf] cGt/;DaGw / o;sf]
dxŒjaf/] 5nkmn ug'{xf];\ .

pbfx/0f M
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PsfO @# k[YjLsf] Oltxf; (History of the Earth)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{ ug{ ;Ifd x'g] 5g\ M

!= r6\6fg / cjz]ifaf6 k[YjLsf] Oltxf; JofVof ug{ .

@= hLjfjz]ifaf6 k|fKt k|df0fx¿sf cfwf/df hLjx¿sf] j|md ljsf;sf] j0f{g ug{ .

#= hLjfjz]ifsf] klxrfg u/L hLjfjz]if / h}ljs OGwg aGg] k|lj|mofsf] JofVof ug{ .

$= h}ljs OGwgsf] dxŒj JofVof ug{ .

-v_ kl/ro

o; PsfOaf6 ljBfyL{x¿n] ;f}o{d08nsf] pTklQaf/] ljleGg kl/sNkgfx¿ atfpg ;Sg] 5g\ .
k[YjLsf] Oltxf; / hLj ljsf; j|md, ef}ule{s ;do, sfn cflbsf] j0f{g ug{ ;Ifd x'g] 5 .
hLjfjz]ifsf] kl/ro, klxrfg, dxŒj, hLjfjz]if aGg] k|lj|mof cflbsf] j0f{g ug{ ;Sg] 5g\ . To:t}
vlgh OGwgx¿sf] lgdf{0f x'g] k|lj|mof / dxŒj atfpg ;Sg] 5g\ .

-u_ z}lIfs ;fdu|Lx¿

sf]Onf, k]6«f]n, d6\l6t]n, l8h]n, k[YjLsf] pTklQ, hLjfjz]if cflbsf] gd'gf .

-3_ lzIf0f l;sfO lj|mofsnfk

k[YjLsf] pTklQ tyf ef}ule{s o'u

 k[YjLsf] pTklQ ;DaGwdf lgDgfg';f/ tflnsfdf k|:t't u/L ljBfyL{x¿nfO{  k9\g nufpg'xf];\ M

j}1flgssf] gfd b]z ;fn kl/sNkgf

hh{ jkmg k|mfG; 1749 ;"o{;“u nfdk'R5«| ] tf/f 7f]ls“bf pl56\l6P/ k[YjL ag]sf]

sfG6 hd{g 1755 jfikk"0f{ ljzfn lk08 ;]nfp“bf v'lDrP/ k[YjL
nufot cGo u|xx¿ ag]

lhG; / h]k|m] la|6]g 1917 7"nf] tf/f ;"o{ glhs cfp“bf ;"o{df Hjf/ pTkGg eO{
k[YjL pTklQ ePsf]
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 tflnsfdf n]lvPsf 5f]6s/L kl/sNkgfnfO{ lzIfsn] JofVof ug'{xf];\ .

 k[YjLaf/] k|fKt tYofª\sx¿ af]8{df k|:t't u/]/ ljBfyL{nfO{ gf]6 ug{ nufpg'xf];\ .

ef}ule{s ;do tflnsf

 Oof]g, dxfsNk, sfn, o'u cflbsf] kl/ro lbg'xf];\ .

 ljleGg dxfsNkx¿, h:t} M cfB k"/fhLj, dWohLj / gjhLj dxfsNksf] cjlw, k|fb'ef{j
ePsf k|d'v hLjx¿, k[YjLdf ePsf cGo kl/jt{gaf/] tflnsf agfO{ k|:t't ug'{xf];\ .

 hLj ljsf; s;/L eof] / hLj ljsf;sf] cWoogdf hLjfjz]ifsf] dxŒjaf/] JofVof ug'{xf];\ .

 ef}ule{s o'u tyf hLj ljsf;sf] j|md tflnsf ljBfyL{x¿nfO{ cWoog u/fpg'xf];\ .

 k|d'v hLjx¿ peor/, ;l/;[k, kG5L / :tgwf/L 8fOgf];/, 3f]8f, xfQL, dflg; cflb
slxn] pTklQ ePsf x'g\ :d/0f u/fpg'xf];\ .

hLjfjz]if

 hLjfjz]ifsf] kl/ro lbg'xf];\ .

 hLjfjz]ifsf] klxrfg kf7\ok':tsaf6 ljBfyL{x¿nfO{ k9\g lbg'xf];\ . To;sf] ;f/f+z k|:t't
ug{ nufpg'xf];\ .

 hLjfjz]if aGg] k|lj|mof kf7\ok':tsaf6 ljBfyL{nfO{ k9\g nufpg'xf];\ . hLjfjz]if s;/L
aG5 egL ;f]Wg'xf];\ . hLjfjz]if lsg cfUg]o / kl/jlt{t r6\6fgdf kfO“b}g ;f]Wg'xf];\ .

 hLjfjz]ifsf] dxŒj atfpg'xf];\ .

vlgh OGwg

 vlgh OGwgsf] pbfx/0f;lxt kl/ro lbg'xf];\ .

 vlgh OGwgnfO{ OGwg eGg'sf] sf/0f atfpg'xf];\ .

sf]Onf

 sf]Onfsf] kl/ro lbg'xf];\ . pknAw ePdf sf]Onf b]vfpg'xf];\ .

 ljBfyL{x¿nfO{ sf]Onf aGg] tl/sf kf7\ok':tsdf k9\g nufpg'xf];\ .

 sf]Onf aGg] tl/sf ljBfyL{x¿nfO{ ;f/f+zdf k|:t't ug{ nufpg'xf];\ . gldn]sf] v08df
;RofOlbg'xf];\ .

 sf]Onfsf] dxŒj ljBfyL{x¿nfO{ eGg nufpg'xf];\ .
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vlgh t]n

 vlgh t]nsf] pbfx/0f;lxt kl/ro lbg'xf];\ . k]6«f]n, l8h]n cflbsf] gd'gf b]vfpg'xf];\ .

 vlgh t]n aGg] tl/sf kf7\ok':tsdf k9]/ ljBfyL{nfO{ k|:t't ug{ nufpg'xf];\ .

 k]6«f]lnod kbfy{ / o;sf] pkof]lutfaf/] 5nkmn ug'{xf];\ .

 vlgh t]nsf] dxŒjaf/] 5nkmn ug'{xf];\  .

-ª_ d"Nofª\sg

!= k[YjLsf] pTklQ ;DaGwdf hh{ jkmgsf] kl/sNkgf s] xf] n]Vg'xf];\ .

@= ef}ule{s ;do eg]sf] s] xf] < o;nfO{ sltcf]6f dxfsNkdf ljefhg ul/Psf] 5, gfd
n]Vg'xf];\ .

#= 8fOgf];/sf] pTklQ, ljsf; / nf]k s'gs'g sfndf eof] .

$= hLjfjz]if eg]sf] s] xf] < hLjfjz]if s;/L aG5 < hLjfjz]if lsg kq] r6\6fgdf dfq
kfOG5 <

%= vlgh t]n eg]sf] s] xf] < of] s;/L aG5 <

-r_ lzIfsnfO{ yk hfgsf/L

k[YjLsf] pTklQ tyf ef}ule{s o'u

 lzz' u|xsf] l;4fGt M ;g\ !()$ df cd]l/sL j}1flgsx¿ RofDaln{g / dfpN6gn] lzz'
u|xsf] l;4fGt k|ltkfbg u/] . pgLx¿sf] egfOcg';f/ ;"o{sf] glhssf] af6f]af6 csf]{ s'g}
tf/f u|xsf] x'g'kb{5 . tL b'O{aLrsf] kf/:kl/s u'?Tjfsif{0f zlStåf/f Hjf/ef6f pTkGg eO{
k[YjL nufot cGo u|x tyf pku|xx¿ ag]sf x'g\ .

 w'nLo s0f l;4fGt M hd{g j}1flgs 8f= ;L= af]g ljh;fPs/ / ?;L j}1flgs c6f]l:d6
o; l;4fGtsf k|ltkfbs x'g\ . u|xx¿ ;"o{sf] c+zaf6 ag]sf xf]Ogg\ . logLx¿ cfsfz
uª\uf leqsf lgxfl/sf (nebula) sf w'nfsf s0fx¿ ;ª\sng eO{ ag]sf x'g\ .

 k[YjL ljleGg k|sf/sf r6\6fgx¿ ldnL ag]sf] 7f]; lk08 xf] h;nfO{ jfo'd08nsf] kftnf]
kqn] 9fs]sf] x'G5 . k[YjL k"0f{ ¿kdf uf]nf] geO{ o;sf] w|'jLo efu y]lKrPsf] x'gfn]
e"dWo/]vfdf k[YjLsf] Jof; !@,&%^ ls=ld= x'G5 .

 k[YjLsf] agf]6nfO{ j|mi6, DofG6n, aflx/L sf]/ tyf leqL sf]/ u/L hDdf rf/ efudf
ljeflht ul/Psf] 5 .
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k[YjLsf] agf]6

j|m=;+= tŒj ;ª\s]t tf}nsf] k|ltzt

1. kmnfd Fe 34.6

2. clS;hg O 29.5

3. l;lnsg Si 15.2

4. DofUg]l;od Mg 12.7

5. lgs]n Ni 2.4

6. ;Nkm/ S 1.9

7. SoflN;od Ca 1.1

8. PNd'lgod Al 1.1

9. ;f]l8od Na 0.57

10. j|mf]ld:d Cr 0.26

11. Dofulgh Mn 0.22

12. sf]jfN6 Co 0.13

13. kmf]:km/; P 0.10

14. kf]6fl;od K 0.07

15. l66lgod Ti 0.05

 ljleGg ljåfgx¿n] k[YjLsf] cfo'sf] u0fgf ljleGg cfwf/df u/] . o;nfO{ k[YjLsf] sfndfg
(time scale) elgG5 . o; sfndfgsf cfwf/df ljrf/ ug]{ xf] eg] k[YjLsf] cfo' sl/a !)
nfvb]lv %) nfv jif{ ePsf] cg'dfg ul/Psf] 5 . jf:tjdf k[YjLsf] sfndfgnfO{ j}1flgsx¿n]
b'O{ k|sf/df ljefhg u/]sf 5g\ M

1. ;[li6;DaGwL sfndfg  (cosmic time scale)

2. e"uj{zf:qLo sfndfg (geological time scale)

 dflysf b'O{ sfndfgdWo] ;[li6;DaGwL sfndfgnfO{ eGbf e"uj{zf:qLo sfndfgnfO{ a9L
k|fyldstf lbOPsf] 5 . k[YjLsf] ;[li6 ePb]lv xfn;Ddsf] ;dofjlwnfO{ e"uj{zf:qLo
sfndfg jf ef}ule{s sfn elgG5 .

 ef}ule{s sfnnfO{ ljleGg O/f (era), lkl/o8 (period) / Okf]s (epoch) df ljefhg u/L
Pp6f tflnsf agfOPsf] 5 . To; tflnsfnfO{ ef}ule{s sfn tflnsf elgG5 .
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hLjfjz]if

 k[YjLsf] ;txd'lg r6\6fgdf /x]/ d/]sf hLjx¿sf] cWoog ug]{ jf cjz]ifsf] cWoog ug]{
lj1fgnfO{ kflnoG6fnhL (paleontology) elgG5 . hLjx¿ d/]kl5 nfdf] cGt/fndf cjz]if
aGg] lj|mofnfO{ kmf]l;nfOh];g (fossilization) elgG5 .

hLjfjz]ifsf] dxŒj

 ;docg';f/ jg:klt / hGt'x¿sf] cWoog ug{ ;lsG5 .

 s'g} 7fp“sf] r6\6fgsf] ef}ule{s cfo' j|mlds ¿kn] k|lt:yfkg ug{ ;lsG5 .

 Ps 7fp“sf] r6\6fg / csf]{ 7fp“sf] r6\6fgaLr kf/:kl/s ;DaGw yfxf kfpg ;lsG5 .

 s'g} klg b]zsf] k|frLg e"uf]n yfxf kfpg ;lsG5 .

 sf]Onf tyf k]6«f]lnodsf] vfgL kQf nufpg ;xof]u k'¥ofp“5 .

vlgh OGwg

 s}nf], sfnf] aNg] vlgh h'g kq]bf/ r6\6fgsf ¿kdf /x]sf] x'G5 eg] To;nfO{ sf]Onf
elgG5 . sf]Onfsf] k|sf/ ef}lts ¿k tyf ltgLx¿sf k|s[lt lgDgfg';f/ 5g\ M

sf]Onfsf] k|sf/ ef}lts ¿k k|s[ltx¿

lnUgfO6 s}nf] / s}nf] afSnf] gsl;Psf], jg:kltsf cjz]if b]lvg] .

;a–la6'ldG; sfnf] la?jfsf] cjz]if clncln b]lvg] .

la6'ldG; sfnf], afSnf] / rxlsnf] la?jfsf] cjz]if ;"Idbz{s oGqn] dfq
b]lvg] / aNbf lgnf] w'jf“ cfpg] .

cfGy|f;fO6 sfnf], afSnf] lk6lk6 ef“lrg] / aNbf w'jf“
gcfpg] .

vlgh t]n aGg lgDglnlvt s'/fx¿sf] cfjZostf kb{5 M

 t]n c8\ofP/ /fVg] r6\6fg .

 vGbfv]/L t]n ;lhn};“u l5/]/ lg:sg] r6\6fg .

 t]nnfO{ dfly aUg glbg] lsl;dsf] r6\6fg .

 vlgh t]n hGt' / jg:klt s'lxP/ lg:s]sf] k|fª\ufl/s j:t'sf] afSnf] kqaf6 ag]sf] x'G5 .
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PsfO @$ jfo'd08n (Atmosphere)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= jfo'd08nsf ljleGg tx -cf]hf]g tx;d]t_ af/] j0f{g ug{ .

@= cf]hf]g txdf kg]{ Snf]/f]Çnf]/f] sfa{gsf c;/x¿sf] j0f{g ug{ .

#= k|fs[lts jftfj/0fdf xl/t u[xsf c;/x¿sf] JofVof u/L s[lqd xl/t u[xsf] dxŒj /
pkof]lutfsf] j0f{g ug{ .

$= pBf]uaf6 lg:sg] s]xL Uof;x¿sf k|lts"n c;/x¿sf] JofVof ug{ .

-v_ kl/ro

o; PsfOdf ljBfyL{x¿n] k[YjLsf] jfo'd08nsf] agf]6af/] hfgsf/L xfl;n ug]{ 5g\ . jfo'd08ndf
/x]sf] cf]hf]g Uof;sf] dxŒj / o;sf] ;+/If0f ug]{ pkfo j0f{g ug{ / ;+/If0fsf nflu pkfox¿
cjnDag ug{ ;Sg] 5g\ . xl/t u[xsf] kl/ro, JofVof, pkof]lutf j0f{g ug{ ;Ifd x'g'kg]{ 5 .
s[lqd xl/t u[xsf] j0f{g / dxŒj atfpg'sf ;fy} s[lqd xl/t u[x lgdf{0f u/L pkof]u ug{ klg
;Sg] 5g\ . jfo'd08n k|b"if0fsf k|d'v sf/0fx¿ atfpg ;Sg] 5g\ . jfo'd08n k|b"if0fsf] c;/
yfxf kfO{ k|b"if0f 36fpg] pkfox¿ atfpg / ckgfpg ;Sg] 5g\ .

-u_ lzIf0f ;fdu|L

jfo'd08nsf ljleGg txx¿ ;dfj]z ePsf] rf6{, Knfl:6s -kf/bz{s_, j]nhf/, cf]hf]g txsf
kf]:6/x¿, s[lqd xl/t u[xsf] df]8n, cf}Bf]lus Uof;sf] c;/;DaGwL kf]:6/x¿ .

-3_ lzIf0f l;sfO lj|mofsnfk

jfo'd08n

 jfo'd08nsf ;DaGwdf k|Zgf]Q/ u/L o;sf] kl/ro lbg'xf];\ .

 af]8{df lrq n]v]/ jfo'd08nsf ljleGg txx¿ b]vfpg'xf];\ jf rf6{ k|bz{g ug'{xf];\ .

 Uof; kbfy{ sf]Rg ;lsg] ePsfn] k[YjLsf] ;txaf6 hlt dfly uof] xfjfsf] 3gTj sd
-xfjf kftnf]_ x'g] s'/f JofVof ug'{xf];\ .

 k[YjL / o;sf] jl/kl/ /x]sf] jfo'd08nsf ljleGg txx¿;lxt lrq ljBfyL{x¿nfO{ klg
n]Vg nufpg'xf];\ .
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lgDgd08n

 jfo'd08nsf] rf6{ k|bz{g ug'{xf];\ . pSt rf6{df lgDgd08nsf] :yfg b]vfpg nufpg'xf];\ .

 lgDgd08nsf ljz]iftfx¿ atfpg'xf];\, h:t} M df]6fO, tfkj|mdsf] cj:yf, oxf“ /x]sf]
xfjfsf] k|ltzt, df};d ultljlw .

 df};d / lgDg d08nsf] ;DaGw atfpg'xf];\ .

 6«kf]khsf] kl/ro lbg'xf];\ .

;dtfkd08n

 o; txsf] df]6fO, tfkj|md, xfjfsf] cj:yf cflb atfpg'xf];\ .

 o; txdf cf]hf]g Uof; kfOg] prfO atfpg'xf];\ .

 cf]hf]g Uof;sf] kl/ro atfpg'xf];\ .

dWod08n

 kf7\ok':tsdf dWod08naf/] ljBfyL{nfO{ cWoog ug{ u[xsfo{ lbg'xf];\ .

 df]6fO, tfkj|md / xfjfsf] l:yltaf/] ;f]Wg'xf];\ .

tfkLod08n

 kf7\ok':tsdf lbOPsf tfkLod08naf/] k9\g lbg'xf];\ .

 tfkLod08nsf ljz]iftfaf/] ljleGg k|Zg agfO{ ;f]Wg'xf];\ .

afx\od08n

 ljBfyL{x¿nfO{ afx\od08naf/] kf7\ok':tsdf ePsf k9\g nufpg'xf];\ .

 ljBfyL{x¿nfO{ afx\od08nsf ljz]iftfx¿ n]v]/ k|:t't ug{ nufpg'xf];\ .

cf]hf]g tx

 cf]hf]g Uof;sf] kl/ro lbg'xf];\ .

 k/fj}hgL ls/0fsf] dbtn] cf]hf]g Uof; s;/L lgdf{0f x'G5 ;dLs/0f;lxt JofVof
ug'{xf];\ .

 cf]hf]g Uof; ;f}o{ k/fj}hgL ls/0fn] ubf{ ljR5]bg klg eO/xG5 eGg] s'/f ;dLs/0f;lxt
atfpg'xf];\ .
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k[YjL

jfo'd08naf6 aflx/
cGtl/Ifdf uPsf] tfk

jfo'd08nn] ;ª\sng
u/]sf] tfk -nfdf] t/ª\u_

jfo'd08n

;f}o{ ls/0f

;"o{

 k|s[ltdf cf]hf]g lgdf{0f / ljR5]bg ;Gt'lnt ¿kdf x'G5 . oL b'j} lj|mofdf k/fj}hgL
ls/0fsf] pkof]u x'G5 eGg] s'/f JofVof ug'{xf];\ .

 cf]hf]g Uof;sf] dxŒj atfpg'xf];\ . o;n] s;/L k[YjLdf /x]sf k|f0fLx¿sf] /Iff ub{5,
atfpg'xf];\ .

cf]hf]g txsf] x|f;

 dfgj lgld{t cf]hf]g ljgfz ug]{ Uof;x¿sf] gfd af]8{df n]Vg'xf];\ .

 oL Uof;x¿n] cf]hf]g Uof; s;/L ljgfz u5{, atfpg'xf];\ .

 cf]hf]g ljgfz ug]{ Snf]/f]Çnf]/f] sfa{g slxn], lsg / s;/L k|of]udf NofP atfOlbg'xf];\ .

 pSt Uof; s'gs'g pks/0fx¿df / s'g j:t' pTkfbg ug{df k|of]u ul/G5, atfpg'xf];\ .

 pSt Uof; s;/L jfo'd08ndf km}nG5 / s;/L cf]hf]gsf] ljgfz ub{5, atfpg'xf];\ .

cf]hf]g x|f;sf] c;/

 cf]hf]g x|f;af6 dflg;sf] :jf:Yo, jg:klt / jfo'd08ndf kg]{ c;/ atfpg'xf];\ .

cf]hf]g ;+/If0f

 cf]hf]g Uof;sf] ;+/If0f ug{ s]s] ug'{kb{5 ln:6 tof/ ug{ nufpg'xf];\ .

xl/t u[x k|efj

 xl/t u[x k|efjsf] kl/ro lbg'xf];\ .

 xl/t u[xdf k|efj kfg]{ Uof;x¿sf] gfd n]v]/ s'g Uof;n] slt k|ltzt k|efj kfg]{ xf]
af]8{df n]v]/ k|:t't ug'{xf];\ .

 xl/t u[xdf k|efj s;/L k5{ lgDglnlvt cg';f/ lrq n]v]/ JofVof ug'{xf];\ M
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 ;"o{af6 k|fKt ls/0f 5f]6f] t/ª\usf] x'G5 . k[YjLaf6 5f]l8g] tfksf] nfdf] t/ª\u x'G5 .
jfo'd08ndf 5f]6f] t/ª\u l55{ t/ nfdf] t/ª\u jfo'd08naf6 lg:sg ;Sb}g . log}
sf/0fn] xl/t u[xdf k|efj k5{ egL JofVof ug'{xf];\ .

s[lqd xl/t u[x

 s[lqd xl/t u[xsf] kl/ro lbg'xf];\ .

 s[lqd xl/t u[xsf] pkof]lutf atfpg'xf];\ .

 s[lqd xl/t u[xsf] gd'gf lj|mofsnfkdf h:t} k|bz{g ug'{xf];\ .

xl/t u[x k|efj

 jfo'd08ndf xl/t u[x Uof; a9L ePdf s] x'G5 < ljBfyL{;“u ;f]Wg'xf];\ . ;xL pQ/
gcfPdf lzIfsn] atfOlbg'xf];\ .

 xl/t u[xsf] k|efj a9\b} hfg'sf] sf/0f JofVof ug'{xf];\ .

 xl/t u[xsf] k|efj a9\g glbg s]s] ug'{k5{ < ljBfyL{;“u ;f]Wg'xf];\ / kl5 lzIfsn]
atfpg'xf];\ .

cf}Bf]lus Uof;

 cf}Bf]lus Uof;sf] kl/ro lbg'xf];\ .

 kf7\ok':tsdf ePsf] k9\g nufpg'xf];\ / cf}Bf]lus Uof;df s]s] kbfy{x¿ kfOG5g\ <
;f]Wg'xf];\ .

 cDnLo jiff{ s;/L x'G5 < ;dLs/0f;lxt JofVof ug'{xf];\ .

 cf}Bf]lus Uof; jfo'd08ndf a9\b} hf“bf s]s] c;/ k5{ < JofVof ug'{xf];\ .

-ª_ d"Nofª\sg

!= s'g} 7fp“df k[YjLsf] ;txsf] tfkj|md 320 c eP To; 7fp“sf] 3 lsnf]ld6/ prfOdf
tfkj|md slt x'G5 <

@= lgDgd08n / df};daLr s] ;DaGw 5 < k|:6 kfg'{xf];\ .

#= cf]hf]g ljgfz ug]{ Uof;x¿sf] gfd n]Vg'xf];\ . cf]hf]g Uof; s;/L ljgfz x'G5 <
atfOlbg'xf];\ .

$= cf]hf]g x|f;af6 x'g] tLgcf]6f c;/x¿ n]Vg'xf];\ .

%= xl/t u[xsf] k|efj eg]sf] s] xf] <
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^= xl/t u[xdf k|efj kfg]{ Uof;x¿sf] gfd n]vL s'g Uof;n] slt k|ltzt xl/t u[x c;/ k5{
n]Vg'xf];\ .

&= s[lqd xl/t u[x eg]sf] s] xf] < o;sf] Pp6f pkof]lutf n]Vg'xf];\ .

*= s[lqd xl/t u[xleq tfkj|md lsg a9L x'G5 < JofVof ug'{xf];\ .

(= cDnLo jiff{ eg]sf] s] xf] < cDnLo jiff{ s;/L x'G5 < cDnLo jiff{af6 s] c;/ k5{ <

lj|mofsnfk M s[lqd xl/t u[xsf] gd'gf agfpg nufpg'xf];\

 b'O{cf]6f sfuhsf] aS;f lng'xf];\ . cufl8 k6\l6sf] efu sf6\g'xf];\ .

 Pp6fdf sf6]sf] ;txdf kf/bz{s Knfl:6sn] 9fSg'xf];\ .

 b'O{df Pp6fPp6f ydf]{ld6/ 3';fpg'xf];\ .

 b'j}sf] sf6]sf] efu 3fdlt/ kmsf{P/ /fVg'xf];\ .

 x/]s @ ldg]6df b'j}sf] tfkj|md gf]6 ug'{xf];\ .

 kf/bz{sn] 9fs]sf] aS;fdf tfkj|md v'nf aS;fsf] eGbf a9L x'g] 5 .

lgisif{ M s[lqd xl/t u[xdf klg o;/L g} tfkj|md a9\5 .

-r_ lzIfsnfO{ yk hfgsf/L

jfo'd08n tyf o;sf ljleGg txx¿

 k[YjL jl/kl/sf] xfjfsf] txnfO{ jfo'd08n elgG5 . h'g gfO6«f]hg (78.08 k|ltzt) /
clS;hg (20.94 k|ltzt) ldnL ag]sf] x'G5 . o;afx]s jfo'd08ndf cfu{g (0.93 k|ltzt),

sfa{g8fOcS;fO8 (0.03 k|ltzt), lgof]u (0.001 k|ltzt) / lxlnod, ldy]g, lj|mK6g, cf]hf]g,
Pdf]lgof, sfa{gdgf]S;fO8, cfof]l8g cflb x'G5g\ .

 jfo'd08ndf 5.15x10 6g xfjf ePsf] cg'dfg ul/Psf] 5 .

 k[YjLsf] ;txaf6 16 lsnf]ld6/ dfly;Ddsf] jfo'd08n txnfO{ lgDgd08n elgG5 . of]
d08n k[YjLb]lv hlt 6f9f x'“b} hfG5 Tolt g} lr;f] a9\b} hfG5 . of] d08n dfgjLo
lj|mofsnfkaf6 a9L k|efljt x'G5 .

 ;dtfkLo d08nsf] 20 b]lv 40 lsld aLrdf cf]hf]gsf] Pp6f tx x'G5 h;n] ;"o{af6
cfpg] k/j}hgL ls/0fnfO{ /f]sL k[YjLnfO{ /Iff ub{5 .
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cf]hf]g txdf Snf]/f]Çnf]/f] sfa{gsf] c;/

 Snf]/f]Çnf]/f] sfa{g Pp6f /f;folgs of}lus xf] / o;df sfa{g, xfO8«f]hg, Snf]l/g tyf
Snf]l/gsf k/df0f' /x]sf x'G5g\ . of] cToGt} pkof]uL cf}Bf]lus /;fog xf] . o;sf] s'g}
k|fs[lts ;|f]t x'“b}g . o;sf] cfljisf/ yf]d; ldhn] ;g\ !(#) df u/]sf lyP . pgn] o;
k|sf/sf] Uof; b'O{ lbgd} kQf nufPsf lyP . o;n] xl/t u[x k|efj tyf cf]hf]g tx b'j}nfO{
ljgfz ub{5 .

xl/t u[x tyf s[lqd xl/t u[x

 a9L tfk cfjZostf kg]{ af]6la?jfx¿sf lglDt jg:klt pBfgdf agfOPsf l;;fsf
3/x¿nfO{ xl/t u[x elgG5 h;n] la?jfx¿nfO{ Gofgf] kfb{5 . xl/t u[xsf l;;fx¿n]
;"o{sf] ls/0fnfO{ leq l5g{ lbG5 t/ leq l5/]sf ls/0fx¿nfO{ aflx/ lg:sg lb“b}g h;sf]
kmn:j¿k xl/t u[xleq tfkj|md j[l4 x'G5 . sfa{g8fOcS;fO8 afSnf] x'g]u/L 9fs]sf]
k[YjLnfO{ xl/t u[x;“u t'ngf ug{ ;lsG5 .

 xl/t u[xdf em}“ k[YjLsf] tfkj|md a9\g] k|lj|mofnfO{ xl/t u[x k|efj elgG5 . of] k|lj|mofdf
efu lng] Uof;nfO{ xl/t u[x Uof; elgG5 . sfa{g8fOcS;fO8, ldy]g, cf]hf]g, gfO6«;
cS;fO8, Snf]/f]Çnf]/f] sfa{g cflb xl/t u[x Uof;x¿ x'g\ .
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PsfO @% a |Ådf08 (Universe)

cg'dflgt 3G6L M %

-s_ ljlzi6 p2]Zox¿

o; PsfOsf] cGTodf ljBfyL{x¿ lgDglnlvt sfo{x¿ ug{ ;Ifd x'g] 5g\ M

!= ;f}o{d08nsf] agf]6 / cfsf/ lrq;lxt j0f{g ug{ .

@= ;f}o{d08ndf x'g] k'5«]tf/f / pNsfx¿af/] j0f{g ug{ .

#= k|fs[lts / s[lqd pku|xaf/] j0f{g ug{ .

$= tf/fk'~hsf] lrq;lxt JofVof ug{ .

%= tf/fsf] hLjg l:yltdf x'g] kl/jt{g j0f{g ug{ .

^= sfnf] l5b| aGg] k|lj|mof JofVof ug{ .

-v_ kl/ro

o; PsfOaf6 ljBfyL{x¿ a|Ådf08sf] ;fdfGo kl/ro lbg ;Ifd x'g'kg]{ 5 . cfsfzdf b]lvg]
ljleGg j:t'x¿sf] j0f{g ug{ ;Sg] 5g\ . ;f}o{d08naf/] ;fdfGo hfgsf/L k|fKt ug]{ 5g\ .
;f}o{d08ndf eO/xg] 36gfx¿ k'R5«|]tf/f / pNsfx¿sf] kl/ro lbg / JofVof ug{ ;Sg] 5g\ .
k|fs[lts / s[lqd pku|x eg]sf s] x'g\ / s[lqd pku|x lsg 5f]l8G5 eGg]af/] atfpg ;Sg]
5g\ . tf/fk'~h / tf/fd08ndf km/s 5'6\ofpg ;Sg] 5g\ . tf/fx¿sf] k|sf/, tf/fsf] pTklQ
/ tf/fsf] cGTo s;/L x'G5 eg] JofVof ug{ ;Sg] 5g\ . To:t} tf/fsf] cGTokl5 x'g] ljleGg
k|sf/sf cjz]ifx¿sf] agf]6 / ljz]iftf j0f{g ug{ ;Sg] 5g\ .

-u_ lzIf0f ;fdu|L

 Sofns'n]6/, sf8{af]8{, s}“rL, k]lG;n, l:k|6NofDk, dl;gf] tf/, lrD6f, ;f}o{ kl/jf/sf] lrq
jf df]8]n, u|xsf] rf6{ jf df]8n, tf/fd08n / k'R5«|]tf/fx¿sf] rf6{, s]xL tf/fd08nsf]
lrq .

-3_ lzIf0f l;sfO lj|mofsnfk

a|Ådf08

 a|Ådf08sf af/]df ljBfyL{x¿;“u k|Zgf]Q/ u/L o;sf] kl/ro lbg'xf];\ .

 a|Ådf08df s]s] 5g\ / s:tf j:t'x¿ 5g\ atfpg'xf];\, h:t} M tf/fk'~hx¿, g]j'nf==,
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cfsfz uª\uf, ;f}o{d08n, u|x, pku|x, lzz'u|x, pNsf, w'ds]t' cflb .

;f}o{d08n

 ;f}o{d08nsf] lrq b]vfO{ kl/ro lbg'xf];\ . ;f}o{d08nleq s]s] kb{5g\, atfpg'xf];\ .

k|sfz jif{

 k|sfz jif{ eg]sf] s] xf] < atfpg'xf];\ . k|sfz ldg]6 / ;]s]G8af/] kl/ro lbg'xf];\ .

 k|sfz jif{sf] dfg / pkof]lutf atfpg'xf];\ .

 k|sfz jif{nfO{ lsnf]ld6/df kl/0ft ug{ nufpg'xf];\ .

 cGtl/If PsfOsf] kl/ro lbg'xf];\ . o;sf] dfg / pkof]lutf atfpg'xf];\ .

;"o{

 ;"o{sf ;DaGwdf ljBfyL{x¿nfO{ cfkm"n] yfxf kfPsf hfgsf/Lx¿ eGg nufpg'xf];\ .

 ;"o{;DaGwL tYofª\s af]8{df n]v]/ j0f{g ug'{xf];\, h:t} M ;"o{sf] ;fOh -Jof;_, lk08,
k[YjLaf6 b'/L, ;fk]lIfs 3gTj / o;sf] cy{, ;txsf] tfkj|md, leqL tfkj|md cflb .

 ;"o{af6 b]lvg] k|sfzh:t} c¿ s]s] lg:sG5 < atfpg'xf];\ .

 KnfHdf / ;f}o{ jtf;sf] kl/ro lbg'xf];\ .

 ;"o{df zlStsf] pTkfbg s;/L x'G5 < atfpg'xf];\ . o;af6 xfO6«f]hg ;dfKt eO{ Ps lbg
;"o{sf] cGTo x'g] ;ª\s]t lbg'xf];\ .

u|xx¿

 u|xx¿af/] ;fdfGo kl/ro lbg'xf];\ .

 tf/f / u|xdf s]s] km/s 5g\ < ljBfyL{x¿nfO{ n]Vg nufpg'xf];\ .

 cfsfzdf x]/]/ u|x s;/L lrGg ;lsG5 < s'gs'g u|x b]Vg ;lsG5 < atfpg'xf];\ .

 aflx/L u|x / leqLu|xsf af/]df j0f{g ug{'xf];\ .

 cf7cf]6f u|xx¿sf] j|md ldnfP/ af]8{df gfd n]Vg'xf];\ .

 k|To]s u|xsf] ljz]iftfx¿sf af/]df 5nkmn ug'{xf];\ .

 k[YjLafx]s cGo u|xdf hLj ljsf; gx'g'sf sf/0fx¿ JofVof ug'{xf];\ .

 s'gs'g u|xx¿ gfª\uf] cf“vfn] b]lvG5 < s'g j]nf b]lvG5 / s'g :yfgdf b]lvG5 cflb
s'/fx¿sf] hfgsf/L lbg'xf];\ .
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 ljleGg u|xx¿sf] pku|x ;ª\Vofaf/] atfpg'xf];\ . zlgsf] pku|x l66fgsf] ef}lts cj:yf
atfpg'xf];\ .

 ;"o{sf] Jof; 1 ld6/ dfGbf k[YjL, j[x:klt, zlg, dª\un, a'w, z'j|m cflbsf] Jof; slt
x'G5 < lx;fa ug{ nufpg'xf];\ . Sofns'n]6/sf] dbt lng'xf];\ .

 lj|mofsnfk ^ sf cfwf/df af]8{df tL u|xx¿sf] ;fOh ldnfP/ lrq agfpg'xf];\ jf sfuh
sf6]/ af]8{df 6f“:g'xf];\ . o;af6 ;fk]lIfs ¿kdf s'g u|x slt 7"nf] jf ;fgf] yfxf kfpg
;lhnf] x'G5 .

rGb|df

 rGb|dfsf ;DaGwdf kl/rofTds 5nkmn ug'{xf];\ .

 rGb|df;DaGwL tYofª\s, h:t} M lk08, Jof;, b'/L, u'?Tj an, u'?Tj k|j]u cflb af]8{df
n]v]/ hfgsf/L lbg'xf];\ .

 gIfqdf; / rGb|df;af/] 5nkmn ug'{xf];\ .

 rGb|dfdf vfN8fx¿ s;/L ag]sf x'g\, atfpg'xf];\ . k[YjLlt/ kms]{sf] efudf eGbf
ljk/Lt efudf a9L vfN8fx¿ b]lvg'sf sf/0f atfpg'xf];\ .

 rGb|dfsf] Pp6} efu dfq ;w}“ k[YjLaf6 b]lvg'sf] sf/0f atfpg'xf];\ .

 rGb|dfn] k[YjLsf] kl/j|mdf s;/L u5{ < /f]nKn] ljlwaf6 k|bz{g ug'{xf];\ .

lzz' u|xx¿

 lzz' u|xsf] kl/ro lbg'xf];\ .

 lzz' u|xsf] :yfg / agf]6af/] lrq n]v]/ b]vfpg'xf];\ .

k'R5«]tf/fx¿

 k'R5«|]tf/f s:tf] b]lvG5, sxf“ b]lvG5, s'g j]nf b]lvG5, lsg b]lvG5 cflb k|Zgx¿ u/L
5nkmn u/fpg'xf];\ .

 k'R5«]|tf/fsf] agf]6, cfsf/ / ;fOhaf/] ;fdfGo kl/ro lbg'xf];\ .

 k'R5«]|tf/f cfÇgf] sIfdf /xL ;"o{sf] kl/j|mdf ul//x]sf] lrq n]v]/ b]vfpg'xf];\ .

 k'R5«|]tf/fsf] k'R5/ ;w}“ ;"o{sf] ljk/Lt lbzftkm{ kmls{g'sf] sf/0f atfpg'xf];\ .

 k'R5«]|tf/f w]/} jif{sf] cGt/fndf dfq b]lvg'sf]  sf/0f JofVof ug'{xf];\ .
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 k'R5«|]tf/fsf] k'R5/ s;/L aG5 < JofVof ug'{xf];\ .

 ;"o{sf] glhs cfp“bf dfq k'R5«|]tf/fdf k'R5/ b]lvgfsf] sf/0f JofVof ug'{xf];\ .

pNsfx¿

 pNsf eg]sf] s] xf] < / pNsf s;/L b]lvG5 < JofVof ug'{xf];\ .

 pNsfsf] agf]6 / ;fOhaf/] atfpg'xf];\ .

 pNsfsf] ult / pNsf b]lvg] jfo'd08nsf] txaf/] atfpg'xf];\ .

 pNsf lk08 eg]sf] s] xf] < atfpg'xf];\ .

;f}o{ kl/jf/df ;"o{sf] dxŒj

 ;"o{af6 s]s] kmfObfx¿ 5g\ < ljBfyL{x¿nfO{ n]Vg nufpg'xf];\ .

 ;"o{ gePsf] eP cGo u|xx¿sf] cj:yf s] x'g] lyof] < ljBfyL{x¿nfO{ cfÇgf] cg'dfg eGg
nufpg'xf];\ / cGTodf lzIfsn] :ki6 kfg'{xf];\ .

tf/fsf] agf]6

 tf/fsf] agf]6 klg ;"o{sf] h:t} ePsf] / ;"o{eGbf cToGt 6f9f /x]sfn] ;fgf b]lvPsf]
eGg]af/] 5nkmn ug'{xf];\ .

 ;fgf, demf}nf, 7"nf / cToGt 7"nf u/L rf/ k|sf/sf tf/fx¿ x'G5g\ eGg] s'/f k|:6
kfg'{xf];\ .

 tf/fsf] /ªsf cfwf/df ;txsf] tfkj|md lgwf{/0f ug{ ;lsg] s'/f atfpg'xf];\, h:t} M /ftf],
kx]“nf], ;]tf] / lgnf] .

 l:k|6NofDkdf Ps 6'j|mf dl;gf] tf/ lrD6fn] ;dft]/ ttfP/ k|bz{g ug'{xf];\ . tf/sf]
tfkj|md a9]cg';f/ /ª kl/jt{g ePsf] b]vfpg'xf];\ .

tf/fsf] hLjgL

 tf/fsf] pTklQ, ljsf; / cGt s;/L x'G5 atfOlbg'xf];\ .

 gf]ef / ;'k/gf]efdf km/s atfOlbg'xf];\ .

  /ftf] ljzfn tf/f / ;]tf] jfd s;/L aG5 < k|:6 kfg'{xf];\ .

 Go'6«g :6f/ eg]sf] s] xf] / of] s;/L aG5 < aofg ug'{xf];\ .

 s:tf tf/fx¿af6 sfnf] l5b| aG5 / sfnf] l5b| s;/L aG5 < j0f{g ug'{xf];\ .
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sfnf] l5b|

 sfnf] l5b| aGg] k|lj|mofaf/] 5nkmn ug'{xf];\ .

 sfnf] l5b|sf ljz]iftfx¿ atfOlbg'xf];\ .

tf/fd08n

 tf/fd08nsf] kl/ro lbg'xf];\ .

 ljleGg k|sf/sf tf/fd08nx¿sf] lrq;lxt kl/ro lbg'xf];\ .

 d'Vo ¿kdf s'gs'g tf/fd08nx¿ slxn] b]Vg ;lsG5 < atfpg'xf];\ / ljBfyL{x¿nfO{
/flt  cfsfzdf cjnf]sg u/fpg'xf];\

 tf/fd08n / df};dsf ;DaGw atfpg'xf];\ .

tf/fk'~h

 tf/fk'~hsf] kl/ro lbg'xf];\ .

 lrq n]v]/ tLg k|sf/sf tf/fk'~hx¿sf] j0f{g ug'{xf];\ .

 7"nf] lj:kmf]6sf] l;4fGt eg]sf] s] xf] < JofVof ul/lbg'xf];\ .

 cfsfz uª\uf eg]sf] s] xf] < o;sf] agf]6 s:tf] 5 / o;df ;f}o{d08n sxf“lg/ 5 <
atfpg'xf];\ .

-ª_ d"Nofª\sg

!= k|sfz jif{ eg]sf] s] xf] < ;"o{sf] k|sfz k[YjL;Dd k'Ug 8 ldg]6 20 ;]s]G8 nfU5 eg] ;"o{
/ k[YjLaLrsf] b'/L slt x'G5 <

@= ;f}o{ jtf; eg]sf] s] xf] < o;sf] ult slt x'G5 <

#= leqL u|x / aflx/L u|xaLr b'O{cf]6f leGgtf b]vfpg'xf];\ .

$= dª\un u|x lsg /ftf] b]lvG5 <

%= j'w u|xdf hLj cl:tTj gx'g'sf] ;DefJo sf/0fx¿ s]s] x'g ;S5g\ < s'g} tLgcf]6f
n]Vg'xf];\ . a'weGbf z'j|msf] tfkj|md a9L x'gfsf] sf/0f s] xf] <

^= gf]ef eg]sf] s] xf] < /ftf] ljzfntf/f s;/L aG5 <

&= sfnf] l5b| eg]sf] s] xf] < sfnf] l5b| s;/L aG5 <

*= tf/fd08n / tf/fk'~haLr tLgcf]6f leGgtf n]Vg'xf];\ .
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-r_ lzIfsnfO{ yk hfgsf/L

a|Ådf08 / ;f}o{d08n

 cfsfzLo lk08x¿af/] cWoog ug]{ lj1fgnfO{ vuf]n lj1fg elgG5 . o;;DaGwL cWoog
ug]{ j}1flgsnfO{ vuf]n zf:qL elgG5 .

 ul0ft Hof]ltif zf:qdf k|of]u x'g] PsfOx¿

 P:6«f]gf]ldsn PsfO (astronomical unit)

1 A.U = 15,000,000km

k|sfz jif{ (light year)

Ps k|sfz jif{ = 9.46x10 .. km

kf/;]s (parsec)

Ps kf/;]s = 3.26 k|sfz jif{ .

 ;"o{n] cfsfz uª\ufsf] tf/fk'~hLo s]Gb|nfO{ Psk6s kl/j|mdf ug{ nfUg] ;dofjlwnfO{
sl:ds jif{ (Cosmic year) elgG5 . Ps sl:ds jif{ = 2500 nfv jif{ x'G5 .

 ;g\ !()% df cNj6{ cfOG:6fOgn] lk08 gfz x'“bf zlSt pTkGg x'G5 eGg] tYo kQf
nufP . ;"o{df k|z:t dfqfdf xfO8«f]hg Uof; x'G5 . xfO8«f]hg Uof; lxlnod Uof;df
kl/0ft x'“bf s]xL lk08 gfz x'G5 . gfz ePsf] lk08 zlStdf kl/0ft x'G5 . cfOG:6fOgsf]
;"q E = mc2 df E = zlSt, M= gfz ePsf] lk08 / C = k|sfzsf] ult xf] .

 cfsfz uª\ufsf] cfsf/ sl/a !)),))) k|sfz jif{ x'G5 h;df b; va{ (100 billion)

tf/fx¿ x'G5g\ .

u|xx¿



lzIfs lgb]{lzsf, lj1fg, sIff – !) 149



150 lzIfs lgb]{lzsf, lj1fg, sIff – !)

 u|xx¿n] ;"o{sf] jl/kl/ Ps rSs/ nufpg] ;do cjlwnfO{ Knfg]6 jif{ (Planet year)

elgG5 t/ u|xn] cfÇgf] sIfdf Psk6s kl/j|mdf ug{ nfUg] ;donfO{ Knfg]6\; 8] (planet's

day) elgG5 .

 leqL u|x / aflx/L u|xsf] aLrdf a9L ;ª\Vofdf !=^ ls=ld= b]lv *)) ls=ld= Uof; ePsf
lk08x¿nfO{ lzz' u|x elgG5 .

sfnf l5b |

 ;g\ !(^( df cd]l/sL j}1flgs hf]g lÅjxn/n] ;j{k|yd sfnf] l5b| kQf nufPsf lyP .

 sfnf] l5b|sf] cfsf/ / k|sf/ tf/sf] lk08 tyf kl/j|mdf ug]{ b/df lge{/ ub{5 .




